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Foreword

The attached material represents the working papers from the
OAST Space Theme Workshop held at the Langley Research Center,
April 26-30, 1976, and contains a quick-look analysis of the
proceedings. The material is unedited and intended for further

use by the participants of the workshop and the planning elements of
NASA concerned with space mission research and technology. It
should be understood that the data do not represent official plans
or positions but are part of the process of evolving such plans and
positions.

Nearly 100 of the Agency's top technologists and scientists joined
with another 35 theme specialists to produce this working document -
a document that provides a technical foundation, including research
and technology base candidates, for each of the six space themes.

The material in this report is considered essentjal to the development
of Center initiatives in support of these themes. Copies of the report
will be made available to the Center Management Board and the
individuals at the Centers responsible for the FY'78 program planning
cycle. The timing of this planning activity has caused us to distribute
this document in this unedited form. Thus, it possibly contains errors,
hopefully, more of a typographical rather than a technological nature.
Nonetheless, the information contained is of a high professional level,
reflecting the efforts of the workshop participants and will be invaluable
to the planning and successful execution of the Agency's near- and far-
term advanced technology program.

Stanley R. Sadin
OAST Space Theme Workshop
Chairman
NASA Headquarters
Study, Analysis, & Planning Office
Office of Aeronautics and
Space Technology



RANKING OF CRITICAL TECHNOLOGY NEEDS FOR EXPLORATION OF THE SOLAR SYSTEM
THEME

The single most essential component of this theme, which is focused

on enabling intensive study of the outer solar system, is nuclear
electric propulsion and power capability. Thus, the first four
initiatives, in order of priority, are directly related to this critical
area as follows:

The thruster system (no. 1) is the propulsion unit for the nuclear
reactor. Time phasing brings it to technology readiness in the 1990
period when the reactor is scheduled to be operational, assuming items
2,3, and 4 have been successfully developed. They are technologies
where readiness must be demonstrated before the decision to proceed
with the nuclear reactor can be made with confidence. Initiatives 2,
3, and 4 can be demonstrated within the next 5 years.

Autonomy (no. 5) is essential for missions beyond real time
communication response. End-to-end data management (no. 6) is
required to reduce the quantities of data to essentially a real-time
flow of desired information. Artificial intelligence (no. 7) is
required to exert autonomous control in a logical, goal-oriented
manner. The imaging arrays (no. 8) are an essential component of
several advanced remote analytical sensors. The earth return, heating,
flow field, and stability initiative (no. 9) addresses survival and
control of atmospheric probes in planetary atmospheres and during
sample return to earth.



STRAWMAN PACKAGE FOR THEME # 10
EXPLORATION OF THE SOLAR SYSTEM

The attached strawman theme package follows the
hierarchical structure outlined on the attached figure,
omitting the first item, the theme; the package starts
with the two missions and builds from there.

It is provided to five the working groups something
to react to and to indicate the format desired.
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April 12, 1976

,‘o V. Powell .

L. Friedman
EXPLORATION OF THE SOLAR SYSTEM

OAST THEME PACKAGE

Missions

Two major strategies for exploring the solar systom hava been identified; one
focuseas on the return of information, tha other focuses on the return of mat-
ter. These two approaches arc necessary for rcalizing exploration objactives:
detection of life, understanding of dynamic procensas uffeccting our environment,
comparative planetology investipation, undcrstanding the origin and evolution
of the planaets, etc.

The approaches are not exclusive and a judicious mix of the two will most likely
yield the highest raturn. E.G. ntmosphcric investigations are not good candi-
dates for sample return -- the sample containment and preservation is difficult;
and the in-situ inxtrumentation for analysis 18 well-developed. On the other
hand, remote age~dating is thought to be very difficult compared with geo-
laboratory techniques, while the return of rocks 48 not a terribly difficult
:echnologtcal problem. Thus solid surfoce sample return is a good mission can~
idate.

The idea of a Planetary Exploration Facility has becn developed to facilitate
the return of information. The facility is a gencric concept to (1) perform
remote sending of the planet or target, its atmosphere, gravitatjon distribatios,
magnetic field, etc., (2) serve aas a launch platform for atmospheric prodbes,
penstrators and rovers to a planet's surface with in-uitu sample collection and
analysis capability, and (3) have on-board data processing capability for trank-
mitting final information to Earth. The Facility is very much an orbiting
automated space station with the component vehicles such as probes and landers
serving as its remote "arms". Elaberation on the functions and required tech-
nologies 1is given below.

The Sa=ple Roturn Mission cencept logically breaks into funmctions based on the
tnission scenario. Thesa are also discussed helow. It might bo thought that

the Sample Return and Exploration Facility are alternative concepts, but study
of each shows that not only cre they complementary (as discussed above) hut they
lead to similar requivements. They both require laboratory capability to iden-
tify, retrieve, analyzc and recact to sample daca., In the Facillty swre advanced
fnstrumcntation and data managecent functions pravail, while {n the Sample
Return there is more of a prenium on Propulsion and Mission Performance. Hut
both mission concepts arc needcd in parallel and both require development of

new cnabling, lower cost technology to manage and acquire scientific data about
the targets being investipated. Partial autenomy in nission navigation is re-
quired for Sample Return Rendezvous, as well as with the Facility's Orbit
operations; similarly for certain in-situ annlysis techniques. Further examples
and specific recommendations are discussed in the following sections.
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For the purpose of Iidentifying functions and technologies for the roturn of
information and the return of matter, an effort was made ro assurc inclusion
of tha tachnologics required by the Lxploration Facility; howaver, technologics
identified were not limited to that mfission.

Eunctions

Punctional capabilities have hoen identified in Table 1 separately for the
return of information and for the return of mactor cleasses of missious,

Since all of the functions for return of information appecar to be required for
raturn of matter, the functions listed undar retura of matter may be agssumed to
apply to both and the functions under roturn of matter are limited to those
vhich aro unique to the recturn of matter missions. The functional capabilities
were selected to provide an umbrella for all the required technologics.



Thema:

Migsions:

Punctions:

1,

3.
4.

5.

7.
8.

10.
11'
12.

Exploration of Space

Return of Information

Acquiring Information
(a) Ineitu

(b) Remots

Datas Processing

(a) Science

(b) Eugineering
Communication

Util{zation of stored energy
and external energy for power.

Utilization of stored energy

and external energy for
propulsion.

Electromagnetic transfer of

energy.

Processing micro structures.

Processing of macro atructurss.

-Attitude control.
Navigatioa.

Environmental protection.

Atonomous systems.

Table 1

April 12, 1976
R: V. Powell

Return of Matte.

1. Acquire rample.

(a) Solid body

(b) Atmoaphere

(c) Comet
2. Preservarion of.lnnplc.
3. duaruntine handlings
4,  Aecent propulsion.
5. Ascent navigation.
6., Recovery of sample.
7. Sanmple receiving and

storage.

(All functions from Return
of Information apply).




1.  ASSMIRING INVORMATION (IN-8ITU & REMOTE)
SENSORS FOR PIANETARY AND SATRLLITE INFORMATION ACQUISITION

The Sensors New Initiatives address mevoral mission-driven sets of
sensors. Several assusptions are made in putting forth these initiatives.
The assusptions aret

1. A sct of nission models will be established as policy guidcs
s0 tha priority of development of particular sensors within
each initiative can be sstablished,

2, Missicn analysis and spacecraft design concepts will evolve
in parallel with sensor technology so that sensor develop-
ment vill advance in concert with practicsl applicabdility

(1.8, priority adjustments).

3. A program of instrument development will be estabiishad to
bridge the gap between evolution of basic sensor technology
under these initiatives and actual flight project phasing.

The following iniciatives are broken down by categorfes that Intcrnally
allov for maximum synergism in a mission sequence, and where sensor and sup=
porting electronics have ovaerlapping characteristics and/or cosmonality.

A, Electromametic Spectral Sensors

Sonsors in the spectrum from 0.2 microns through S-band radar
are needed for remotc sensing of planetary and satellite atmospheres
and remote sensing of surface and subsurface geological fcatures.
This category includes toth pasaive and active sensing, and some sup-
porting tcchnology, such as sensor cooling. Interactions with attitude
control and platfora pointing developments will be required to achieve
maximum data return, These sensors can be useful both in planetary
orbiters and flybys, and from large telescopes im Earth orbit,

B. Remote Hipgh Energy Particle and Radistion Sensors

Sensors designed to detect high-energy particles as well as X-rays
and gasma toys can be used to obtaln planetary surface snd subsurface




c.

compositional data. Along with the basic semscr elements, long-torm
sensor cooling is required as enabling technology.

Fieldes and Particles Sensors

The interaction between the solar wind, planctary atwospheres and
atmosphereless planctary surfaces are fundamental to planetary svolution
and 'aleo yield much informarion of basic plasma physice which can help
lead the way to developing technolugy for energy development here on
Earth, These sensors will help define the total mass and cnergy distri-
bution in the solar system, as well as establish interactions with galactic
and extra-galactic fields and particles sources.

Atwospheric In-Situ Sensors

The direct measurewcnt of atmospheric characteristics through the use
of sensors on cntry probes provides the most specific chemical informstion
gathering and the most definitive cowpusitional gradient data. Current
probe developments point the way for futurc strategies, but are limited
by size, weight, power, aud data tranamission constraints. The informa-
tion incresee that will be afforded by future increases in payload cap-
ability can he several orders of magnitude over that under prosent develop-
went.

In-Sity Sensors

Direct weasurements of planetary surface and near-surface composition
ag well as weathor behavior can be measured by fixed and roving landors.
The basic model for such sensing will be evolutionary from the Venus and
Mars probes presently under development. Advances in sample handling
and compositional specificity arc required to nbtein definicive new data
on planetary evolution., Also, the current dynsmics of planetary geology
can be studied through use of gravity and scismic sensors.

Biological Sensors

The search for extraterrestriel 1life will continue with varying
degrees of intensity, pending the outcome of the Viking findings. The
sensing techniques required for bioloyical stuAias have praven rn demand



long and intensiva developmental activities. The atrategy for future
developments in this area depend so acrongly on the i{mainent findings
from Viking that no new initiactive is proposed hure, though ors should
be developed as soon as definitive findinge are available from the life
datection studies of Mars.



PRELIMINARY PROGRAM PLAN

FY 1978 Nev Initiative

Title: The Development of Remote Electromagnetic Sensors for Plsnetary Exploration
Lead Pield Cemter: J?L
Supporting Field Centers: Goddard, lLangley

Specific Objectives and Targets: The cbjective of this {nitfative is to develop sensors for remote sensing of
planetary bodies in a continuous spectrum from 0.2 microns to S-band radar. Sensing in this spectral range allovs
sensing and internal consiateccy checks for both composition and distribution of atmospheric constituents and sur-
face and subsurface structurc. Also, significant inferences as to planetary weather can be done by sensing in this
region. Some of the specific semsor development proposed is: mniddle-U?V large-area 1CCD's, near-UV large-area imag-
ing arrays, large-area array visual imagers, large-area image array mosaics, near-IR area arrays, niddle and far-IR
line arrays, submillimeter and microwave sensors, optics, antennas, and appropriate cooling systems.

Justification: Advauces in this sensor technology will allow complete synergistic data on planetary atmospheres
and significant data on uncbscured surfaces. With attendaot advances in on-bosrd dats processing, it will be pos-
sible to send back data on the distribution (compositon) and migration {weather) of planetary surfaces in a form
which will be directly useful (weather maps, vertical distributfions, chemical reactions sources and sinks, etc.).
The increase in planetsry information is explosive - far exceeding the goal of 1000 times increase - becveen de-
velopuent of new sensors, increased data rates, and expanded mission opportunities with Shuttle launch capabllity.
The cost per bit of information will be reduced more than an crder of magnitude over curreat missious. These saxe
sensors and application techniques can be used directly from Earth orbit both to study the planets from large tele-
scopes and to monitor simdlar paramecers on the Earth. Also, with appropriate telescopes and pointing accurscies,
significant observatory phase data can be obtainad during iaterplanetary cruise.

Resources: (FY '78 §) FY '718 FY '79 FY_'%0 Fy_'si FY ‘82 ATC Total

Total R/AD MOA (§ 10 1.0 2.0 3.0 3.0 3.0 12.0 24.0



PRELIMINARY PROGRAM PLAN
FY 1978 Mev Initlative

Title: The Development of Righ-Energy Particle and Radiation Sensors
Lead Field Center: JPL
Supporting Field Cemter: Goddard

Specific Objeztives and Targets: Sensors for detecting X-rays, gamma rays, alpha particles, beta particles, and
neutrms can be used to assess surface and subsurface compositional elements by remote measure~ents from satellite
altitudes. Technology advances are required in both sensor techmology and long-life, low-temperature cooling appa~-
ratus to enable this techaique on loug-duration missions.

Justification: This sensing technique has been limited to Earth orbital and Lunsr measurements because of senzor
weight and size. Shuttle launch capabilities and advsnces in cooling technology will allow improvements in sensor
capability and extension of this powerful method to a wumber of bodies in the solar aystem. Several orders of mag-
oitude increase in information can be achieved.

Resources: (FY '78 X) FY '78 FY '29 FY ‘80 FY ‘81 FY ‘82 A TC Total

Total R/AD NOA ($ M) 0.5 0.5 1.0 1.0 1.0 2.0 6.0




PBELTMINAKY PROGRAM PLAN

FY 1978 New Initiative

Ticle: The Development of Plametsary and Iuterplanetary Pields and Particles Sensors

Lesd Field Center: ’ Gaddard
S Tt Field Centers: JrL

Specific Objectives and Targets: In order to achieve an increase in data return on the planetsry and interplanetary
fields and particles, sensors need to be developed which allow for Jower noise, higher speed, and greater direction-
alicty. Applications cf chaonel multiplier arrays are an exacple of new techmology which will allow increased plasma
probe sensitivty and directivity. PFundamental sensor research is required to achieve reductions of noise in mag-
vetooeters. Poseibly, cryogenic itechniques can be applied with future payload capability to sllow new sensors to be
eaployed, and improvements ave feasible with fluxgate semusors and vector heliun magnetometers.

Justification: As missioans farther out in the solar system becowme possible, better insights into galactic and
extra-galactic influences oun the solar system can be achieved because the dominance of the Sun on field and particle
environments lessens, and will not mask other sources. Also, interactions betwveen fields and particles and planets
must be better understood to determive plsmetery evolutionary processes.

Resources: (FY 78 §) FY '78 FY '79 FY '80 FY_'s1 FY '82 4 IC Totsl

Total R/AD WOA (5M) 0.3 0.5 0.8 0.8 0.8 1.6 4.0
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Resources: (FY ‘78 §)

PRELTMINARY PROGRAM PLAN

FY 1978 Rew Initiative

Title: The Development of Atmospheric In-Situ Semsors

Lead Field Center:

Anes

Supporting Field Centers:

Specific Objectives and Tacrgets:

The performance goals of probe instruments is severely constrained by present
weight, pover, volume, and data tramsmission canability. With future payload growth and evolution of data analysis,
compression, and transmission capabilitfes, orders of magnitude more information can be gethered by probes descending
or ascending a planet's atmosphere. Phyaical properties can be handled with much greater finesse with existing seusor
techaology snd chemical analysis can be more greatly extended to developing faster CC's and ¥S's with higher resolu-
tion, and developing new atmospheric sensing techniques.

Justification:

Much of the definitive assessment of planetary atmospheres is presently constrained by current pay-
load liwmiations.

Future increases in payload cipabilities will allov significant advances in probe sensor techniques.

FY '718 Y79 FY '80 FY ‘81 FY 82

4 TC Total
Totsl R/AD NOA (3 M)

0.3 5 0.8 1.2

1.2 2.4 5.4

il e i 8

re i e BT
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PRELIMINARY PROGRAM PLAN

FY 1978 New Initiative

Tictle: - The Development of Planetary Surface of In-Situ Sensors
lead Field Center: JPL
Supporting Field Cen:ers: Axwes, Langley

Specific Objectives and Targets: The following sensors will allow significant increases in the knowledge of plan-
etary surface/subsuriace composition: 1) multispectral imaging in the visible and IR; 2) mass spectroceters with
increased mass rarge and spectral sensicivity, and w’th solids aralysis capability; 3) nuclear magnetic resonance
spectrometers witl h.gher magnetic fields and dust sampling capability; &) X-ray fluorescence sengors with improved
solid-state detectors, optimized X-ray sources, and geometric improvements; S5) ion, electroa, and visible micro-
scopes with vacuuxr hmdling capability; 6) alpha scattering sensors of righer resolution; 7) thermodynacic analysis
sensor using gas relaase wass spectroacopy for enthalpy property studies; 8) radar sensors for subsurface sounding;
9) cryostats, sample manipulators, and vacuum processing systems to support the above.

Justification: Amalvsis of plametary surfaces will greatly increase knowledge on the evolution of the solar sys-
tem. Methods exployed for these analyses are very sophisticated and require long lead-time developments.

Resources: (FY '78 3) FY '78 FY '79 FY '80 FY '81 FY '82 A TC Total

Total R/AD NOA (¢ M) 1 2 3 & 4 12 26



2.

Data Processing

A

C.

D.

On-Board Processing

Improvod on-board data processing and information extraction systems
are ncoded. [specially important is the need for real time process-
ing of imaging data, including high rate data from radar and multi-
spectoral instruments, algorithm development for on-board information
extraction, and an advanced modular computor architecturo having
fault tolerant characteristics with an improvement of 10 to 100
times in on-board computing capability.

Relevant New Initiatives:

1. OO Unifiod Data Processor (summary attached)
2. Artificlal Retina Systom (summary attached)

Information Managenent

Information management technology is needed to coordinate and quanti-
tativoly relate space program objectives with all elements of NASA's
end-to-end data system in an attempt to optimize cost effectiveness
associnted with space information sciences.

Relevant New Initiatives:

1, The devolopment of an Information-Managoment System for Space
Exploration (swmnary attached)

Large Capacity Duta Storage Systems

large capacity data storage systems (10°-1012 bits) will be needed in
the next decade for the exploration of space. Optical memories and
high density semiconductor memories need to be exploited to meet this
requirement,

Proposed New Initiatives:

1. [llolographic memory (not written)
2. Llarge capacity semiconductor memories (not written)

Software Research

Software research is needed to curtail the rising cost of software
applications in our space missions. Techniques are nceded for design-
ing and developing computer programs, testing them, verifying their
correctness, and maintaining them. Contributing disciplines include
higher-order languages, automated programming and program verification,
operating systems, campilers and assemblcrs, data system architecture,
structured programming, and others.

Relevant New Initiatives:
(To Be Determined)




PRELIMINARY PROGRAM PLAN
FY 1978 New Initiative

Jitle: : CCD-Unified Data Processor
Program:
Le2ad Field Center: JPL

Suggorting Field Center: LARC

Specific Objectives and Targets: The objective of this program is to develop and demonstrate & CCO-Unified
Deta Processor System (UDPS) to provide greatly increased cn-board and ground data reducticn capadility

at reduced costs. The UD?S will utilize the newest CCD and microprocessor technology to achieve a design
which is nodular and programable for multiple applications. The processor tapabilities will be applicable
. to 3 wide range of microwave and rulti-spectral imaging systems and will include radar data processing, data
conpression, clustering, classification, registration, filtering, convolution, and transformation. The out-
put of this task will be a fully tested breadboard which will demonstrate the technology. The breadboard
will be completed in 1930 and will undergo final tests in 1581,

Justification: Imaging radar and higher resoiution multi-spectral imaging systems produce data rates which
are difficult to handle fn an efficient and cost effective manner. CCD and microprocessor technology offer
3 practical solution to the problem. This program supports the NHASA goals of 1000X increase in mission capa-
bility and 10X reduction fn cost. The UOPS is expected to increase data processing speeds by 10 to 100,
reduceldeta storage requirements by 5 to 50, and provide an overall 1000-fold increase in ground reduction
capadility.

Resources: (FY'78 §) FY'78 F'79  FY'sd FY'8) FY'az BIC  Total
Total R3AD NOA {$.M) 0.8 1.3 0.6 0.5 0.2 0 3.2




PRELIMIRARY FROGCRAM PLAN
FY 1978 New Initiative

Title: L Artifictal Eetiua System
Program:

Lead Ficld Center: JrL

Supsertisg Ficld Center:

Specific Objcctives and Tarpers: Develop an artificial retina system which will reduce the quantity of data trans-
nitted trom 3 spacecraft imaging system, and increase the information level of that data. A photorcceptor array
izbedded 10 a lugic matrix on a silicon LSI chip vill provide real-time parallel image processing,.which is considerably
faster than sccial (raster) readout; the logic will execute alzorithms which pre-process the raw data to a level vhere
features can be extractec (contour, texture, =oticn, etc.). A stereo pair will provide depth iaforaation; sets of
speczrally filltered ele=ents dectermine color. These features, on primitives, will be transmitted to central facilitie:
for further processing by high-level software programs which will interrelate and interpret them under interactive

hu=an control. CUnder operator guidance, the high-level prograzs will control the (low-level) algorithas on the LSI ch p.
For adequatc spatisl resolution, the LST chips will be fabricated in a high-density technology.

JUSTIFICATION: Planetary and Earth-orbiting wissions will rely heavily on imaging systems for information gathering.
Current rethgds usc TV cameras to transmit raw gray-level Jdata to Earth in serfal streams. Because of the large quantity
of cata ( 10 bSits/frame) this is slow, cunbersome and cxpensive. The artificial retina system will be faster, :
moce efficient, ané lcss expensive to operate. The silicon technologies required for this system exist separately tod:y:
silicon TV vidicons, large logic arrays (e.g. microprocessors), high-density lithography (eclectren-dcam or x-ray).
Algorithms fcr parzllcl imoge processing and feature extraction have been develored to a very lizfted extent, using

se21l hard-vired breadboard systems to sinulate simple image patterns. High-level prograns are being developed for seria.
2ata systems, for want of parallel-data hardvare. A different approach to the problem is being pursued ac Coddard Space
Flight Certer: if the wires and logic elements of a gencral-purpose computer were replaced one-for-cne by bundles of
fider optics and arrays of photoconductors, existing—or slightly modified—programs would sizultanecusly process the

data of all channels, thus achieving parallel processing. ;
Resources: (FY'78 §) FY'78 FY'79 FY'SB0 FY'3)l °“FY'82 ATC Total
Total R/AD MOA ($,M) 0.5 0.8 1.2 1.5 1550 12178 7.0
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PRELIMINARY PROGRAM PLAN
EY 1978 Nev Initiative

Ticle: The Development of an Information-Management Systea for Space Exploration
Progran: )
Llead Field Center: JrL

Supportinz Ficld Center:

Snecifiz Mpbjectives and Targets: The objective of this initiative i{s to develop a methodology for managing, in a
coordlnated —anmer, all eliccents of NASA's space information systea. The emphasis of the objective is to be zble to
quantitatively relate space progran objectives with all eleleats of RASA's end-to-cnd data system in an atzecpt to
cptirize cast effectiveness associated with space information aciences. The progrom will include: (1) the ideacifi-
cazion arné analysis of Lhe ele=cnts of the NASA space-information system; (2) the relationship bérween bit rztes and
joformation trazsfer; (3) the devcloprent of a pethodology for: (a) specifying quantitative information-related
prograa objectives; (b) establishing an information-management rationsle for the acquisition processing, storage,
retrieval, ani distribution of spacecraft dats; (c) allocatioa of data channel capacities and bandwidths for coa-
peting erperizental data types; (d) quantitatively determining and allocating the quality of data processing required
for each cierent of the ernd--o-end data systcm to assure overall coopatibility of the system; (3) measurement of end-
to-end daza system performance; (f) controlling the perfcrmance characteristics of the end-to-end data system.

Justificatfon: Im 1962, the telemetry bit rate froa the Mariner 11 spacecraft to Venus was 8 1/3 bps at encourter.
By 1972 the telezetry bit rate for Maricer X had’incteased to 117,600 bps. It i{s projected that by 1550 the bit rate
fror only cne Earth-orbiting mission will be 1012 bits/day; this 1s enough data to fill approximately one million
300-psge books in one day. Presently, there exists no overall plam, nor even a methodology for developing & plam,
for either limiting or coping with all the data being transaitted from space vehicles. If this situation 1s permicted

to contiave, zissiors will become progressively more cos: ineffective due to our inadility to relate data-handling cost:
to uission ohjectives.

Resouzces: (FY'78 §) FY'78 7¥Y'79 FY'S80 TFY'81 TFY'B2 . ATC . Total

Total R/AD NOA ($,M) 1.0 3.0 5.0 5.0 5.0 5.0 24.0



PRELIMINARY PROGRAM PLAN
EY 1978 Meuv Initiative

nsu;‘ B The Development of an Informatfon-Mansgement Systea for Space Explorstion

Lead Tield Center: Jrn

Supporeting Ficld Centec:

Snecifiz Majoctives and Targets: The objective of this inftiacive is to develop a methodology for mansging, in »
coordinatyd —anner, all elccents of NASA's space information systea. The emphasis of the objective is to be sble to
quantitatively rclate space progran objectives with all elelents of NASA's end-to-end data system in an atteept to
optiztze crst ef fectiveness associated vith space informotion acliences. The progren will fnclude: (1) the fdentifi-
cazion ané anzlysis of Lhe elemonts of the NASA space-information system; (2) the relationship bérween bit rates and
fsforaation transfer; (3) the devcloprent of a vethodology for: (s) specifying quantitative information-related
prograa objectives; (b) establishing aa information-management rationsle for the acquisition processing, storage,
retrieval, anj distribution of spacecraft data; {(c) allocatioa of data channel capacities and bandwidths for coa~
peting experizental data types; (d) quantitatively determining snd allocating the quality of data processing required
for each clereant of the end-<o-end data systcm to assure overall compatibility of the system; (3) measurement of end-
to-end 4323 systea performance; (£) controlling the perfocrmance characteristics of the end-to-end datz systew.

Justificatton: In 1962, the telemetry bit rate from the Mariner II spscecraft to Venus was 8 1/3 bps at encourter.

By 1972 the tolmtry bit rate for Marfcer X had_increased to 117,600 bps. It {s projected that by 1590 the dit rate
fror only ore Earth-orbiting mission will be 1 3 bits/day; this is encugh dats to fill approximately one nillion
300-page books in one day. Presenrly, there exists no overall plan, nor even a methodology for developing & plas,

for either limiting or coping vith all the data being transaitted from space vehicles. If this situstion 1is perwictel
to cortinue, missions will becooe progressively more cos: ineffective dus to ocur {nsdility to relste dats-handliag costs
to uission ohjectives.

Resouzces: (FY*78 §) FY'78 FY'?9 FY'S0 TFY'SL TY'82 . AIC . Total
Total R/AD MOA (3,10 1.0 3.0 5.0 5.0 5.0 s.0 24.0
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3. Commnication.

A.

C.

Active, modular, suiti-beam, multi-frequency, phased array antenmss.

. Thase antennas, with self-contained, distriduted transmitters and

low-noise preamplifiers can provide high relfability with ?ncefu‘l
failure. The modular aspect provides extrome flexibility in gain or
spatial coverage for different missfons. Beams are electronically
steered and individually controlled. Thus one antenna can provide a
1ink to Earth, plus a probe 1ink (or probe links) simultaneously. May
a)so be applicable to probes, landers, or sub-vehicles (in lower orbit
than master spacecraft). :

Relevant New Initiatiyes

Technology for high data rates from outsr planets.

Perform analyses and tradeoffs on techniques for high rate data return
to Earth from Jupiter and beyond. Consider data rates to 5-10) mbps,
perhaps even higher. Consider high-power transmission vs. large
antennas, plus appropriate modulatfon and coding. Potential for
optical cramunications to Earth orbiter should also be considered.

Relevant New Injtfatives

Relay Communfcations

Perform analyses and system studies of cost effective configurations
for relay communications from probes, landers, or sub-orbiters thry
the master spacecraft to Earth. Consider relay link modulation and
coding, relay point data processin?. and cousunications constraints
due to misston geometry. Applicable to Jupiter Exploration Facility
plus numerous precursor probes, penetrator and lander missions.

Relevant New Initiatives
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Doppler and Ranging on Spacecraft

Perform study of system requirements, develop alternative system
configurations, and analyze system performance for doppler and
ranging measurcments performed on spacecraft. This measurement My
provide informatfon for autonomous navigation of a master spacecraft
or for locating landers, probes, or sub-orbiters from a master space-
craft. This task will {dentify stability requirements for the space-
craft reference oscillator. A separate development for this ultra-
stable oscililator may be required.

Another spinoff may be requirements for secondary probe oscillator
stabflity to meet location accuracy requirements with one-way doppler
measurements.

Relevant New Initfatiyesg

Data Compression/Pre-Processing

Techniques for data compression, and on-board pre-processing to reduce
data trasnfer rate is requived for high data volume outer planets
missfons. This activity, conjunction with high data rate technology
should provide {nformation for cost effective trade-offs of the two
options (high rate vs. compression/processing).

Relevant New Initiatives

Radar Mapping

Develop technology for high resolution, long range mapping of outer
planets/satellites from orbiters.

Relevant New Inftiatives
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6. Fault Tolerant Hardware

Develop technology for hardware with self-diagnostic, self-repairing
capability.

Relevant New Initiatives
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4. Utilization of Stored Energy and External Energy for Power

A

c.

Solar Energy Conversfon and Storage

Advancements in'solar energy conversion and storage systems
are required to satisfy future nceds for large amounts of
on-board powar, increased array lifetime and reliability,
and reduced cost. These goals include (1) thin, high end-
of-1{fe efficiency, radiation-resistant solar cells; (2)
Mgh-mr-density solar array; and (3) automated module
fabrication methods. These efforts are all presently part
of the RAT base effort. .

levan Ind
(1) Gallium Arsenide Solar Cel) Arrays
(2) Pnotochemical Solar Emigy Conversion

(3) Automated Module Fabrication 1s a potential New Initiative
candidate.

Chemical Energy Conversion and Storage

More reliable, higher-energy-density primary and secondary
batteries with usefyl Vifetime of up to 10 years are needed

for deep space missions, planetary ordbiters, and planetary

gnbes. These goals are bein? achieved by developing long-11fe,
{ghtweight nickel-cadmium cells, batteries for advanced missions
(including probes), and advanced battery controls.

leva A {
(None. RAT base program)
Nuclear Energy Conversion and Storage .
Radioisotope tharmoslectric generator (mi power systems of
graater performance, lifetime, and relfadbi 1t¥ and lower cost
are needed for planetary missfons in the 1980°'s. For the period

starting in the early 1990's, missions irinﬁ power levels of
100 Kw Or more are being considered, and for such applications,

reactor power represents either an enabling technology or potential

major cost savings.

Belevant New Initiatives
(1) Nuclear Thermionic Power System Technology

(2) RTe r 1s presently an RLT base progrem, but a potential
New Initfative candidate in this ares is: High-Performance
Thermoelectric Material Development. ,



D. Power Processing and Distridbution

Advancements in the technology of power processing and distri-
bution are required to provide higher performance, longer 11fe,
higher reliability, lower weight, and reduced cost. Modular
designs for the major power processing elements (such as
regulators and inverters) having active, rather than standby,
redundancy are being developed as are system configuration and
{ntegration concepts, to meet the stringent requirements which
are foreseen. Also being developed are the techniques and
hardware required to ground test, control, and verify the
performance of thess new flight-type systems.

Relevant New Initiatives
(None. RAT base program)
E. Energy Systems

Planetary missfons under consideration for the future pose
requirements which make {ncreased autonomy of r system
operation not only beneficfal but required. Also to achieve
technology readiness for near-Sun missfons (e.g., Mercury
orbi:erz. certain advancements in power system technology are
required.

Relevant New Inftiatives

(1) Automated Power Systems Managsment (presently in R&T
base program, but 1s potentfal New Inftfative candidate).

(2) Advanced Power Systems Technology for Near-Sun Missions
(not written yet, submitted over-guideline for FY'77
RAT base programf.

(3) Gallfum Arsenide Solar Cell Arrays
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PRELIMINARY PROGRAM PLAR

FY 1978

TITLE: Galliun Arsenide Sclar Cell Azrays
PROGRAN: R$T Base~-Multidisciplinary RT

LEAD FIELD CENTER: JFL

SPZCIFIC O3JECTIVES ARD TARCEIS: Proof of coocept demonstrction of high-efficliency, 1ight weight
CaAs solar cell array at 1 kW output for space power applicstions.

JUSTIFICATICH: - Large amcunts of electrical power will be required for culti-purpose space power
platforns (MIS?PP), space laboratories, and ccrtain spacecraft in the period beyond 19680. The
required large power would be wost econcmically genevated with solar cells. Rowever, the solsy
cells cust be icw cost, light weipght, highly efffcicat and have Iong lifetizes {n space sicce
the fnitial fabrication aad launch costs will be a significant part of the total systez cost.
This is particulatly true for the space powcr sztellite concept. Callius arsenide (GoAs) solsr
ceils arc potentially far supcrior to silicon solar cells because: (1) they have greater
efficiency as alrcady demonstrated dy laboratory devices, (2) are wore radistion resistant
Jeading to much longer liletimes In space, (3) czo orerate at higher tezperatures oore efficiently
alloving for the use of soler conceatration, and (4) pctentially lighter weight and lover in
cost becouse GzAs cells require only several wmicroorters thickoess as cozpared to 100-200
cicro=eters for stlfcon. The latter bencfit cozcs about froa the high light absorption fa
GaAs and the concosittant sbilfity to use eitler polycrystalline thin filcs or ultra thin single
crystals which caa Se growa by vapor phate epitaxy om reusable crystalline sudstrates. More~

over, the lerge array applications require technical developeoent well beyond current stlicon
solar cell state-of-the-art or even potential.

RESOTRCES: (FY 1978 §) FY'78 1’29 rr'so FY'83 FY'82

Totzl
Total RAD ROA ($X) 0.5 9.5 1 1 1 4
Dirvect Nanpower 3 S 7 ? 7 n

P
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PRELIMIRARY PROGRAM PLAN

FY 1979 MEW INITIATIVE

JITLE: Photochcaical Solar Energy Conversion
PROCRAM: R & T Base-Multidisciplinary R & T
LEAD FI1ELD CENTER: Jet Propulsfon Laboratory, Csliformia Institute of Techmology, Pasadena, California

SUPPORTING FIELD CENTER(S):

SPECIFIC OBJECTIVES AND TARCETS:

Conversion of solar energy directly iato storable chewical energy or wmore efficient counversion to
electrical energy. TABGETS: Photochemical hydrogen and photovoltage generation - end 1980. MNydrogen
generatfor device - 1981. Solar cell device - 1982. Scale-up systems ~ end 1983.

JUSTIFICATION:

Pruscat solar energy coaversion systems suffer from inefficiency and the need for storzge of the energy
produced, e.g. by batterles. The proposal {s predicated on sufficient Research Program support to more
firmly lay the fouadation for the work and to assess some preliminary systems. The work proposed here

would cxpand these results and by 1983-85 carry the investigacion to the poiat where assuming success,

pllot plant studies could begin.

RESOURCES: (FY 1978 §) 7 Y78 FY79 FY80 FY81 FY82 BIC TOTAL
TOTAL RED MOA (§,K)* 126 123 120 183 148 700

DIRECT CIVIL SERVICF MANPOMER
DIRECT SUPPUKT SERVICE COXTRACIOR MANPOWER
RESOURCES SUPPORT ASSUMED FROM OTHER

SOURCES (R&D §, X) (MASA, CODE RR) 110 123 114 124 473

SOONTRACTED RAD + IN-NOUSE DIRECT RESEARCH ¢ INS



PRELIMNINARY PROGRAM PLAN

FY 1978 NEW INITIATIVE

TITLE: MNuclear Thermionic Power System Technology
PROCRAM: Ruclear Energy RST

LEAD FIELD CENTER: Jet Propulsion Laboratory

SUPPORTING FIELD CENTER(S): Lewis Research Center

SPECIFIC OBJECTIVES AND TARCETS: Nuclear space pover represents an enabling technology and/or potentfally
large cost improvement for advanced NASA missions. Prior to commitment to 8 msjor space nuclear system
development program that is presently estimated at $300M, a low-cost system demonstration {s needed that will:
(1) prove thc rcadiness of nuclear system technology for full scale development, (2) provide dctailed technicsl
and programmatic inputs for NASA s:ragement planning, (3) test our ability to intcgrate a complete, large powiy
subsysteam, (4) qualify the system design, (5) quantify system inputs to NASA mission design, and (6) reduce
significently the follow-on nuclear system developmeut risks.

JUSTIFICATION: HNASA's payload model and advanced mission studies are indicating a requirement for full-scale
nuclcar rcactor systeas development commcncing by approximately 1982. The System Technology Program proposed
for FY 1978 is the most cost effective approach to that requirement. Integrated system demonstration will
reduce costs by eliminating developaent risks and assuring optimum development plamning prior to a final
managezent dccisfon to commit major resources. Close coordinaction between nuclear power system technology

direction and applications planning is caphasized tc insure that all NASA large power needs can be met over
approximately 10 years of flight applfications.

RESOURCES: (FY 1978 §) FY78 FY79 FY80 FY8i FY82 BIC TOT/L
TOTAL R&D KOA ($, M)* : 3.0 3.7 3.3 2.7 1.5 0 13.7
DIRFCT CIVIL SERVICE MANPOWER 5 5 5 5 S 0 25.¢

DIRECT SUPPORT SERVICE CONTRACTOR MANPOWER
RESOURCES SUPPORT ASSUMED FROM OTHER
SOURCES (R&D §, M) (SPECIFY SOURCE)

SCONTRACTED R&D 4 IN-HOUSE DIRECT RESEARCH + IMS

Radi o



5. Utfl{zation of Stored Energy and External Energy for Propulsion

A.

Chemfcal Propulsion, Near Term (1980-°'8S)

The chamical Propulsion program objective 15 to provide the
technology to meet the continuing need for cost reduction

tn propulsion, for versatile, high performance systems suit-
able for long duration planetary missions including suitable
ascent propulsion for sample return missions.

(1) Space Storable (F,/N,H,) Liquid Propulsion
Relevant Now Inftiatives

(a) RNone. This program already has been established.

(2) High-Parformance, Low Cost Solids

Relevant New Initiatives

(a) Quench Thrust-Termination Assembly (QTTA)

Solar Electric Propulsion Near Term (1980-'85)

The solar electric propulsion program objective is to provide
the technology for high specific impulse (greater than 1000
seconds) electric propulsion systems needed for advanced
capabilities in near-earth and planetary/interplanetary appli-
catfons; and, in addition, establish and demonstrate the
technology for luny 1ife, africieit, 1fyntweight, station
keeping and attitude control systems.

(1) Primary Propulsion (Ref. Paragraph 4.A. Solar Energy
Conversion and Storage)

Relevant New Initiatives

(a) Initiatives for near-term applicatfons (1980-1990) to be
determined.

(2) Auxiliary Propulsion
Relevant New Inftiatives
To be determined

Nuclear Electric Propulsion Far Term ('90 on)
(Ref. Paragraph 4.C. Nuclear Energy Conversfon and Storage)

The utiitzatfon of nuclear energy for electric propulsion is
dependent on the successful development of energy conversion
devices several of which are l{sted under Paragraph 4.C. Nuclear
Energy Conversion and Storage.



Releyant New Inittatives
Yo be determined
Advanced Propulsion Concepts (New Horizons) Beyond 2000
The propulsion few horizons program objective is to generate
new propellants and propulsion concepts which have the potential
for spacific fmpulse of 1000 seconds or greater. A list of tasks
currently under consideration within the discipline R and T
category 1s as follows:
(1) Metallic/Atomic Hydrogen
(2) Excited Specles
(3) Laser Propulsion
(4) Solar Satling
(5) Detonation Propulsion
(6) Util{zation of Planetary Atmospheres for Propulsion
(7) Use of Indigenous Materfals for Propulsion
(8) Energy Exchange Mechanisms

{9) Matter-Antimatter

Relevant New Initfatives

To be determined
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PRELIMINARY PROGRAM PLAN - EXRCUTIVE SUMMARY (#- 1 of 2)

PY 1979 MEW INITIATIVE

TITLE: QUENCR TURUST ummuoi ASSY (QTTA)

PROGRAM: OAST

LEAD CENTER: JPL

SUPPORTING FICLD CENTER: MSFC

SPECIFIC ORJECTIVES AND TARGETS:
(A) OBJECTIVES

Provide a two-burn on-command liquid-quench thrust-texmination system suitable for adaption and use on the
upper stage of the Shuttle/IUS transportation system.

{B) PUASE DESCRIPTION

o Phase 0 (FY77/18 on-going OAST Technology Program)Complete analytical and small experimental research
motor demonstraticn firings to verify liquid quenchability of Class 2 solid propellants. PFull
scale quench demcnstrations using Class 7 double basc propellants have been successfully
denonstrated to date. ’

o Phase 1 (FY79/80) o0 Definc stop/restart stage requirements

0 Coaplete preliminary stage design

© Complete full scale motor/guench design ,

© Complete 6 subscale stop/restart solid rocket test firings
o

© Phase 2 (FYB81/82) Conplete stage design and performance estimates; complete 4 full scale stop/restart

solid rocket test firings.

© DPhase ) (FY83/84) © OComplete 3 full scale prototype stage propulsion ground tests.
© Phase 4 (FY85,86) o Complete 1 flight proof test demonstration



(P. 2 02 2)

JUSTIFICATION:

The addition of a simple low-cost quench thrust termination system, which provides multi-burn capability to
traditional single burn s0lid rocket motors will:

o Increase payload capability by allowing optimum orbit transfexs and/or reduce the number of shuttle
launches required.

‘o Provide groater Shuttle/IUS operational flexibility to more effectively accommodate a wide variation
of payload weights and differcing payload orbit requirement:.,

© Continue to maintain basic advantages of solid propulsion's low-cost, simplicity, high reliability and
minimal launch support effort.

RESOURCES: (FY 1978 § W) Phasc 1 Phase 2 Phase 3 Phase 3

—_— e -
19 s 8 82 8 8 8

i TOTAL R&D NOA ($,M}) (JPL; 11 7 2.8 1.2 = e em em
: {MSFC) «1 .2 P | ] -— —~ - -
DIRECT CIVIL SERVICE MANPOMER (MPSC) el .1 i 3 -1 .2 .2 -3 ol

}) DIRECT SUPPORT SERVICE CONTRACTOR MANPOWER - - - - -— -— - —

, RESOURCLS SUPPORT ASSUMED PROM OTHER SOURCES

. (R&D $, M)/osP {(JPL + Contractor) - - -— - 1.8 6 1.5 ot
(MSFC) . TBD TBD TBD TBI

1.3 1.0 2,2 1.6 2.0¢ .8+ 1.8¢+ .’

Miada s
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6. Electromagnetic Transfer of Energy.

A.

Elactromagnetic Transfer of Energy

There 1s potential for energy transfer from a master spacecraft

to a sub-vehicle or lander via microwave, where the master vehicle
has excess power avallability, 1.e., NEP, SEP. Technology develop-
ment Is required in DC-RF conversion, large modular phased arrays
with electronic beam steering, and receiving antennas.

Energy transfer by LASER should also be considered as potential
elternate technique.

Relevant New Initiatives

e e e e i s A A My
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7 Processing Micro Structures

; A. Electron Beam Lithography

Electron besam lithography will enable the processing of micro
circuits/devices with lateral dimonsiuns of the order of one micron.
The development of this technology will enhence the performance of
superconducting microcircuits, ultra high density silicon micro-
electronics, and integrated optics.

Relevant New Initiatives:

1. Elecironiv uieeridls vesearch based on electron besm lithography
(sumnary sttached)

B. LSI Design

i Tho svailability and projocted usage of microprocessors and other
~ complex LSI devices is changing the way in which we view system and
subsystem architecture. Chips have become systems in themselves and
have opened the door to an array of new problems and opportunities.
Problems in testing and qualificution need to be addressed; oppor-
tunities for new dosign approaches arc hocoming increasingly prevalent. i
" In particular, fault tolerant systems can be realized more efficiently -
if fault tolerant considerations are an ‘mtegra.l part of chip designs.
‘n‘:;‘u exi:ts a noed to specify design critoria and rules for achieving
such results,

v Suggested New Initiatives:
: 1, Qualification and testing of LSI devices (to be determined)

2. ISI design criteria for fault tolerant applications (to be
deteruined)
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FRELIMIK,.QY PROSRAM PLAN
TY 1978

TITLE: Electronic Materials Research Based on Electrom Beam Lithography
PROCRAM: RAT Bese-Multidisciplinary SAT

LBAS PIELD CENTER: JPL

SPECIFIC OBJECTIVES AND TARGETS: Superconducting sicrocircufts, ulcra high density silicon
alcroelectronice, integrated optics, supercomducting wesk lirk IA detectors.

JUSTIYICATICN: Processing of plctorial dats »a boetd spacecraft srd avtonowous rovers will
tequire sa electronics techaology greatly advamced over that svailable today. Super-
conducting microcircuits and silicon devices with latersl sizes on the order of ope
micron could be the besis of such a techaaoloZy. Infornation traasfer 1a the 1580's will
nost probedbly de by optical cor=picaiion licks. Iatcgrated cptics are a vital part of
such lioks. Astroncoy froa shuttle will reguire the zost sensitive IR detectors-possidle.
Arrays of superconducticg wvesk lick drvices are potentislly such detectors. All of these
devices will code about only 1f research on them fe started today. This tesesrch will
require the eetablichacnt of sn electrom bess lithography facility.

RESOURCES : (Fr 1978 §) ry‘zs rn'z r1'80 FY°81 ‘82 Total
Total R&D NOA ($§X) 1 ) } 1 1 1 3

Direct Manpower 10 20 20 20 20 90
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Attitude Contro)

lwproved attitude control technologies are nesded in the next decads to
provide capability to meot control requirements in the late 1980's,
Control of very large daformable space structures used for antennas,

solar pover watellites, and large space wtations will require new

control concepts to meot required accuracies and prevent damage from
control forces, Planetary vehicle control will ulcimately be limited

by factors such as structural domping effects and environments, Tharefore,
adaptive in-flight control techniques must be developed which can
automatically reduce these errors. Aleo future control capabilities

will intimately be tied to improvements in hardware technolcgy.

Relevant Rew Initistives

1. Attitude and Figure Control of Large Deformable Structuzes
(summary attached).

2. Dynamic Synthetic Estimators (not written at this time),

3. Autonomous Adaptive Control (not written at this time).

4. Control Mardware and Device Developments (not written at this time).

5. Precisfon Long-Range Sun Sensor Development (not written at thie Cime).
Instrument Pointing

The ability to maintsin precise instrument pointing to an observational
target will be critical to advenced imaging spectroscopy, surface

feature determination, and reduced costs of data reduction snd proceseing.
In situ testing and evaluation of new cxperiments related to advanced
pointing technology will be needed to validate performance. The use of

a shuttle based test facilicy will accommodate these tests at s potentislly
lower cost,

Relevant Hew Initiatives

L. Science Platform Preciuion Polnting and Tracking Systew for Unmannsd
Planetary Spacecraft (summary sttached).

2, Modular Instrument Pointing Technology Laboratory (summary attschad),
3. Experiment Pointing Mount for Spacelab (not written at this tims).

4. Application of Microprocescor Controlled CCD Sensors to Instrument
Pointing (not written at this time).
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PRELININARY PROGRAM PLAN
FY?7 Rew loitiative

Title: Attitude and Figure Control of Large Deformable Structures
Program: Guidance and Control R & T
Lead Field Center: JPL

Supportiag Field Cemter(s): None

Specific Objectives and Targets: Develop conceptual design for distributed control, develop analysis tcols and
performaace analysis. Identify component developoent needs.

Justification: Por large deformable space structures surface form control will be required for accuracy and to prevent
damsge from attitude countrol forces. This program will address development of distributed control concepts and
technology (sensors and actuators) required for this control. Alsc new analysis techniques to minimize the nusber

of distributed elements snd new performance anslysis techniques which include deformation varisbles with sensing sad
actuationvariables are needed. JPL's developments in advanced control/structures interaction techaology will form

the basis for these new requirements. This developrent is consistent with NASA's pointing and control improvezents
for 10 x larger structure wvith active surface control to 1 m.

This technology provides for active comtrol of: 1. large sntennas and multiple feeds for simultanecus multiple Earth
poiating meeded to increase communication channels. Scieatiats need these anteana for radio astronosy and interferometr: ;

"2. Solar power satellites which could provide 15Z of Mational power needs by 2020; 3. Llarge space stations needed for

gzero "g" manufacturing plants, sciesce platforms, and even space colonies; and 4. Any very large structure vhere
deformstions must be controlled.

essources: (FY77 §) ni? 18 N rss Frsl  AIC Total
Total R/AD MOa (§, k) 123 125 125 152 - - 527



PRELIMNINARY PROGRAM PLAR
FY IR/77 Mew lnitiative

Title: . Science Platforw Precision Poiating snd Tracking System for Unmazaned Planetary Spacecraft
Program: : Cuidance sod Cootrol R & T o
Lead Pleld Center: JrL

Supporting ¥ield Center(s): None

Specific Objectives and Targets: To design and develop & target body referenced, inertially stabilized platform pointing
end Tracking system, culainating in &n engineering model breadboard demonstration in FY79 that will meet the sciemce
pointing requirements for a wide range of unmanned, plsaetary missions.

Justification: Desired planetary scieace return camnot be schieved with current S/C attitude and articulation control
system designe. The KASA Spsce Electronics Technology goal of providiog & ten-fold imcreasc in data acquisition
through precis® pointing by 1990 will be achieved for planetary science. Spacelab Experiment Pointing Mount (EPM) and
sdvanced ELACS technology areas will provide base for design implementation., Ability to maintain precise instrument
poiating to am observational target {s criticsl to: 1. An advenced imaging spectroscopy capability to define the
coustituents, their spatial distribution, sad their scotions within the atsospheres st Jupiter, Saturn, Uraaus, Titan,
Venus, etc., tarough utilization of recently developed multispectral imagers to provide simultsneous chemical spectra
for cach pizel of an image. 2. Surface feature deteraination of outer planet satellites, wvhere light levels are low,
to 1 kn resoclu:ios (a tean-fold improvesent). 3. Up to 50X reduction in total nusber of imsges required, resulting
{a further seqsence time for competing users and cost savings in data reduction amd processing can be schieved by the
impraved poimting, trackiag, and stability of the acience platform.

Resources: (FU76 §) n F772 Frys ry7® mso  rysa  4rc Total
Total R/AD MOA (§, X) 25 250 400 200 - - - 875
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PRELIMINARY PROCRAX PLAN
FY77 New Initiative

Ticle: Modular Instrumest Pointing Techmology Laboratory (MIPTL)
Program; Cuidance and Control R & T
lesd Field Center: JrL

Supporting Field Center(s): None

Specific Objectives and Targets: The objective is to define a laboratory facility to be carried oa the Shuttle fo:
testing i{n situ & variety of experiments assocfiated with instrumeat pointing technologies. The facility wculd consist
of scconmodatioos and support systems for the mount, stabilization subsystems, and associated controls aud displays.

Justificstion: A shuttle based test facility would allow testing and evaluating in situ, a variety of new experiments
related to advanced pointing technology at s potentislly lower cost. A MIPTL provides & pointing techoology test
facilicy in an operstional envircoment free from gravitational and atwospheric effect. MIPIL provides a cost effective
means of obtaiming user acceptasce of new technology items.

Resources: (FY77 $) F!? Fyrs FY)9 Fnse  yrsl Qic JTotal

Total R/AD WOA (8, W 3 N N 3 - - - 1.5
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NAVIGATION

Both return of Informetion and teturn of wstter missfonn eavisioned in the
purind 1983-2000 will require navigation technology beyond crlenstions antici-
pated through evolutlion ol current state of the art. BReyuirewencs ol moximus
information retura per unit cost will require critical delfvery of rhe sciened
instrunents [1eld of viev al the targer through both {1.ght path contrel and
fnstrur¥nt pointing control. In addition, sample vcturn from a molid body

will r ';’“" sdvoncen in ascent, and remdazvous and docking guidance/navigstion
tééhno oh‘ho. “the role of sutomowous ou-bosrd eystems will be unprecedented
by todsy's standerds. This will bs particularly frue on missfons to distant
tatgets vhere the rownd-trip communicatiop. ciwe exceeds the roquired reaction
time (interval betvesu the last navigation wessursment and thrust or fastrument
pointing maneuver) or pericds of commsnicstion blackout (occultation or radfo/
tracking system ancmaly). The development of Autonomous o-u.m sad Navigation
Syetem technology is just now degimning.

This material does not address the navigetion and guidence technology developments
required for remote roving vehicles for insitw informatioii/sssple .equhtuon.
This 1o covared ysder putonomous systess.

MM INITIATI
1. Autonowous Guidance end Navigation Flight/Cround Demonatration

2. Autonowous Cuidance and Navigstion Operational System
3. Low Cost Nevigation System Developmeat

LOW_THRUST NAVIGATION

1t appasrs that Lov Thrust capabilities will be required for certaiwn high
snergy missions wvhich would be of scientific iuterest. The navigation
techniques for Low Thrust missioes ave differest thsa those raquired for
ballistic wissions, and need further development. low thrust includes NEP,
SEP and Solar Sailing concepis. Existing wission desipn and analysis
softwvare to support Phase A and B studies is not uoquno tor the mevigation
analyesis prior to project approval.. ... ...

RELEVANT MEW INITIATIVES b ra—
1. Lov Thrust Nevijation Systes Technology Development
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PRELIMINARY PROGRAM PLAN
TY 1978 Bev Initistive

Title: : Autonomous Rendezvous and Docking
Program:
Lead Field Center: JPL

Supporting Field Center(s): JSC

Specific Objectives and Targets: Sample return missfions at distant target bodies will require autonowous
rendezvous and docking capability. The portion of the total techmology addreased within this new initiative

is limited to the development of appropriate sensors, data calibration and processing softvare, and softvare

for mission operations support (MOS). The technology will be applicable to both conventienal (single spacecraft)
sample returu missions under consideration and the Planetary Exploration Facility concept. The technology

would slso be applicable for rendesvous and docking at Earth retura.

Justification: Direct ascent Earth return capability appears to be mhibt'tlvely expensive, requiriag extresely

large payload capabilities, and characteristically displaying large injection errors which must cubnqmtly be
corrected.

Resources: - (FY'78 §) s P79 FY'80 TOTAL
Total R/AD NOA (S, M) 3 .35 -4

4/13/76



PRELININARY PROGRAX PLAR
FY 1978 Nev Inftiative

Title: LOW THRUST NAYIGATION SOfTWARE DEVELOPMENT

Program:
Lead Field Center: JPL

Specific Cbjectives and Targets: Low thrust systems ire unique in that they employ a comtinuous mode of
thrustirg. Balllstic trajectory software must be modified fn some cost efficient way in order to appropriately
model the trajectories. Continuaus thrusting is a costinuous source of process ncise, obscuring the orbit
determination process. Hence, efficient methods of lecating the spacecraft with precision need to be
déveloped. Low thrust fs unlike ballistic maneuvers since maneuvers are made continuously., Efficient

metheds will be developed to integrate the trajectory prediction, and orbit determination processes in a

way which supports meaningful maneuver control schemes.

Justification: JPL's operational software is not adequate for supporting a low thrust mission. Mission
design softizre exists which is capable of supporting phase A and B activities. However, a serfous gap
persists between design and analysis software and flight operational software. All three areas of navigation
sof tWware; trajectory, orbit detemination and maneuver 2nalysis, need to be upgraded for the unique low
thrust system. Trajectory software requirements, now under change control, need to be updated accordiag

to the new MJS baseline software system. In addition, software requirements for the orbit determination and
maneuver processes need to be gererated and maintained. This development generates the necessary enabling
software technology for low thrust missicn starts in the early 80°'s.

Resources: (FY'78 §) FY'78 FY'79 FI'80 FY'81 FY'82 BIC Total
Total R&AD NOA ($.M) .1 .2 1 o 0 i) 4

13 April 1976



PRELIMIRARY PROCRAM PLANW
PFY 1978 Xev Initiative

Title: Low Cost Navigatiom System Development
ram:
Lead Field Center: JPL

Supporting Field Center:

Specific Objectives and Targets: To provide the systems analysis necessary for the planning and integration of the
developing navigation technology into NASA's planetary exploration program so that the navigation process can be
delivered for the lowest total cost over a time span vith a 20-25 yesr horizon. The effort would begin by 1) providing
a reviev of the navigation technology status, 2) apply the technology to the NASA aission model using several

scenarios of navigaticn teclmology developments in order to arrive at s projection of the total navigation eni-of-
century cost using an optimum strategy, J) isolate specific deficlencies now occurring under the single project
planniag horizon mode currently used, &) publish a report of findings with s scenario for navigatfon over the next

25 years and an action plan to achieve the desired scenario.

Jusk_i_ﬂcatiim: Shile OAST a1d OTDA spousored navigation subsystem developments are being vigorously pursued and each
ind:viZus) flight project emjloys those techniques which are flight-ready, long-term systems leadership and plamniog
over an exteuded mission set .s left unsupported.

Witk a planning horfzon little mcre than the next mission, sub-optimum development strategies are dbeing pursued which
over several missions result in higher than necessarj costs both in terms of dollars and mission risk.

The Mavigation Data System has evolved from one employing Esrth-based doppler data alone to a systems using dual~
station, dual-frequency doppler and ranging data complemented with precisiom oun-boarc optical data for current miseions
such a5 MJS. Other elements of the Navigation System such as the maneuver strategy ewployed and the orbit

deteraination process itself have experienced similar complexity iucreases as greater accuracy at larger distances has
beer sought. Currently in development are data system techniques such as differential very long-baseline interferometiy
(AV1BI), promising unprecendented orbit accuracy &8 well as much lower tracking time requirements. Finally, an
integrated on-board autonomous navigation system is being developed for specisl circumstances where the Barth-spacecxaft
rourd-trip light-time 1s toc long for tiwe-critical data taking, processing, decision and maneuvering sequences to be
accowplished in the traditfonal maneuver. Due o its self-contained nature and relatively small Earth-tased support
tequirements, the autonomous approsch promises cost savings as vell,

It 1s clear that what systes is perceived to be the system of chcice for the "next” mission is s sensitive functiom of
one's planning horizon and that perception feeds back to the technology development areas and influences those
developoent realitles. Support 1s needed for the Navigation Systea's planuing leadership with an explicit horizon of
25 years.

Resources: (¥Y'78 $) rY'78 FI'79 rY‘'8o FY'81 FY'82 ATC TOTAL
Total R/AD WOA ($,M) c.1 0.1 0.1 0.1 0.1

4/13/76
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PRELIMIRARY PROCRAM PLAN
FY 1980 New Initiative

Title: Astonsmous Guidsuce and Mavigation Operatiocnal System Developamt
Program:
Lead Yield Centex: JrL

Supporting Field Center(s):

Soecific Objectives and Targets: The existing ACSN development activity will produce the capability of on-board
seasurenent and data processing to perform orbit estimates, calculate snd execute trajectory correction msaneuvers
and adjust planned science data sequences. This capability can be augmented by providing adaptive on-board decision
caking capabilities. These include the ability to adjust or reselect encounter aimpoiants, and to reschedule
science activities, changing their order and/or duratiom.

Juatification: Post-missioa analysis often reveals oev data that wousld have becn used tec modify the mission as
planned, had 1t been known at the tioe. Increasing the on-~board afssfon planning activities of the AGEN Systes
will allow certain information about the target to be interpreted and encounter conditiors modified so that science
objectives are met or axceejed. Outer planet satellite tour missions wouid bencfit from the capability of adaptive
selection and execution of re-specified off-nominal trajectories for flyhys of alternate targets. Potential
colliisions with foreigo obj:cts cculd be prevented by detection and recogvition of such s situation resulting ia

a flight path alteratiom.

Resources: (py'78 $) rY'so FY'81 FY's2 ATC TOTAL
Total R/AD ®0A ($, M) .3 .5 1.0

4/13/76
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4. Pointing adjustment for repositioning target image in fleld-of-view.
5. Modification of science instrument pointing seqwence.
8. Simulated Dn-Board Activities {Ground Based)

1. Processing of target-star data to update the estimated spacecraft position.
2. Calculation and execution of a trajectory correction maneuver.
3. Redesign/optimization of a science instrument peinting sequence.

JUSTIFICATION: The era of spacecraft autonomy is of necessity entered as unmanned vehicles probe further
nto deep space and the round trip radio transmission tize {light time) exceeds the permitted reaction time.
ticeds for autonomy may arise cduring pericds when comnunication with Earth is impossible (e.g., during occulta-
tions) or prevented by some constraint {i.e., antenna pointing, radio system failure, etc). ODuring approach
and encounter phases with distant targets, spacecraft will be required to notice and correct, with no tine
for Earth consultations, deviations from the high-science return trajectory as well as adjust the science
instruvents. Establishnent of technology readiness requires the completion of an inflight demonstration.

RESOURCES: (FY 1978 §) FY78 FY7s FY30 FY81 Fy82 BIC TOIAL
TOTAL RD HOA ($,M)* 0.9¢5 1.146 0.477 0.614 1.025 4.207
DIRZCT CIVIL SERVICE MARPOMER NA NA NA NA NA NA
DIRECY SUPPORT SERVICE COWTRACTOR MANPOMER NA NA NA NA NA NA
RESOURCES SUPPORT ASSUMED FROM OTHER : _

SGURCES (R&D 3, M) (SPECIFY SOURCE) NA KA NA NA NA NA

SCONTRACTED R&D + IN-HOUSE DIRECT RESEARCH + IMS

%/13/76




PIELIMINARY PROGRAM PLAN
FY 1879 NEW INITIATIVE

TITLE: Aatonomous Guidance and Navigation Flight/Ground Deaonstration

LEAD FIELD CENTER: JPL

SUPPORTIRG FIELD CENTER(S):

SPECIFIC OBJECTIVES AHD TARGETS: A flight/ground demonstration is proposed to develop and veri‘y Autonomous
Guidance and Havigation lechnology for futsre unmanned planetary missions. Tie developuent plas is consistent
with a demonstration on the Jupiter Urbite~ mission launch opportunity in Decamber 198l. A similar mission is
possible thirteen months later.

Tha flight/ground demonstration will demonstrate the ability to carry out all the functions that an
autoncaous on-board system would perform. The proposed arrangement of flight equipment and ground equipment
is most cost effective and allows optimum flexibility tc complete the demonst-ation during the nission 1ife-
time. The earliest demonstration will resslt from observations of the Moon ajainst a star background shortly
after launch. This data will be compared :0 conventional ground based radio tracking. The orbiter phase allows
sultiple satellite encounters during which parts of the design can be evaluated and retried.

Since the computer is on the ground aid accessible, 1t is possible to cortinue software de/elopment after
the spacecraft is launched. Ouring the nesr-Earth wission phase pre-flight versions of the sof:ware will be
used to process the optical data of the Earth-Moon system and the experience jained will influeace the final

software design.
Specific objectives are to develop and demonstrate:

A. On-Board Activities
1. Image processing of star and tirget data.-

2. Target acquisition and automatic tracking.

3. Target center finding.
4/13/76



2.

Autonomous Systems

A. Roving Vohicles

Autonomous systems are required for many of NASA's future missions.
Of particular importance are roving vehicles which could provide
the means for surfacc exploration of the planets in our solar
system. There is a need to demonstrate the abilities of prototypes
to interact with complex and unpredictuble environments as well as
with the ground system.

Relevant New Initiatives:

1. Proto roving vehicle for planetary surface exploratien.
(Sm:?; attached) P



PRELIMINARY PROGRAM PLAN
FY 1978 New Initiative

Title: Prototype Roving Vehicle for Planetary Surface Exploration
Prograa:
Lead Fielé Conter: JrL

Suppnreine Tield Ceater:

Specific " ertivex ard Tarcets: 30 develop and demonstrate a prototype roving vehicle and grourd system capable

el suzpuriing sclentiif: siudles on other planets and planetary satcllites under direction of Earth-based scientists.
The resxie system imvdul) wlll i{ncorperate hardware providing resistance to the harsh enviromments.arnticipatad, great
eobflity, wen.ing for astorated systea mcintenance, and self-regulated energy ani comunicat:on systeszs. The comput-
fag systen will capitalize on the nev microprocessor systen architectures and ultra-high density mass storage
technology to previde tie necessary power and compactness. The remote softwvare will incorporate the algorithzs
aeeded for placning and decision-making at the comzanded sub-task level, the error-detection, self-diagrosis snd
self-rep..ir fncilities 2f partially automated systea zainteoance, and budgeting of energy.

The ground systes will be designed to capitalize on the f{ncressed sutoaomy of the rezote macline to sizplify ground
operztions. Computer gencrated displavs will keep the cperators fully informed on machine s:atus. The robot will
respord to sizplified ccoxaads and reply in kind. The nissioa operations systen will be designed tc te 20re transpsrest
to the scientisi-user than ate presen: systecs. The protntype rover aad ground system will >e coopleted by 1984

and undergo testing and mcdificaticns during 1935 and 1986.

Justificatior: Missions of great inrcrest are those corcerned with the detailed scientific exploration of the outer
planecs and their satellites to search for life and to ascertain the history of the solar system. Such aissions are
chsracterized by scientific corplexity and unpredictadle environments. The remoteness precliudes direct humsn control.
The feasibility of constrccting machines with the necessary autonoy is now being dezonstrated. The feasibility study
meglects questions of reliabilicy, erergy =mznagement, szlf-repair, coaputer architectuze and minlaturization, and rug-
gedness. Imstcad it cencentrates on advancing the state-of-the-art of machine intelligence and integration of selecre.d
functions. The proposed initistive will establish the necessary dagree of confidence in sll system funciions to uacer-
take sissions that wil. ezploy rodots. The prototype will slso demonstrate the large inccease in i{nformation deliverecl|
by the zission (100X) sade possible by its eaployment, snd the decrease in missiom support costs due to simplified grciand
procedaures.

Basostces: (FI'78S) FI'IS FX'J9 TS0 FI'SL FI'S2 FI'S3 FI'SA FY'SS FY'6 Toeal
Total R/AD WOA (3,0 3 . s 6 . ? ? 7 50



RETURN OF MATTER*_ ASCENT NAVICATION

Autonomous ascent and rendcavous and docking techniques will have to de
daveloped for implementatiun when leaving the target body. Earth-based
control will not allow such functions to be performed due to the significant
round-trip light-time deluy compared to the rapid reaction time required
batween observation and action. The system that parforma autonomous
rendezvous and docking at a disctant planet could also be used upon retura
to Earth, or could be over-ridden by ground controllers.

Mission design and analysis eoftwarc sppropriate for Phase A and B studies
is currently non-existent. This precludes the abllity to perform parametric
trade-off studies which sre critical to the design of many hardware
subsyatems.
RELEVANT 1 TI

1. Autonomous Rendegvous and Docking

2. Software Development for Return of Matter Mission Design

4/13/76



RETURN OF MATTER: ASCENY NAVICATION

Autonomoua aacont and rendczvous and docking techniques will have to de
daveloped for implemantation when leaving the target body. Earth-based
control will not allow such functions to be performed due to the significant
round-trip light-time deluy compared to the rapid reaction time required
betveen observation and action. The system that parforma autonomous
rendezvous and docking at a disctant planet could also be used upon retura
to Earth, or could be over-ridden by ground controllers.

Mission design and analysis eoftwarc sppropriste for Phase A and B studies
is currently non-existant. This precludes the abllicy to perform parametric

trade-off studies which are critical to the design of sany hardware
subeystens.

EELEVANT NEW INITIATIVES

1. Autonomous Rendezvous and Docking

2. Softwvare Davelopment for Return of Matter Mission Design

4113176



BAVIGATION .

Both teturn of information and return of matter miseions envisioned in the
period 1985-2000 will require navigation technology beyond extensions antici-
pated through evolution of current state of the art. Requiremants of maxisum
information return per unit cost will require critical delivery of tha science
dustruments field of view at the target through both flight path control and
dastrument pointing control. Tn addition, sample return from a solid body

. will require advances in nscent, and vendezvous and docking guidance/navigation

technologies. The role of autonomous on-board systems will be unprecedented

by todsy's standarde. This vill be particularly truc on missions to distant
targets vhers the round-trip communication time exceeds the required reaction
tine ({nterval between the last navigation measurement and thruaf or instrument
pointing maneuver) or perluds of communication blackout (occultation or radio/
tracking eystem anomaly). The development of Autonomous Guidance and Navigation
Systen technology is juot now beginning.

This material does not address the navigation and guidance technology developments

required for remote roving vehicles for insitu information/sample acquisition.
This ie covered under autonomous systems.

EELEVANT NEV INITIATIVES
1. Autonomous Guidance and Navigation Plight/Cround Demunstration
2. Autonowous Guidance and Navigation Operational System
3. Lov Cost Navigation System Development

LOW THRUST NAVICATION

It sppears that Low Thrust capabilities will be required for certain high
energy missions which would be of scientific interest. The navigation
techniques for Low Thrust missions are different than those required for
ballistic miesions, and need further development. Low thrust includes NEP,
SEP and Solar Sailing concepts. Existing misaion design and analysis
software to support Phase A and B studies ia not adequate for the navigation
analysis prior to project approval.

RELEVANT NEW INITIATIVES
1. Low Thrust Navigation System Technology Development
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RAVIGATION .
Both return of information and return of matter missions envisioned in the
period 1985-2000 will require nsvigation technology beyond extensions antici-
pated through evalution of curreant stute of the art. Requirements of maximwm
infornstion vaturn per unit coet will require critical delivery of tha science
fastruments field of view at tha target through both flight path control and
instrument pointing control. Tn addition, sample return from a solid body

will require advances in ascent, and rendezvous and docking guidance/navigation
technologies. The role of autonomous on-board systems will be unprecedented

by today's standards. This vill be particularly truc on missions to distant
targets vhers the round-trip communication time exceeds the required reaction
tinss (interval batween the last navigation wmeasurement and thruaf or instrument
pointing maneuver) or perluds of communication blackout (occultation or radio/
tracking system anomaly). The development of Autonomous Guidance and Navigation
Systen technology is juot now beginning.

This material does not address the navigation and guidance technology developments
required for remote roving vehicles for insitu informatiun/sample acquisition.
This is coversd under autonomous systens.

ANT INITIATIVES

1. Autonomous Guidance and Navigation Flight/Ground Demunstration

2. Autonowous Guidance and Navigation Operatiunal Systea

3. Llov Cost Navigation Systew Development

LOW_THRUST NAVIGATION

It appsars that Low Thrusmt capabilities will be required for cetrtain high
energy missions which would be of scientific interest. The navigation
techniques for Low Thrust missions are different than those required for
ballistic miasions, and need further development. Lowv thrust includes NEP,
SEP and Solar Sailing concepts. Exieting mission design and analysis
software to support Phase A and B studies im not adequate for the navigation
analysis prior to project approval.

RELEVANT LEW INITIATIVES

1. Lov Thrust Navigation Systen Technology Development



PRELIMUIALY PROGRAM PLAM
¥Y 1978 few Initiative

TITLE: Software Development for Return of Matter in Mission Design

Lead Field Center: JPL

Supporting Field Center(s):

Specific Objectives and %argets: A broad development of specialized software to support misiion design is proposed.
These softvares are needed to snalyze missioo-related spacecraft and subsystem parameters fc: (1) “Round Trip"”(i.s.
typical of sample return} missions, (2) autonomous surface ascent to orbit and (3) autonomor: acquisition, rendezrous
and docking.

Justification: At the present time, capability to deiine nominal spacecraft and subsystem [ irameters and evaluste the
interplay of changes in subsystem operations for these three specialized areas is extrenmely iivited due to near nom-
existant software. These analytical tools are critical to establish preliminary estimates c’ such factors as mass,
geometry, power requirements, etc.; they are equally importaat in establishing the impact or total system operation
as a consequence of a change in some subsystem function or specification (e.g. the interplay of remndezvous closur:z
rates, propulsive gates and tracking sensor specifica:ions). This solutfon is required for soy Phase A and B mission

plnm!.:::1 activities. Awvailadllity of cthis software ia FY'80 s appropriate for the FY'88 Ms ‘s surface sample retsrn
opportunity.

Resources: (FY'78 §) 7Y'78 FY'79 FY'80 TOTAL
Total R/AD NOA ($, M) C.4 0.4 - 0.8

4/13/76
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SOLAR SYSTEM SCIENCE

PHASED APPROACH

o RECONNAISSANCE
o EXPLORATION

o INTENSIVE STUDY
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PLANETARY EXPLORATION
FACILITY

CUTER PLANETS AND THEIR
SATELLITES

RETURN MATTER

~ SAMPLE RETURN CAPABILITY

TERRESTRIAL PLANETS,
ASTEROIDS, COMETS,
JUPITER SATELLITES
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SOLAR SYSTEM STUDY FACILiTY

PROPULSION (NUCLEAR ELSCTRIC)

REMOTE SENSING

o SURFACE

0 ATMOSPHERE

o MAGNETIC FIELD
o GRAVITY

IN SITU SENSING

o ATMOSPHERIC PROBES
o SURFACE PENETRATORS
o ROVERS

AUTONOMOUS ANALYSIS LABORATORY
ON BOARD DATA PROCESSING

@ SAMPLE RETURN

o SELECTION

o ACQUISITION

o PROCESSING
o PRESERVATION
o QUARANTINE
o PACKAGING

o RECOVERY
o RECEIVING
o STORAGE



SOLAR SYSTEM STUDY FACILITY DEVELOPMENT AND UTILIZATION SCENARIO

DISTANCE

- TIME
1930

EARTH STUDY FACILITY

AUTOMATED
SYNCHRONOUS ORBIT
SEP

SOLAR POWER

SELF REPAIR
CHECKOUT

TECHNOLOGY READINESS DATES

1999
INNER PLANET
STUDY FACILITY
AUTOMATED -
<ok poggr | OUTER PLANET
& STUDY FACILITY
10-YEAR AUTOMATED
OPERATING LIFE  NUCLEAR POWER
SELF REPAIR NEP
20-YEAR
OPERATING LIFE
SELF REPAIR

2000

EXTRA SOLAR SYSTEM
STUDY FACILITY

AUTOMATED

NUCLEAR POWER

NEP

25-YEAR
OPERATING LIFE

SELF REPAIR




KEY ISSUES

o LONG LIFE

o RELIABILITY
o SELF CHECK AND REPAIR

e AUTONOMOUS OPERATIONS

o DECISION MAKING

o SELF REPAIR

o ON BOARD PROCESSING AND
ANALYSIS OF DATA

o UNIVERSAL UTILITY



VOLUME II
Iv-¢C

1. SOLAR SYSTEM EXPLORATION FACILITY

Summary Comments on Technical and Program
Approaches Resulting from Workshop Activity

GENERAL :

The individual working groups exhibited considerable inovative thinking in
support of our theme. The major technology drivers of power, propulsion, and
data handling/control were considered in depth. Programatic factors such as
severe step functions in technology development and mission evolution were
identified as the most disturbing aspects of the theme.

Changes in thinking due to the workshop:

Propulsion and power system concepts were expanded to consider such technologies
as MPD thrusters, laser powered propulsion systems, metallic hydrogen fuels

and others. While the technological future of such systems is uncertain their
potential benefits warrent consideration as future hardware.

With regard to power conversion and storage systems the recycable H202 fuel
cell may prove to be a superior energy storage device even when compared to
advanced electrochemical storage systems such as lithium batteries. Radiation
shielding and management pose special problems on operations such as rendezvous
and docking and may effect sample processing activity.

Lightweight shielding development as suggested by the materials working group
may reduce this problem significantly.

Data Systems and Autonomous Control

The requirement for complex data systems and large memories were addressed
and pleasant surprises occurred when new software techniques were suggested.
Automated programing techniques and validation/verification processes can be
available and will be required for proper software development. Computer
system emulation techniques will assure compatibility between hardware and
software as these two components must be developed concurrently and in fact
can be viewed as two sides of the same coin.

A vast selection of candidate instruments and sensors were proposed for the
scientific payload. Without exception the instruments were regarded as
scientifically valuable. The problem we experienced was in trying to assign
priorities. Ultimately we adopted the position that the exploration facility
should be viewed at least in part as a service mechanism to the scientific
community in much the same way that a large astronomical telescope is con-
structed as a service to the astronomical community. In short, we as space-
craft and mission designers should not (and possibly cannot) attempt to
foresee the detailed scientific objectives 1ikely to occur over the next 25

to 50 years. What we must do hovever, is recognize that scientific objectives
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with regard to observational and measurement requirements will continue to
expand and must be supported.

We recommend that a special activity be initiated by OAST to select and

develop candidate sensor systems for future space missions. In this way
the scientific objectives can be coordinated into a science enhancement

structure.

The most significant problem by far to be identified is related to
programatic rather than technical factors. The orderly development of
supportive technology is dependent upon the nature of evolution of space-
craft missions. The currently envisioned mission set for the 1980's depends
upon development of high temperature solar cells, solar sailing technology,
solar e'ectric propulsion, etc. However, the solar system exploration
facility depends upon nuclear sources of electrical energy and very advanced
autonomous systems. This results in a sharp step function in technological
requirements at the beginning of the 1990's unless a more uniform technology
growth can be established.



