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Abstract

NASA is in a period of frequent launches of low cost deep space missions with challenging

performance needs. The modest budgets of these missions make it impossible for each to develop its

own technology, therefore, efficient and effective development and insertion of technology for these

missions must be approached at a higher level than has been done in the past. The Deep Space
Systems Technology Program (DSST), often referred to as X2000, has been formed to address this

need. The program is divided into a series of "Deliveries" that develop and demonstrate a set of

spacecraft system capabilities with broad applicability for use by multiple missions. The First

Delivery Project, to be completed in 2001, will provide a one MRAD-tolerant flight computer, power

switching electronics, efficient radioisotope power source, and a transponder with services at 8.4 GHz

and 32 GHz bands. Plans call for a Second Delivery in late 2003 to enable complete deep space

systems in the 10 to 50 kg class, and a Third Delivery built around Systems on a Chip (extreme levels

of electronic and microsystems integration) around 2006. Formulation of Future Deliveries (past the

First Delivery) is ongoing and includes plans for such developments as highly miniaturized

digital/analog/power electronics, optical communications, multifunctional structures, miniature

lightweight propulsion, advanced thermal control techniques, highly efficient radioisotope power

sources, and a unified flight ground software architecture to support the needs of future highly

intelligent space systems. All developments are targeted at broad applicability and reuse, and will be
commercialized within the US.

Introduction

NASA has entered an era of frequent low cost planetary science missions. Gone are the days

of multi-billion dollar efforts launched at a rate of one or two per decade. The path to deep space is

clearly to be marked by many planetary launches each year, with some projections reaching an

average of one per month in the near future. In fact, for short bursts NASA has already reached that

rate with the recent launches of Stardust, Mars Polar Lander, Mars Climate Orbiter, Deep Space 2

(Mars Microprobe), and Deep Space 1; five deep space missions in about a five month span starting
in October, 1998. In addition to the increased frequency,there has been and will continue to be a

dramatic reduction in cost for planetary missions. Mission costs now range from about three hundred

million dollars all the way down to a few tens of millions.

Even as mission frequency is going up and costs are coming down, the performance

requirements of missions are getting more ambitious. With the exception of the planet Pluto (which

would be visited by the planned 2004 Pluto/Kuiper Express mission), all the planets have been

encountered at least briefly by a robotic spacecraft. Some bodies have been visited many times. The

types of exploration that must be done next require not simply flying by and snapping pictures, but

observing many processes at many locations for long periods of time, exploring the atmospheres and

under the surfaces of planets and other bodies, and analyzing in detail the rocks, gases, ices, and other

materials that make up our solar system.



Figure 1 shows some missions that are envisioned tor the future. These missions will use

landers, rovers, and burrowing systems to dig into rocks, soil, and ice. There will be submarines to

explore potential oceans on other planets and their moons. There will be aircraft and balloons on

other planets to explore the atmospheres and cover great distances on the surfaces. Networks of tiny
data-gathering stations will be scattered across, around and within the planets and other bodies, to

perform long term monitoring. There will be systems which seek out interesting samples in the solar

system and return them to Earth. There will be all of these things, as well as more capable orbiters for
observing from space, and providing communications and navigation services.

Figure 1. Some Envisioned Future Science Missions

To meet the technology development needs of this wide range of modestly funded missions,

there is a need for a broad-based, deep space focused technology development program. Historically,

missions have assessed their needs for new technology, and if they required something that was not

available, they reached into their own budgets to find the funds to bring innovations from the research

laboratories into flight readiness. The large budgets and long development cycles of past missions

allowed for this. The smaller, faster missions of today do not have sufficient time or dollars for

technology development, yet the,, require advanced technology' to meet mission objectives. Common

capabilities that multiple missions can use must be developed centrally, and only slightly ahead of the

user missions. While this has been attempted in the past with limited success, the larger number of

missions in development at the same time makes it practical and efficient to do so now. The Deep
Space Systems Technology (DSST) Program x,,as formed in response to this need, and it is chartered

to provide the necessary breakthroughs in spacccralt functionality, and spacecraft architecture to



enable these faster, better, cheaper missions of the future to succeed. As shown in Figure 2, the

primary focus is on the Solar Systems Exploration science theme within NASA's Office of Space

Science, but the program will strive to be as broadly applicable as possible and will surely provide
useful developments for missions in other themes and outside of NASA.
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Figure 3 presents the relationship among technology sources, flight demo programs, mission

customers, and the two main parts of DSST (X2000). DSST has two main activities. The first is a

technology planning, fusion, and development activity. This contains the long term formulation in the

program and the ongoing development activities like Systems on a Chip (electronics integration and

miniaturization), Revolutionary Computing Technologies (advanced computing techniques for the

future), Advanced Radioisotope Power Source (more efficient, miniature radioisotope power sources),

and Mission Data System (complete flight and ground software architecture for reuse and evolution of

capabilities). Technology is advanced cooperatively with other providers (shown at the top of the

figure) in other programs, other parts of NASA, other agencies, and in industry and academia. The

other DSST element contains the delivery projects. Periodically (at about three year intervals), the

state of technology development within the program and outside is evaluated against the needs of

future missions, and a delivery of needed capabilities is formulated. This delivery is then managed

like a flight project, and proceeds to deliver a suite of capabilities on a fixed schedule within a fixed

budget. A delivery consists of a system demonstration on the ground in a relevant environment

greatly reducing the risk of infusion of the technology into flight missions. If flight validation is

needed on some of the technology products, other programs like New Millenium are chartered to



performthis, but most products will go directly to missions from DSST demonstration. All products

are commercialized within the US so that mission customers can purchase them directly from industry
suppliers.
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Program Technology Focus

The driving themes in technology development for this program are based on cost. This

translates to many things in turn. Systems are driven to lower mass due to constraints on launch

vehicle capabilities, especially for missions with large propulsive needs. Large launch vehicles are

expensive, and vehicles large enough to carry out some missions with current technology don't even

exist. Power consumption must also be driven down and the efficiency of power sources improved to

reduce the mass and expense of spacecraft power systems. Shorter development cycles contribute to

cost reduction directly, and can be achieved through the use of such things as modularity, flexibility,

and reuse of designs. Modular architectures reduce integration and test time. Flexible architectures

that are reconfigurable to accommodate broad requirements reduce the necessary design analysis and

improve the chances of recovering from unforeseen difficulties. Reuse of hardware and software

reduces development times and contributes directly to lower cost by reducing non-recurring

engineering. High performance computing reduces costs by allowing the use of layered software

architectures and commercial off the shelf software components, both of which reduce design

complexity and test time. Automation of functions in software is also enabled, allowing migration of

functions from ground to space thus reducing operations cost. All of these things and other

approaches which directly address the cost of building individual components guide the technology

development of the program.



With thesethoughtsin mind,theprogramhasformed technologypathsin all themajor
spacecraftfunctionalareas.Someareashavededicatedprogramelementswhichguideandcoordinate
efforts insideandoutsidetheprogramfor specifictechnicalareas.TheCenterfor IntegratedSpace
Microsystems(CISM) is theelementin theprogramthat addressesmanyimportantareasof avionics
andcomputingdevelopmentwith its Systemsona Chip,andRevolutionaryComputingTechnologies
tasks.The AdvancedRadioisotopePowerSource(ARPS)elementdrivesdevelopmentof thermal-to-
electricconversiontechnologiesandsystemarchitecturesfor radioisotopepowersources.The
MissionDataSystem(MDS) elementfocuseson theadvancementof flight/groundsoftwaresystem
architectures.All of theseactivitiesarefundedby theprogramandwork acrossthespectrumof
technologymaturity to makekeyadvancesin thesespecific areas.Theprogramalsohasplansto
focustechnologiesfrom providersoutsidetheprogramandinfusetheminto missionusethrough
inclusionin deliveryprojects.This teamworkamongresearchelementsanddeliveryprojectsin the
programandtechnologysourcesoutsideof theprogram(e.g.NASA's CrossEnterpriseTechnology
DevelopmentProgram,efforts in DARPA, Air Force,etc.)is essentialto maximizethecapabilitiesof
productsdemonstratedby DSSTwithin costconstraints.

In theareaof avionics,themaindrive is towardminiaturizationandpowerreduction. This
areawill drawuponwork in CISM (particularlySystemsof a Chip)andmoveforwardin two ways.
First, theprogramwill continueto takeadvantageof advancesin smallerintegratedcircuit feature
sizeandlowervoltagesto miniaturizeandlowerpowerconsumption.Second,apushwill bemade
towardcombiningfunctionality to achievefewernodesandextensiveuseof bus-baseddistributed
architecturesto reducedemandsfor point-to-pointconnectionsandassociatedcabling. Other
microsystemdevelopmentsincludeminiaturesolidstategyrosandaccelerometersandminiature
imagersfor starcameraandwideangleimagingfunctions. Advancesin thetechnologyfor rapid
reliableintegrationof circuitsandmicrosystemsinto systemsonchipswill resultin verycapable
miniaturesystemsthatcanbestampedout cheaplyon integratedcircuit fabricationlines. Scalable,
distributed,miniatureavionicssystemswill beusedboth to achievecompletespacecraftandother
systemsof unprecedentedsize(i.e.microspacecraft,nanospacecraft),andasdistributednodesof
functionality throughoutlargerspacesystems.As thetechnologyfor miniaturizationandchip
thinning continues,avionicswill becompletelyintegratedinto thestructuresandskinsof other
components.

In theareaof propulsion,miniaturevalvework inDSST's First DeliveryProject,lightweight
tankwork in theMarsExplorationProgram,will becombinedwith othercomponentminiaturization
work internalto DSST'sFutureDeliveries. This will enablein theDelivery2 time framepropulsion
systemsfor attitudecontrolandmaneuversconsistentwith themassandpowerconstraintsof a
microspacecraft.Deeperinto thenextdecade,furtherdry massreductionwill beseenthrough
componentminiaturizationandlightweight tanktechnologies,aswell asMEMS-based(Micro-
ElectroMechanicalSystems)propulsionto meetthetiny thrustlevelsandimpulsebitsneededfor
microspacecraftsystemsor veryfine pointingof largersystems.Otheradvancedpropulsionconcepts
mayalsobeexploredbasedon thespecialneedsof missionslatein thenextdecade.

In telecommunications,activity will includedevelopmentof devicesfor combinedoptical
communicationsandnarrowanglescienceimagingcapabilities.TheDelivery 2 productwill bethe
first real deepspacecapableopticalcommunications/imagingdevice. Integrationinto thespacecraft
avionicsof shorterrangerelaycommunicationsis alsobeingpursued.Furtheradvancementin these
areasandotherswill follow later in thenextdecade.As in avionics,miniature,high performance
telecommunicationsdeviceshelpto enablemicrospacecraftsystemsandcontributeto increased
functionalityof largersystems.



In structures,effortswill focusoncombiningcabling,circuit cards,andstructureto reduce
totalspacecraftmassandintegrationtime for Delivery2. Furtheradvancesin embeddingfunctions
andcomponentswithin thestructurearealsoenvisioned,includingbatteries,powermodules,and
thermalcontroldevices. Suchmultifunctionalarchitecturesareapplicableto adiversity of space
systems,largeandsmall.

In thermalcontrol theemphasiswill beon flexibility. Technologiesincludeminiatureloop
heatpipeswhich wouldmoveheatfrom onepanelto anotherasneededwithout requiringdetailed
analysesin thedesignphase.Alsopartof this thermalenergymanagementarchitectureis theuseof
electrochromicmaterialswhichcanchangetheir emissivepropertieselectronicallyfor activecontrol
of radiationto space.Thelargedynamicrangeof thesetwo devicesallowsgreatflexibility in both
spacecraftconfigurationandoperationsenvironment. In additionto enablingmicrospacecraft,thin
electrochromicradiatorscouldalsobeusedfor activesurfacethermalcontrol of largespace
structures,allowing fine controlof structuraldistortiondueto temperaturegradients.In thefurther
future,miniaturepumpedfluid loop systemsareenvisionedthatwouldallow completethermalenergy
management.Thesesystemswouldmovethermalenergyfrom sourcesto sinks,andto andfrom
storagereservoirsasneededto minimize heaterpowerdemandsandmaximizeflexibility.

In powerthereis anongoingAdvancedRadioisotopePowerSource(ARPS)activity that will
build oncurrentwork in theDelivery 1timeframeto producethenextgenerationsof powersources
for theDelivery 3 time frame. Reductionof theamountof radioisotopematerialis themaindriver
dueto its cost. Increasingtheefficiency of thethermalto electricconversionreducestheamountof
radioisotopeneeded,andasaresultreducescostandmass. Highly efficientpowersourcesof
differentoutputlevels(50W, 10W,lW, evenmilliwatt levels)arebeingpursuedusingsuch
conversiontechnologiesasAlkalai Metal Thermalto ElectricConversion(AMTEC), and
thermionics. Theselowerpowerlevelswill expandthesuiteof availablepowersourcesfor usewith
smallersystemsin environmentsthatmakeotherpowersourcesimpractical.

In software,theMissionDataSystem(MDS)elementof theprogramwill continueto develop
aunified flight/groundsoftwaresystemarchitecturethatis increasinglyreusableandintegrates
capabilitiesfor theuseof higherlevelsof autonomyin thefuture. It will draw heavilyon commercial
capabilities,especiallyat lower layerslike theoperatingsystemandin developmenttoolsandcode
generators.Delivery2 will demonstratereuseandbroadapplicabilityby usingtheMDS productfrom
Delivery 1with minimal modification,andwill addselectednewcapabilitiesconsistentwith the
Delivery2 hardware.Additional functionalitywill bepursuedastheMDS technologydevelopment
continues,including increasedautonomyandothernew applicationsmodules.MDS will be
applicableto abroadsetof spacesystems.

Program Schedule and Budget

Figure 4 shows a high level timeline for the program. Major deliveries occur on 4 to 6 year

centers and represent revolutions in spacecraft capabilities across system metrics of mass, volume,

power, cost, and performance. Delivery i around 2001 is the first major delivery and is currently a

fully funded project in the implementation phase. Delivery 3 will be the next major delivery in about

2006. Plans for Delivery 3 are currently limited to technology planning and development. Delivery 2

is in the early stages of formulation and may be considered a developmental step towards Delivery 3.

Many of the technologies envisioned for Delivery 3 will be brought to some intermediate level of

maturity and turned into products for Delivery 2.

The First Delivery Project is of about the same funding magnitude as a Discovery class

mission, and Delivery 3 will be a little larger. Delivery 2 is a much more modestly funded effort with



acurrentallocationof approximatelyone-quarterof Delivery 1. Thesebudgetsarethroughsystem
demonstrationof deliveryhardwareandsoftwarein groundtest. Theydonot includesubsequent
flight buysby missioncustomers,nordo they includetheadvancedtechnologydevelopment
performedin theotherelementsof theprogram(CISM, ARPS,MDS) or by othertechnology
providersor partners.
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Figure 4. Program Timeline

The schedule for Delivery 2 is shown in more detail in Figure 5. It is currently in an early

formulation phase, and has not yet been designated a project. Activities in FY99 include technology

seed efforts in several key areas (microgyro characterization, laser transmitter evaluation, laser

communications acquisition and tracking breadboard, micro pressure regulator development, zero

debris isolation valve evaluation, multifunctional structures evaluation, and thermal control

technologies evaluation). FY99 is also focussed on definition of the Delivery 2 system and

implementation planning. In FY00 the effort is expected to form into a recognized project and

continue with key technology work and more detailed definition and implementation planning.

Around mid year FY00 a mission partner would be selected. This would ideally be a technology

demonstration mission of some sort which would provide detailed requirements for Delivery 2 and

make direct use of the delivered system. Further work would lead into a Preliminary Design Review

early in FY01. The next 3 years would be characterized by design, build, and test, respectively,

resulting in a completed Delivery 2 late in the calendar year 2003.
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Figure 5. High Level Schedule for Delivery 2

Delivery 2 Overview

As stated earlier, the two main goals of the DSST program are to advance technology, and to

create common, multi-use systems for deep space missions. Fortunately, these two objectives can

often aid one another. That is to say, high performance can often compensate for the inherent

inefficiencies of multi-use systems. Technology has produced incredibly light, fast, and low power

electronics, light-weight composite structures, new ways of communicating from the depths of space,
and so on and so forth. Has this solved the inherent mass and power inefficiencies of multi-use

systems? No, but they are much smaller! This is particularly important to the deep space exploration

community given the traditionally tight resource margins of a deep space mission.

The First Delivery of DSST is the crucial first step where key systems are being developed for

use in what could be termed 'flag-ship' missions - mainline science platforms designed to collect vast

and detailed amounts of data. The Third Delivery will again be a development of this type, but will

seek unparalleled levels of integration to achieve extraordinarily low masses and powers in

combination with exceptional performance. Poised between these two grand-scale efforts, and a

critical link in the development path, is the Second Delivery.

Design Objectives:

Now more so than ever there are missions that either by design or necessity are aiming for

more focused goals. In other cases, the tasks traditionally allocated to a large spacecraft might be

performed by swarms of smaller ones. In both of these cases, and in many others, the need for small

or micro systems has manifested itself. It is addressing this need while making advances along the

path to 3 rd Delivery that has become the system focus of Delivery 2. In addition to addressing the



specificneedsof microspacecraftsystems,several'universal" objectives must also be considered.

The following list comprises the high level guidelines for Delivery 2.

1) The delivery shall enable deep space microspacecraft in the 10 to 50 kilogram class. This

also serves as the definition for a micro-class spacecraft for the purposes of this paper. In some

cases, this definition may exclude certain subsystems, such as propulsion in the case of missions

with large delta-V requirements.

2) The design shall incorporate new, innovative, and exciting technologies.

3) The system shall use, and where possible advance, the developments of DSST First Delivery.

For example, in the area of Avionics, First Delivery is taking the first step of integrating high

performance into a package that is lighter, more RAD hard, and that uses less power than anything

else available. It is essential for future deliveries to build upon this work. However, First

Delivery has been driven to focus on achieving both high performance and low mass and power.

In 2nd Delivery's case, a further increase in performance is not the primary focus. Rather, it will

be our focus to achieve significantly lower mass and power while at least maintaining the
performance achieved by First Delivery.

4) The system, and parts thereof, must be broadly applicable. This means 2nd Delivery should

be able to satisfy in whole or in part and with little or no modification the needs of most future

deep space missions of the micro-class. This whether they be space, ground, or air, or from Venus
to the Main Belt Asteroids.

5) The system shall be modular. This is actually a subset of the broad applicability objective. It is

of importance not only in allowing potential mission customers to create semi-custom

configurations of the full system delivery, but also in allowing use of individual subsystem

deliveries separate from the others. This would be key to certain mission types where some

subsystems may be considered unnecessary.

6) The performance of the spacecraft shall be scaleable. To ensure broad applicability the most

stringent anticipated requirements must often be met. This means that for most customer missions

the system would tend to "ov.er-perform." Scalability is necessary so that any detrimental side

effects of over-performance can be avoided, or so that savings in other resources resulting from
"scaled-down" performance can be realized.

7) Where practical, instrument functions shall be designed coexistent with engineering

functions. A key aspect of the development paths for many technologies seems to be greater and

greater levels of integration. With the potential for considerable mass savings and the ever-

growing need for micro-systems to fit into smaller packages, integrated instrumentation should
not be left unconsidered.

Design Approach:

The design approach comprises two major efforts. The first is requirement definition; the

second is the formulation of a representative design case.

Requirement definition is complicated due to the fact that there is not just one set of customer

specifications to design to. In fact, at the early stages of design, real customers (approved missions)

are lacking period. While this is beneficial from the aspect that it leaves the freedom to be innovative,



it alsoleavesnosolid guidelines,andpresentsthedangerthattheresultingdesignmaybesomething
thatno onewill wantto use. Theapproachto avoidthis is threefold.

First theobjectivesthatI havealreadyenumeratedweredocumentedastheproject's high
levelrequirements.Thesearethewordsthedesignteamlives by.

Second,for whatwouldnormallybetermedlower level requirements,a "Capabilities
Catalog"is beingcreated.This documentlists thevariousperformancecharacteristicsof thesystem
suchasprocessorspeed,transmitdatarate,imagingresolution,etc.Thetermcapabilitiesis usedto
emphasizethattheteam'sintentionat theoutsetis to probethelimits of whatcanbeachieved;that is,
exploringcapabilitiesnotsettingrequirements.Themainpurposeis to give potentialmissionsan
ideaof what2ndDeliverycanprovidethem- advertisementif youwill. Eventually,oncetheproject
settlesupona firm design,or entersinto anagreementwith acustomermission,thesecapabilitieswill
developinto thirdandfourth level requirements.

Finally, asurveyof missionrequirementsfrom futuredeepspacemissionsis being compiled.

This has drawn mostly from missions lying within the Solar System Exploration science theme of

NASA, but also includes missions from the Sun-Earth Connection science theme. In addition, the

team is working with other NASA system development programs, such as rovers or aerobots, to

capture their requirements. The purpose of this compilation of 'user' requirements is to compare with

2naDelivery's internal requirements and capabilities and ensure their relevance to prospective
customer missions.

The second part of the design approach involves the creation of a representative design point.

Design coherency is difficult to achieve without a system/mission context to focus requirements. The

approach in this early phase of Delivery 2 is to devise a generic mission for this purpose. To be

effective it has to be something that taxes all the spacecraft functional areas, and is free of special

concerns (severe environments, unusually long life, etc.). Also, the representative design and its

hypothetical mission has to represent not only a potential but probable usage of the Second Delivery

system. That is, the representative case needs to reflect real demand in the deep space community.

Representative Design:

As a result, an orbiter/fly-by based system has been chosen as our representative design. The

hypothetical mission assigned to the representative design, in order to give it form, is that of an orbiter

around Mars. This represents a feasible future mission, which also lacks any unique constraints; thus

a perfect design point for the purpose of designing a generic, broadly applicable system.

A quick look at the likely missions in the 2004-2006 time frame indicated additional systems

that may find use for the products of 2na Delivery, and that is being kept in mind. Activities are

ongoing to assess the impact on these systems of Delivery 2 developments. Brief descriptions of the
most notable of these systems follow:

Orbiter/fly-by systems: These have been the mainstay of space exploration in the past and will be

with us in the future. The potential destinations of such systems are incalculable. A few

examples include Mars, Venus, near earth asteroids, comets, etc. Their purpose can vary from

imaging platform to relay communications link between earth and other planetary assets (e.g.,
Mars).

Planetary Aerobots: This relatively new concept (for the deep space community) allows for

intimate study of a target body. By descending to low altitude, aerobots can produce images of

the surface with much greater resolution than orbital platforms. In addition, their continual

immersion in the atmosphere of the target body can allow numerous chemistry and weather



experiments. Principal targets for aerobots in the near term include Venus and Mars. In the far

term, concepts exist for Titan and outer planet aerobots.

Planetary Rovers: Made famous by the recent Mars Pathfinder mission, these systems are
currently integral parts of numerous planned missions to Mars and near earth asteroids.

Daughter Spacecraft: This is defined for purposes of this paper as a spacecraft accompanying a

larger spacecraft to its science target for the purpose of performing either a supplemental or

wholly separate mission from that of the 'mother craft'. Many concepts of this type have been

bred with the hope of defraying the enormous launch costs typically associated with deep space
missions.

Design Characteristics:

The resulting design has a mass of 32kg (see Table l). The power consumption of some

components is still being determined. As a result, a precise estimate cannot be given for power at this

time. In addition, power profiles are very mission specific. However, it is estimated that the average

power for the operational phases of most missions using our system will fall within the range 20-
50W.

Characteristics of the constituent subsystems are
as follows:

Avionics: This includes a flight computer with peak

performance at between 100 & 150 MIPS, mass

memory of about 10 Gigabits, a distributed data &

power bus architecture, micro-IMU, and an

advanced miniaturized star tracker. This subsystem

relies on high levels of integration to achieve its

mass and power objectives.

Optical Communications: This technology promises

to greatly increase the transmit data rates of deep

space missions. Second Delivery plans to serve as

the first deep space demonstration for this system,

and the current design incorporates a laser terminal

with a 10-cm aperture. At 14W input the

communications engineer expects such a system to

achieve 40kbps or better from a range of 2 A.U.

using a ground based 10-m optical receiver.

Propulsion: The propulsion system uses a hot gas

concept, which operates by running Helium with

Table 1.

Subsystem
Masses

Instruments

System Mass Accounting

J (kg)

ADACS
C&DH
Power
Propulsion
Structures
Telecommunications
Thermal

Spacecraft-Dry w/o Instr.:
Instruments:

Contlngency: (30%)

Propellant (Hellum/H2+O2)

Total:

2.0

0.6
2.1
2.5
6.0
5.8
4.0
0.6

21.6
2.0
7.1

2.1

32.8

trace amounts of Hydrogen and Oxygen over a catalyst. The result is hot Helium as exhaust and a

performance rivaling Hydrazine. In addition, this design incorporates a micro-regulator

development. This system will provide 200m/s delta-V and all necessary attitude control impulse.

Structures: This design uses bonded composite, multi-functional panels of a standard design in
order to significantly reduce mass and cost.



Thermal: This design is taking the first steps toward a flexible thermal management system

through use of loop heat pipes and variable emissivity radiator technologies. This should allow a

wide range of thermal environments to be endured as well as provide tremendous flexibility in
spacecraft configuration.

Instrument Multi-functionality: In addition to a 2kg allocation (for which the project has not

specified instruments) there are two multifunctional instruments in the current design. Thefirst is

a narrow field imager designed to share the optics of the optical communications terminal. This

combined system also has the capability of performing optical navigation. The second is a wide

field imager designed to share the star camera's optics.

Benefits to Other Systems:

The final step in this discussion is to revisit the potential systems described earlier, and see

how well the representative design case formulated serves them. In general it appears that all of the

systems previously discussed will find useful developments from a 2_a delivery design based on the
representative case described.

As a matter of course the orbiter/flyby systems will be addressed - that is, the design is an

orbiter design, and it is thus the expectation of the project that the whole of the development will be

applicable to an orbiter/flyby mission. Due to the similarities between the two systems, daughter
spacecraft would be served in a similar fashion.

The greatest benefits to aerobots and rover systems will likely come from the avionics,

structural, and thermal developments. It is possible that optical communications could be of use as

well - particularly if an optical relay capability was developed. Technologies from the propulsion
developments may also find use in aerobot systems for inflation, and attitude control.

Delivery 3 and Beyond

Details of Delivery 3 are difficult to specify, but it will bring together all of the technology

areas to demonstrate spacecraft performance and miniaturization that will revolutionize planetary
exploration. It will be driven by the mission set that is selected for late next decade which will most

certainly contain very demanding missions. The work in the CISM element in Systems on a Chip will

be a cornerstone, providing high performance avionics in a small, low power package. New power

sources from the ARPS element will almost certainly be required for some future missions to outer

planets, and will be included in Delivery 3. The next generation of highly reusable software will be

included from the MDS, and it will include levels of performance and autonomy never before seen.

In addition to these areas, further development of propulsion, telecommunications, structures, and

thermal technologies will be pursued building on the success of Delivery 2. Advances from CISM's

Revolutionary Computing Technologies may also begin to find there way into deliveries in Delivery 3

time frame. Deliveries beyond the Third are even more difficult to specify, but the program will

continue to address the common needs of deep space systems at about $75M each year through at
least the end of the next decade. One can only imagine what can be achieved in this time frame.

Summary

The Deep Space Systems Technology Program has been formed to provide multi-use

technology development for future deep space missions. The program produces system



demonstrationsof ripe technologies to bridge the gap between technology development and flight,
and it has long term development plans across all the major spacecraft functional areas. Future

demonstrations are in an early formulation phase. The Future Deliveries team is currently engaged in

key technology seed activities, technology roadmap tasks, and implementation planning for Deliveries

2 and 3. Delivery 2 will make advancements toward the more long term objectives of Delivery 3,

while also producing products that near term mission customers can use. Planning and seed tasks for

deliverables in avionics, attitude sensors, optical communications, micropropulsion, multi-functional

lightweight structures, advanced thermal control, and flight/ground software are underway for the

Delivery 2 (2003) time frame. In the Delivery 3 (2006) time frame, further advances in all of these

areas are planned, plus the next generation of advanced radioisotope power sources, and revolutionary

computing technologies. The Program is planned to continue indefinitely at $75 M per year, with

deliveries about every 3 years. For up to date information, visit the Deep Space Systems web site
frequently, at http://dsst.jpi.nasa.gov.
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