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ORIGINAL PAGE 1S
NOTE OF POOR QUALITY

This binding is the Supplement to Volume 4: Application of

ARAMIS Capabilities to Space Project Functional Elements, of the

Main Study Final Report of the study "Space Applications of

Automation, Robotics and Machine Intelligence Systems (ARAMIS)",
Phase I (NASA contract no. NAS8-34381). The NASA Marshall Space
Flight Center Contracting Officer's Representative is Georg F.
von Tiesenhausen (205-453-2789). The study was performed by

the Space Systems Laboratory and the Artificial Intelligence
Laboratory of the Massachusetts Institute of Techrn>logy, under
Professors René H. Miller (617-253-2263) and Marvin L. Minsky
(617-253-5864). The MIT Study Manager was David B.S. Smith
(617-253-2293).

This Supplement presents Appendix 4.E: Candidate ARAMIS

Capabilities: Comparison Charts and Application Forms. Since

this Appendix includes 465 Application Forms, it was separated
from the rest of Volume 4, to keep the size o0f that binding
manageable. This separation i1s also for the convenience of
the reader, as it allows Appendix 4.E to be consulted simul-

taneously with other appendices in Volume 4.
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VOLUME 4 (SUPPLEMENT) :
APPENDIX 4.E:

CANDIDATE ARAMIS CAPABILITIES:
COMPARISON CHARTS AND APPLICATION FORMS

4.E.1 Notes on this Appendix

This appendix presents the study group's evaluation of the
relative merits of candidate ARAMIS capabilities. For each of
the 69 GFE's under detailed study, one Decision Criteria Compari-
son Chart and several ARAMIS Capability Application Forms are
presented. The GFE's are grouped by types of GFE's.

The Decision Criteria Comparison Chart (introduced and dis-
cussed in Section 4.6.2) lists the GFE name and type, and
repeats the GFE's definition (presented in Appendix 4.C). The
chart then lists the candidate capabilities for that GFE (first
listed in Appendix 4.D). For each of the candidate capabilities,
the chart presents the values estimated by the study group for
the seven decision criteria (defined and discussed in Section
4.6.1). Each criterion is evaluated on a l-to-5 scale, with 1
being favorable performance and 5 unfavorable. The chart also
identifies the capability selected as "current technology"
(C.T.) . which receives set values for its criteria: "3" for
time, maintenance, recurring cost, failure-proneness, and useful
life; "2" for nonrecurring cost; and "1" for developmental risk.
The other capabilities' criteria values were estimated relative
to the current technology capability.

Each GFE's Comparison Chart is followed by several ARAMIS

4E.1
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Capability Application Forms (introduced and discussed in
Section 4.6.2). For each of the GFE's candidate capabilities,
an Application Form repeats the decision criteria values in the
Comparison Chart, adding commentary on why any particular
criterion value was selected. The form also includes remarks
on special aspects of the capability's application to the GFE.
This special aspects section includes identification of which of
the candidate capabilities is considered the current technology
cption for this GFE.

In some cases, the Application Forms in this study refer to
data sources by last name only; the full names can be found in
the General Information Forms in Appendix 3.C. In gcneral, it
is suggested that, while looking at the Application Forms, the 3
user should also look up the relevant General Information Forms,
since they contain definitions of the capabilities.

Thus the appendix presents the information GFE by GFE. For
each GFE, the Comparison Chart presents the GFE's candidate
capabilities and their relative decision criteria values; the
Application Forms immediately following present rationale for,
and commentary on, the criteria values. This grouping makes it
easy for the study recipient to consider the study group's re-
marks together with the estimated values; as mentioned in Section
4.6.3, in most cases this commentary is more instructive than
the numbers themselves.

Each Application Form deals with the application of an ARAMIS
capability to one particular GFE. Therefore capabilities which

are candidates for several GFE's have several Application Forms

4E. 2
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appéaring in this appendix, filed under the appropriate GFE's
(there are 465 Application Forms altogether). For general de-
scriptions of capabilities, the study user is referred to the
ARAMIS Capability General Information Forms in Appendix 3.C
(Volume 3), which describe each of the 78 capabilities defined
by this study.

For the study recipient who is interested in particular
capakilities and their various applications to GFE's, Appendix
4.G presents the transpose matrix: for each capability, each
GFE to which it applies is listed, followed by the decision
criteria values for that application.

As a final comment, the study group urges the study user to
consider the limitations to this evaluation method, discussed in
Section 4.6.3, while examining this Appendix. The listing of
Decision Criteria Comparison Charts and ARAMIS Capability Appli-

cation Forms follows.

4E.3



DECIION CRITERIA COMPARISON CHART

GFE: ;1 VERIFY POWER SYSTEM FUNCTION GFE TYPE: A. Power Handling

Verification of the proper function of svacecraft powa:
subsystems, during payload assembly and integration at
KSC {(usually dore by the rpacecraft contractor). Thiy

GFE includes verification of subsystems, prior to DEZISION CRITERIA

launch, in geperal.
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ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Human On Ground With Computer Assistancea
CODE NUMBER: 4.2 DATE: 3/19/82 NAME (S) : Spofford/Howard
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: gl Verify Power Systam Function

DECISION CRITERiIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 3
REMARKS AND DATA SQURCES: This is current technolagy.

MAINTENANCE (1 LITTLE, 5 LOTS): 3
REMARKS AND DATA SOURCES: This 1s mostly maintenance of the computer hardware

and software. i high-reliability computer system (such as the Tandem Non-Stop)
is assumed.

NONRECURRING COST (1 LOW, 5 HICH; CURRENT TECH.=2): 2
REMARKS AND DATA SOURCES: This includes software development and operator
training costs. This is current technology.

RECURRING COST (1 LOW, 5 HIGH): 3
REMARKS AND DATA SOURCES: Includes operator salary and maintenance of computer
hardware and software. This is current technology.

FAILURE-PRONENESS (1 LOW, 5 HIGH): 3

REMARKS AND DATA SOURCES: A human with a computer may not be able to explore
all possibilities to find the optimum result, but the operator can compare
results with expectations and intelligently direct the search. The computer
hardware is expected to be very reliable. This is current technology.

USEFUL LIFE (1 LONG, 5 SHORT): 3
REMARKS AND DATA SQURCES: The ground-based software may be upgraded and the
operator retrained to improve the capability. This is current technology.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): |
REMARKS AND DATA SOQURCES: This is current technology.

OTHER REMARKS AND SPECIAL ASPECTS: This capability is current technology for
this functional element.

AGE 13
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ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Manual Testing On Ground
CODE NUMBER: 14.6 DATE: June 1982 NAME (S): Howard/Glass
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: g1 Verify Power System Function

DECISION CRITERIA (1 TO 5 SCALES: CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): &
REMARKS AND DATA SOQURCES: This process is slower than the more automated
alternatives.

MAINTENANCE (1 LITTLE, 5 LOTS): 1

REMARKS AND DATA SOURCES: The equipment used is less complex than that of the
alternatives.

NONRECURRING COST (1 LOW, 5 HIGH; CURRENT TECH.=2): 1
REMARKS AND DATA SOURCES: Very little development must be done.

RECURRING COST (1 LOW, 5 HIGH): 2
REMARKS AND DATA SOURCES: The main recurring cost is that of the personnel and
facilities involved.

FAILURE-PRONENESS (1 LOW, 5 HIGH): 4

REMARKS AND DATA SOURCES: This procedure cannot test as many conditicns as the
more automated alternatives; hence it is less thorough.

USEFUL LIFE (1 LONG, 5 SHORT): 4

REMARKS AND DATA SOURCES: This capability can only handle simple tasks at
present. As complexity of powur systems increases, this will be harder to
implement, and will become obsolete.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 1
REMARKS AND DATA SQURCES: This technology is currently available.

OTHER REMARKS AND SPECIAL ASPECTS: Current technology is a Human on Ground
with Computer Assistance.
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ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Computer rodeling And Simulation

CODE NUMBER: 16.1 DATE: 3/19/82 NAME (S) : Spofford/Akin
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: gl Verify Power System Function

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 2
REMARKS AND DATA SOURCES: This is faster than current technology (Human on
Ground vith Computer Assistance) because more of the operation is automated.

MAINTENANCE (1 LITTLE, 5 LOTS): 3

REMARKS AND DATA SOURCES: This includes computer hardware and software
maintenance and is comparable to current technology. A high-reliability
computer system is assumed.

NONRECURRING COST (1 LOW, 5 HIGH; CURRENT TECH.=2):

REMARKS AND DATA SOURCES: This includes the development of a comprehensive
system model and generation of the computer database. The cost of writing the
software to manipulate the database is also included in the nonrecurring cost.

RECURRING COST (1 LOW, 5 HIGH): 2

REMARKS AND DATA SOURCES: This includes the operator’s salary, hardware and

sof tware maintenance, and the cost of updating the database as the spacecraft
changes. This is less than current technology because less operator time is

needed.

FAILURE-PRONENESS (1 LOW, 5 HIGH): 2

REMARKS AND DATA SOURCES: With Computer Modeling And Simulation it is possible
to mode! things that are not directly testable. As long as the computer model
of the system is accurate, this capability is not likely to fail. It is more
reliable than the current technology option because the computer can
manipulate more information in its database than a human can.

USEFUL LIFE (1 LONG, 5 SHORT): 1

REMARKS AND DATA SOURCES: This capability has a long useful life because the
database may be updated as the spacecraft changes. The system mode! can be
upgraded to include repairs, failures, component degradation, and design
changes as necessary.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 2

REMARKS AND DATA SOURCES: Development and validation of a sufficiently
accurate database is a major risk of this option.

OTHER REMARKS AND SPECIAL ASPECTS: Current technology for this functional
element is Human On Ground With Computer Assistance.

4E.7



ARAMIS T APABILITY APPLICATION FORM

CAPABILITY NAME: Equipment Function Test by Onboard Computer A
CODE NUMBER: 27.1 DATE: 6/26/81 NAME (S) : Marra/Dalley
GENERIC FUNCTIONAL ELEMENT NUMBER ANG NAME: gl Verify Power System Function

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 1
REMARKS AND DATA SOURCES: Function test will execute faster than a simulation,
which is faster than current technology.

MAINTENANCE (1 LITTLE, 5 LOTS): 3
REMARKS AND DATA SOURCES: The maintenance for the computer necessary for this
capability will be on par with current technology.

NONRECURRING COST (1 LIW, 5 HIGH; CURRENT TECH.=2): 4
REMARKS AND DATA SOURCES: Nonrecurring cost includes the development of the
necessary software and the function test itself.

RECURRING COST (1 LOW, 5 HIGH): 3

REAARKS AND DATA SQURCES: The recurring :ost is given a rating comparable to
current technology because of higher and lower costs related to this system.
On the lower side, there is no need for the costs related to maintaning a
human. However, the computer necessary is more sophisticated and therefore
more costly than the computer required for current technology.

FAILURE-PRONENESS (1 LOW, 5 HIGH): 2

REMARKS AND DATA SOURCES: The function test will gather more data than current
technology, it will therefore be more reliable. Under certain conditions, a
function test may actually cause damage if a malfunctioning system is being
tested.

4
-

USEFUL LIFE (1 LONG, 5 SHORT): 1
REMARKS AND DATA SOURCES: The higher reliability and the absence of need for
human assistance give this system a good useful life rating.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 2

REMARKS AND DATA SOURCES: The developmental risk includes the development of
the software for this system.

OTHER REMARKS AND SPECIAL ASPECTS: Current technology is Human on Ground with
Computer Assistance.

JE. 4




ARAMIS CAPABILITY APPLICATION FORM

%; CAPABILITY NAME: Equipment Function Test Via Onsite Humar
CODE NUMBER: 27.2 DATE: 6/25/82 NAME (S) : Marra/Glass
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: gl Verify Power System Function
DECISION CRITERIA (1 TO 5§ SCALES; CURRENT TECH.=3 UNLESS NOTED)
TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 3
REMARKS AND DATA SOURCES: Time to complete will be comparable to current
technology.
MAINTENANCE (1 LITTLE, 5 LOTS): 2
REMARKS AND DATA SOQURCES: The microcomputer will require less maintenance
than the large computers used by current technology.
NONRECURRING COST (1 LOW, 5 HIGH; CURRENT TECH.=2): 2
REMARKS AND DATA SOURCES: The cost for developing the dedicated microcomputer
will be comparable to the cost for developing the software for current
technology. The function test for this functional eliement is very simple and
will not raise nonrecurring cost for its development.
RECURRING COST (1 LOW, 5 HIGH): 2
REMARKS AND DATA SOURCES: Cost for maintaining the microcomputer will bz less
than current technology. The cost for human upkeep is the same as human
upkeep in current technology.
FAILURE-PRONENESS (1 LOW, 5 HIGH): 3
REMARKS AND DATA SOURCES: The amount of information gathered is about the
same as current technology, so the reliability will be about the same.
Under certain conditions, however, a function test may actually cause damage
if a malfunctioning system is being tested.
USEFUL LIFE (1 LONG, 5 SHORT): 2
REMARKS AND D/TA SOURCES: The lower cost and sophistication of the
microcomputer give this system a more favorable useful life rating.
DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 2
REMARKS AND DATA SOURCES: Developmental risk includes the development of the
dedicated microcomputer, the associated software, and the development of the
function test.
OTHER REMARKS AND SPECIAL ASPECTS: Current technology is Human on Ground with
Computer Assistance. This capability uses a dedicated microprocessor to
support the onsite human (not to be confused with Onsite Human with Computer
Assistance, which uses the Shuttle orbiter computer). This functional element
takes place on the ground.




DECISION CRITERIA COMPARISON CHART

GFE: 23 POWER SUBSYSTEM CHECKOUT

On-orbit checkout of spacecraft power subsystems, either
after launch or after maintenance and repair. This
study focuses on methods of <.ntrolling the checkout
process and evaluating subsystem performance, rather
than specific sensors. As spacecraft state-of-the-art

GFE TYPE:

DECISION CRITERIA

moves toward fully integrated power management systems, I §
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ARAMIS CAPABILITY APPLICATION FORM

CAPABIL!ITY NAME: Human In EVA With Tools
CODE NUMBER: 14.3 DATE: June 1982 NAME (S): Howard/Akin
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: g23 Power Subsystem Checkout

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (I SHORT, 5 LONG): &
REMARKS AND DATA SOURCES: This operation requires EVA activity, taking more
time than the alternatives.

MAINTENANCE (1 LITTLE, 5 LOTS): 5
REMARKS AND DATA SQURCES: The equipment involved in EVA incurs a substantial
maintenance cost. The maintenance also includes astronaut life support.

NONRECURRING COST (1 LOW, 5 HIGH; CURRENT TECH.=2): 3
REMARKS AND DATA SOURCES: This includes astronaut training and the development
cost of specialized toois.

RECURRING COST (1 LOW, 5 HIGH): & .
REMARKS AND DATA SOURCES: The logistics involved with EVA operations are more
complicated than the other alternatives, which are performed remotely.

FAILURE-PRONENESS (1 LOW, 5 HIGH): 3

REMARKS AND DATA SQURCES: The human in EVA has no inherent reliability
advantage over remote operations for checking out an electrical system. With
the proper tools, the reliability can be as good as the current technology
(Equipment Function Test Via Telemetry).

USEFUL LIFE (1 LONG, 5 SHORT): 4
REMARKS AND DATA SQURCES: There is no real need for a human to go EVA to
perform this task when automatic methods are available.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 1
REMARKS AND DATA SOURCES: This technology is currently available.

OTHER REMARKS AND SPECIAL ASPECTS: Current technology is Equipment Function
Test via Telemetry.

ORIGIAL Pai. 9
oF PCOR QUALITY
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ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Onsite Human With computer Assistance
CODE NUMBER: 14.7 DATE: June 1982 NAME (S): Howard/Spofford
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: g23 Power Subsystem Checkout

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 3
REMARKS AND DATA SQURCES: This takes longer than the fully automated onsite
alternatives, but is faster than an unassisted human.

MAINTENANCE (1 LITTLE, & LOTS): &

REMARKS AND DATA SOURCES: The maintenance includes life support for the
astronaut and down-time for both the astronaut (8-hour werkdays) and the
computers (which may be pre-empted for flight-critical functions).

NONRECURRING COST (1 LOW, 5 HIGH: CURRENT TECH.=2): 3

REMARKS AND DATA SOURCES: The only hardware developments required are
task-specific interfaces. Development of appropriate software, and its
validation on the orbiter computers, are also required. Training of the
astronaut is included here, als>

RECURRING COST (1 LOW, 5 HIGH): &4
REMARKS AND DATA SOURCES: The flight computer system requires considerable
attention by the crew; this contributes to recurring cost.

FAILURE-PRONENESS (1 LOW, 5 HIGH): 2

REMARKS AND DATA SOURCES: The thoroughness of the power subsystem checkout is
limited by the complexity ~f programs usabl!e on the flight computers. On the
other hand, the onsite hum.n adds flexibility to the system, increasing its
ability to deal with unforeseen problems.

USEFUL LIFE (1 LONG, 5 SHORT): 3

REMARKS AND DATA SOURCES: The hardware and human will often be -~vailable when
the shuttle is used, but in many cases a fully automatic system will
ultimately be preferred.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 2

REMARKS AND DATA SOURCES: Task-specific software would need to be developed,
and there is some chance that the (fixed) hardware configuration would be
unsuitable,

OTHER REMARKS AND SPECIAL ASPECTS: This capability uses the Shuttle orbiter
computers to support the onsite human (not to be confused with Equipment
function Test or Equipment Data Checks by Onsite Human, which use dedicated
microprocessors). Current technology for this GFE is Equipment Function Test
via Telemetry.
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ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Equipment Function Test by Onboard Computer
CODE NUMBER: 27.1 DATE: 6/28/82 NAME (S) : Marra/Dalley
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: g23 Power Subsystem Checkout

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 2
REMARKS AND DATA SOURCES: Time to complete will be less than current
technology because of the lack of transmission delay.

MAINTENANCE (! LITTLE, 5 LOTS): 3
REMARKS AND DATA SOURCES: An onboard computer would require costly maintenance

if something should go wrong, but it does not requite maintenance of the
communications links.

NONRECURRING COST (1 LOW, 5 HIGH; CURRENT TECH.= 2): 3

REMARKS AND DATA SOURCES: Cost of developing the necessary software and
adapting the computer to the specific spacecraft. The nonrecurring cost could
be reduced somewhat by designing modular computers that could be easily
modified for various spacecraft.

RECURRING COST (1 LOW, 5 HIGH): 2

REMARKS AND DATA SOURCES: The recurring cost is lower than current technology
because of the absence of human supervison; nobody has to monitor the
telemetry,

FAILURE-PRONENESS (1 LOW, 5 HIGH): 3

REMARKS AND DATA SOURCES: The same amount of information is gathered by this
capability as current technology, so the failure-proneness will be comparable
to current technology. Under certain conditions, a function test may actually
cause damage if a malfunctioning system is being tested.

USEFUL LIFE (1 LONG, 5 SHORT): 1
REMARKS AND DATA SOURCES: The speed and fully autonomous nature of this system
make it unlikely to become obsolete in the near future.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 2
REMARKS AND DATA SOURCES: The ability of the software to conform to the
spacecraft computer safety codes is the primary source of risk.

OTHER REMARKS AND SPECIAL ASPECTS: Current technology is Equipment Function
Test via Telemetry.

4E.13



ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Equipment Function Test by Onsite Human
CODE NUMBER: 27.2 DATE: 6/25/82 NAME (S) : Marra/Glass
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: g23 Power Subsystem Checkout

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT {1 SHORT, 5 LONG): 3
REMARKS AND DATA SQURCES: Time should be comparable to current technology.

MAINTENANCE (1 LITTLE, 5 LOTS): 4
REMARKS AND DATA SOURCES: Maintenance inc'udes the human upkeep.

NONRECURRING COST (1 LOW, HIGH 5; CURRENT TECH.=2): 3
REMARKS AND DATA SOURCES: Nonrecurring cost includes the cost to develop the
dedicated microcomputer and the function test.

RECURRING COST (1 LOW, 5 HIGH): 4

REMARKS AND DATA SOURCES: Recurring costs include the life support of the
operator. Today it costs $100,000 a day to keep one human in space
(discussion with Stephen B. Hall of NASA MSFC).

FAITLURE-PRONENESS (1 LOW, 5 HIGH): 2

REMARKS AND DATA SOURCES: The onsite human will be capable of detecting
problems which could not be found by current technology. Under certain
conditions, however, a function test may actually cause damage if a
malfunctioning system is being tested.

USEFUL LIFE (1 LONG, 5 SHORT): 3
REMARKS AND DATA SOURCES: The higher reliability offsets the cost.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 2
REMARKS AND DATA SOURCES: The developmental risk includes the development of
the dedicated microcomputer and the associated software.

CTHER REMARKS AND SPECIAL ASPECTS: Current technology is Equipment function
Test via Telemetry. This capability uses a dedicated microprocessor to
support the onsite human (not to be confused with Onsite Human with Computer
Assistance, which uses the Shuttle orbiter computer).
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ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Equipment Function Test via Telemetry
CODE NUMBER: 27.3 DATE: 7/1/82 NAME (S) : Marra
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: g23 Power Subsystem Checkout

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 3

REMARKS AND DATA SOURCES: The time to complete includes the time delay
associated with communicating between earth orbit and the ground. Until TDRSS,
this capability may not be available at all times, because of the loss of
transmission.

MAINTENANCE (1 LITTLE, 5 LOTS): 3
REMARKS AND DATA SOURCES: The communications network must be maintained.

NONRECURRING COST (1 LOW, 5 HIGH; “URRENT TECH.=2): 2

REMARKS AND DATA SOURCES: The nonrecurring cost includes outfitting the
spacecraft with the necessary equipment as well as designing the equipment
function test itself,

RECURRING COST (1 LOW, 5 HIGH): 3
REMARKS AND DATA SOURCES: The recurring cost includes the maintenance cost of
the communications links and the operator salary.

FAILUKE-PRINENESS (1 LOW, 5 HIGH): 3

REMARKS AND DATA SOURCES: The reliability of this capability is dependent on
the sophistication of the function test, and on how much information it sends
back. Under certain conditions, however, a function test may actually cause
damage if a malfunctioning system is being tested.

USEFUL LIFE (1 LONG, 5 SHORT): 3
REMARKS AND DATA SQURCES: The need for human interaction will make this
capability give way to automatic systems.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; ZURRENT TECH.=1): 1
REMARKS AND DATA SOURCES: The cevelomental risk includes the designing of the
necessary equipment into the spacecra’t and developing a function test.

OTHER REMARKS AND SPECIAL ASPECTS: This capability is current technology.
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ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Equipmeny D7ca Checks By Onboard Computer
CODE NUMBER: 27.4 DATE: 6/15/82 NAME (S): Thiel/Dalley
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: g23 Power Subsystem Checkout

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 1

REMARKS AND DATA SOURCES: This is the fastest method to verify proper operation
of the subsystem because it will immediately measure the system’s currents and
voltages and check them against predetermined tolerances.

MAINTENANCE (! LITTLE, 5 LOTS): 3

REMARKS AND DATA SOURCES: Onboard computers will be reliable and probably self
maintaining for the life of a mission. Their maintenance will be comparable
to the telemetry link and ground computer required by current technology.

NONRECURRING COST (1 LOW, 5 HIGH; CURRENT TECH.=2): 2

REMARKS AND DATA SOURCES: Data checks (as opposed to function tests) do not
require safety reviews of commands to the spacecraft. The development cost is
essentially the cost of simple software to implement the data checks now
performed on the ground via telemetry.

RECURRING COST (1 LOW, 5 HIGH): 2
REMARKS AND DATA SOURCES: The sensors and computer software to perform this

functional element are less expensive than use of telemetry links and
human analysis.

FAILURE-PRONENESS (1 LOW, 5 HIGH): 4

REMARKS AND DATA SOURCES: This capability can only test the current operational
mode of the power subsystem because it only monitois data. It cannot command a
new power subsystem operational mode. Thus it can overlook problems and
failures in the untested operation modes.

USEFUL LIFE (1 LONG, 5 SHORT): 1
REMARKS AND DATA SOURCES: As computers become more and more common on

spacecraft this method of power subsytem checkout will become standard
procedure.

DEVELOPMENTAL R!SK (1 LOW, 5 HIGH; CURRENT TECH.=1): 2

REMARKS AND DATA SCURCES: Spacecraft computers are under development and they
will be incorporated in new spacecraft designs. The algorithm and software
development will require no new technology.

OTHER REMARKS AND SPECIAL ASPECTS: This capab’lity is only capable of
verifying that the present mode of the power subsystem is operating properly,
This capabifity is passive and con not command changes in the power subsystem
state which are necessary for a complete checkout. Current technology for
performing this functional elemen* is Human On Ground With Computer Assistance.



ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Equipment Data Checks By Onsite Human
CODE NUMBER: 27.5 DATE: June 1982 NAME (S): Howard/Glass
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: g23 Power Subsystem Checkout

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOT<D)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 3
REMARKS AND DATA SOURCES: The time is essentially limited by the human's
recognition time.

MAINTENANCE (1 LITTLE, 5 LOTS): &

REMARKS AND DATA SOURCES: Maintenance aiso includes astronaut 1ife support,
which is costly compared to electronic equipment maintenance. There is also
down-time (8-hour workdays) .

NONPZCURRING COST (1 LOW, 5 HIGH; CURRENT TECH.=2): 2

REMARKS AND DATA SOQURCES: Some astronaut training is required; he or she must
be able to recognize the correct data and identify possible failures. Also,

2 space-rated dedicated microprocessor must be developed.

RECURRING COST (1 LOW, 5 HIGH): &
REMARKS AND DATA SOURCL,: Astronaut’s dedicated time is valuable, roughly
$100k/person-day (Source: Stephen B, Hall at NASA MSFC).

FAILURE-PRONENESS (1 LOW, 5 HIGH): 3

REMARKS AND DATA SOURCES: The experience and flexibility of the human makes
accurate diagnosis of problems more ilikely than with the other, automated, data
checks.

USEFUL LIFE (1 LONG, 5 SHORT): 3
REMARKS AND DATA SOURCES: Onboard computer-run checks will probably become
more thorcugh and less expersive than alternatives involving humans.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 2
REMARKS AND DATA SOURCES: Interfaces and specific test equipmen: would need to
be rdeveloped for a given power system application,

OTHER REMARKS AND SPECIAL ASPECTS: This capability uses a dedicated
microprocessor to support the onsite human (not to be confused with Onsite
Human with Computer Assistance, which uses the Shuttle orbiter computers).
Current techaclogy for this GFE is Equipment Function Test via Telemetry.

4E.17



ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Equipment Data Checks via Yeiemetry %,f
CODE NUMBER: 27.6 DKTE: 5/12/82 NAME (S) : Jones-0Oliveira
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: gi3 Power Subsystem Checkout

DECISION CRITERIA (1 TO 5 SCALES; CURRENY TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 2

REMARKS AND DATA SQURCES: Capa-''iiy takes less time to perform than the
current technology option Equipment Function Test via Telemetry because it
does not call for any configuration changes. However, relative to Equipment §
Function Test by Onboard Computer, its rating is the same because the time
delays associated with the telemetry aspect are offset by the lcnger function
test.

MAINTENANCE (1 LITTLE, 5 LOTS): 3
REMARKS AND DATA SQURCES: The maintenance required will be comparable with

that required by the current technology option, Fquioment Function Test via
Telemetry.

NONRECURRING COST (1 LOW, 5 HIGH; CURRENT TECH.=2): 1 3
REMARKS AND DATA SQURCES: This capability has tte lowest nonrecurring costs !

because it is already available and requires no additional hardware or
sof tware,

RECURRING COST (1 LOW, 5 HIGH): 3
REMARKS AND DATA SOURCES: The costs associated with the telemetry prevent this

from having as low a rating as its onboard counterpart, Equipment Data Checks
by Onboard Computer.

FAILURE-PRONENESS (1 LOW, 5 HIGH): &
REMARKS AND DATA SOURCES: This capability is able to locate the source of a
failure only by deduction from normally available data.

USEFUL LIFE (1 _ONG, 5 SHORT): 3
REMARKS AND DATA SOURCES: This capability wili be made obsclete by its onboard
counterpart, tEquipment Data Checks by Onboard Computer.

DEVELOPMENTAL RISK (1 LOW, 5 HIGH; CURRENT TECH.=1): 1
REMARKS AND DATA SOURCES: This capability is currently available.

OTHER REMARKS AND SPECIAL ASPECTS: The disadvantage of this capability is
that it only asserts whether or not a failure exists and gives little
indication, other than on a subsystem level, as to its location or severity.
The advantage is that it is routine and requires no changes in configuration.
The current technology capability for performing this functional element is an
Equipment Function Test via Telemetry.



DECISION CRITERIA COMPARISON CilART

GFE: g87 ADJUST CURRENTS AND VOLTAGES

The control of spacecraft power systems, including
evaluation of operational and state-cf-healt. data,
power allocation and network configuration, switching
and power level control, mechanical actuation f(e.g.
solar array pointing), and contingency management.

This study concentrates on the evaluation and control
functions, rather than specific switching or measurement
equipment. As spacecraft state-of-the-art moves tow:r i
fully integrated power management systems, this task may
include 3483 Adjust Cooling/Heating Systems (in E. Moni-

toring and Cocntrol).

CANDIDATE ARAMIS CAPABILITIES:

21.2 OPERATIONS OPTIMIZATION PROGRAM

23.2 LEARNING EXPERT SYSTEM WITH INTERNAL SIMULATION

GFE TYPE:
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ORIGINAL PAGL .-
OF POOR QUALITY
ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Automaiic Switching Systems
CODE NUMBER: 1.6 DATE: 6/15/82 NAME (S) : Thiel/Marra
GENERIC rUNCTIONAL ELEMENT NUMBER £ND NAME: g87 Adjust Currents and Voltages

“‘m;mu
v

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, 5 LONG): 1

REMARKS AND DATA SQURCES: This system, because it reacts immediately to preset
criteria, is much faster than systems with human interaction. It is also
faster than systems which act based upon computation. How much faster is a
function of the compliexity of the computation.

MAINTENANCE (1 LITTLE, 5 LOTS): 3

REMARKS AND DATA SOURCES: Although they require virtually no maintenance,
automatic switching sytems are stightly more likely to need servicing than the
self-maintaining computers and control systems of future spacecraft.

NONRECURRING COST (! LCW, 5 HIGH; CURRENT TECH.=2): 2
REMARKS AND DATA SQURCE.: Automatic switching systems have been used on
virtually all spacecraft and are a mature technology.

RECURRING COST (1 LOW, 5 HiIGH): 1

REMARKS AND DATA SOURCES: This application (adjust currents and voltages)

is not a simple spacecraft power bus voltage maintenance operation. It is a

power allocation and distribution as well as maintenance problem. The

automatic switching system can only perform this function to a very limited ;

degree, but what it is capable of doing it does for less cost than any other
option.

FAILURE-PRONENESS (1 LOW, 5 HIGH): 3

REMARKS AND DATA SOURCES: The more advanced, flexible systems, such as the
adaptable control system, are less likely to make an error than the automatic
switching system because they can react to unanticipated conditions., The
automatic switching system can only respond to foreseen conditions.

USEFUL LIFE (1 LONG, 5 SHORT): 3

REMARKS AND DATA SOURCES: As the complexity of modern spacecraft increases, the
ability of automatic switching systems to handle the more compiex power supply
requirements wi!l decrease, and more sophisticated systems will be necessary.

DEVELOPMENTAL RISK (1 LOW, 5 H!GH; CURRENT TECH.=1): 1
REMARKS AND DATA SQURCES: This capatility is currently used on spacecraft.

OTHER REMARKS AND SPECIAL ASPECTS: If this functional element involves

the management of a compiex spacecraft power supply system, it is questionable
this capabi'ity would be practical. Automatic Switching Systems are limited
to simple power systems. The current technology capability for this GFE is
Human on Ground with Computer Assistance.




ARAMIS CAPABILITY APPLICATION FORM

CAPABILITY NAME: Human On Ground With Computer Assistance
CODE NUMBER: 14.2 DATE: 3/19/82 NAME (S) : Spofford/Howard
GENERIC FUNCTIONAL ELEMENT NUMBER AND NAME: g87 Adjust Currents And Voltages

DECISION CRITERIA (1 TO 5 SCALES; CURRENT TECH.=3 UNLESS NOTED)

TIME TO COMPLETE FUNCTIONAL ELEMENT (1 SHORT, § LONG): 3
REMARKS AND DATA SOURCES: This is current technology.

MAINTENANCE (1 LITTLE, 5 LOTS): 3
REMARKS AND DATA SOURCES: This is most!y maintenance of the computer hardware

and software. A high-reliability computer system (such as the Tandem iwan-Stop)
is assumed.

NONRECURRING COST (1 LOW, 5 HIGH; CURRENT TECH.=2): 2
REMARKS AND DATA SOURCES: This includes software development and operator
training costs. This is current technology.

RECURRING COST (1 LOW, 5 HIGH): 3
RIMARKS AND DATA SOURCES: Includes operator salary and maintenance of computer
hardware and software., This is current technology.

FAILURE-PRONENESS (1 LOW, 5 HIGH): 3

REMARKS AND DATA SOURCES: A human with a computer may not be able to explore
all possibilities to find the optimum result, but the operator can compare
results with expectations and intelligently direct the search. The computer
hardware is expected to be very reliable. This is current technology.

USEFUL LIFE {1 LONG, 5 SHORT): 3
REMARKS AND DATA SCURCES: The giround-based software may be upgraded 