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INTRODUCTION

The Informatiom Sciences and Human Factors (IS&HF) Division is one of
five divisions that comprise the Office of Aeronautics aand Space
Technology (OAST). This division sponsors research in both aeronautical
and space technology; the Annual Report documents the most significant
program accomplishments during the past year. Each year, the Annual
Report 1s prepared to serve as the single mechanism for coordinating
NASA activities with industry and industrial IR&D managers. This
document 1is also intended to communicate significant technical accom-
plishments to NASA technologists and project engineers and to other
government agencies and academia.

The IS&HF Program consists of six major elements: Automation and
Computer Sclences, Communications Systems, Controls and Guidance, Data
Systems, Human Factors, and Sensor Technology. Accomplishments are
presented in all six categories; Controls and Guidance and Human Factors
are shown in two sections, Space and Aeronautics. The program technical
objectives, sub—-elements, related NASA programs and potential applica-
tions are included in the appropriate section. Program funding during
fiscal year 1984 was approximately the same as in FY 85, which is shown
below.

ELEMENT TOTAL R&D
($K)
AUTOMATION AND COMPUTER SCIENCES 37,500
COMMUNICATIONS SYSTEMS 7,048
CONTROLS AND GUIDANCE 29,100
DATA SYSTEMS 8,017
HUMAN FACTORS 24,000
SENSOR TECHNOLOGY 6,795

To aid in the communication of program efforts, the names and phone
numbers of Headquarters” program managers are included in this report
along with the names and phone numbers of the key Center technologists
who conducted or managed the significant technology activities.

DIVISION DIRECTOR: Lee Holcomb
(202) 453-2785

DEPUTY DIRECTOR: Duncan MclIver
(202) 453-2782



NASA DIRECTORY

Center

Ames Research Center
Moffet Field, CA 94035

Ames Research Center

Dryden Flight Research Facility
P.0. Box 273

Edwards, CA 93523

Goddard Space Flight Center
Greenbelt, MD 20771

Headquarters
NASA/OAST/RC
Washington, DC 20546

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91109

Lyndon B. Johnson Space Center
Houston, TX 77058

John F. Kennedy Space Center
Kennedy Space Center, FL 32899

Langley Research Center
Hampton, VA 23665

Lewis Research Center
21000 Brookpark Road
Cleveland, OH 44135
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AUTOMATION AND COMPUTER SCIENCES

The overall objective of the Automation and Computer Sciences Technology
Program is to provide the technology for space systems to automatically
perform functions heretofore requiring human reasoning, expertise and
manipulative skills and to adapt computing technology to aerospace
applications. Major sub-elements include automated fault management,
expert systems and teleoperator and robotics technology as well as
fundamental computer sclience research. Support for Class VI computers
is also included to provide aerospace researchers access to the most
modern developing computer systems.

Related NASA programs include advanced data systems projects of the
Office of Space Tracking and Data Systems and the advanced development
program of the Office of Space Transportation Systems. Potential uses
include science and applications missions, space platform or space
station, space shuttle and commercial satellite applicationms.

PROGRAM MANAGER: Dr. Ronald Larsen
NASA/OAST/RC
Washington, DC 20546
(202) 453-2783
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COMMUNICATION SYSTEMS

The overall objective of the Communication Systems Technology Program is
to provide high-risk components and technology needs to ensure continued
U.S. preeminence in satellite communications and permit the distribution
of processed data from future high data rate Shuttle payloads, Space
Station, planetary spacecraft, and low earth orbit and geostationary
orbit platforms.

Major sub—elements include research and technology development in micro-
wave amplifiers (guns, cathodes, collectors, slow ' wave structures),
solid state devices (generic technology at X-, Ku-, Ka-, and V-band,
monolithic GaAs Integrated Circuits at Ka-band), antenna technology
(monolithic 30/20 GHz array feed, precision reflectors, antenna analysis
capability, 1large aperture antenna feed technology and near-field
antenna test capability), microwave intersatellite links, and communi-
cations technology for Space Station proximity operations. Potential
uses include science and applications missions, space platforms, Space
Station, military radar, electronic countermeasures and commercial
satellite applications. :

PROGRAM MANAGER: Dr. Martin M. Sokoloski
NASA/OAST/RC
Washington, DC 20546
(202) 453-2864
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AERONAUTICS CONTROLS AND GUIDANCE

The overall objective of the Aeronautics Controls and Guidance Program
is to provide the technology for improvement of future civil and
military aircraft operations under all-weather conditions and for the
exploitation of new concepts and hardware to increase the efficiency,
effectiveness and safety of new airplanes and rotorcraft. Major sub-
elements include handling qualities and control theory, flight crucial
systems, advanced display and guidance concepts, rotorcraft guidance and
control, advanced transport operating systems, and multidisciplinary
integration.

Support for controls and guidance simulation and system facilities
operations is also included. Potential applications for this technology
are within the Federal Aviation Administration”s air traffic control
system operations, the Department of Defense”s airplane and rotorcraft
operations and commercial airline operations. This technology also has
potential applications in new civil and military airplanes and rotor-—
craft.

PROGRAM MANAGER: Richard J. Wasicko
NASA/OAST/RC
Washington, DC 20546
(202) 453-2866
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SPACE CONTROLS AND GUIDANCE

The Space Controls and Guidance Research and Technology Program is
directed toward enabling large future spacecraft and space systems such
as space station, large mobile communication antennas and high precision
segmented reflector astrophysical telescopes. These spacecraft have
demanding control requirements for pointing and stabilization, momentum
management, bulld-up and growth accommodation, disturbance management
and rendezvous and docking coordination.

To address these requirements, an advanced technology program is under-
way in system identification, adaptive control, integrated structures/
controls design methods, distributed control and advanced sensors.
Because the dynamics behavior of large, lightweight deployable/assembled
spacecraft is greatly influenced by the ground environment, the testing
and verification activity is both ground and space based.

Promising controls approaches and algorithms will be tested in space
under NASA”s Controls of Flexible Structures Program on a shuttle-
attached long flexible beam facility especially designed as a controls
research test article. This facility is intended as a national
facility; therefore, it is being made available to those industrial IR&D
programs designed to develop and test control algorithms.

PROGRAM MANAGER: John D. DiBattista
NASA/OAST/RC
Washington, DC 20546
(202) 453-2863
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DATA SYSTEMS

The objective of the Data Systems Program is to provide the technology
needed to enable more cost effective space-derived information, to
substantially increase the capability of on-board and ground processing
and to provide the computational systems necessary for the evolutionary
space station.

In 1984, the optical disk recorder was completed and delivered to MSFC
for incorporation into the Space Plasma Physics Network. The wunit
provides an on-line storage capacity of ten trillion bits. The data
transfer rate of the unit is 50 million bits/second. The system will
automatically catalog and archive data packets to support on-line users.
The first non-DOD Very High Speed Integrated Circuit (VHSIC) technology
insertion study was started in 1984 by LaRC and JPL. The target of a
ten fold increase in on-board general purpose computing capability will
be available for the initial Space Station configuration. The design
and layout of a GaAs on-board processor was completed in 1984. The GaAs
processor can provide a substantial increase in performance at a reduced
power level.

The advanced development of a ground/on-board Tera-bit very high data
rate optical disk buffer unit was initiated. This program is a joint
effort with other government agencies, and will provide the capability
to rate buffer sensor data of greater than one Giga-bit/sec for
transmission at lower data rates. When the buffer and the VHSIC array
or general purpose processors are combined, an on-board quick look
capability for data importance can be implemented to achieve a sub-
stantial reduction in transmission bandwidth.

PROGRAM MANAGER: Kenneth Wallgren
NASA/OAST/RC
Washington, DC 20546
(202) 453-2868
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AERONAUTICS HUMAN FACTORS

The objective of the Aeronautics Human Factors Program is to provide the
research and technology base for solutions to the human problems
impeding the growth and safety of air transportation. The program has
three major thrusts: flight management, human reliability enhancement
and human engineering methods.

The flight management thrust is aimed at developing an understanding of
crew/cockpit/ATC (air traffic control) interaction that can lead to
improved operational performance and capability of the National Airspace
System (NAS). It includes the development of supervisory control
methods and human/computer dialogue design methods that will enable the
"electronic crewmember” and "glass cockpit"” concepts, and the develop-
ment of theories of human perception, cognition, action and crew
interaction to enable the supervisory control techniques referred to
above.

The goal of the human reliability enhancement thrust is to develop
methods for improving the overall reliability of the crew/cockpit/ATC
system. This includes: the identification of systematic causes of
human error in the cockpit and in ATC through the Aviation Safety
Reporting System; the identification and evaluation of the effects of
fatigue and circadian desynchronosis on alrcrews; and the development of
comprehensive models of crew error and of methods for controlling the
propagation of that error through the system.

The human engineering methods thrust is aimed at developing improved
human aviation crew systems. This includes the development of: a
fundamental wunderstanding of the phenomenon of workload, improved
techniques for measuring crew performance, methods for implementing
biocybernetics into the cockpit and an improved simulation technology
base.

PROGRAM MANAGER: Dr. Melvin Montemerlo
NASA/OAST/RC
Washington, DC 20546
(202) 453-2784
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HEARTRATE AS A WORKLOAD METRIC

bead

e &

ORIGINAL PAG
OF POOR QUALITY,

HEARTRATE

REFLECTS STRESS, NOT BUSYNESS

IS MORE SENSITIVE TO STRESS THAN SUBJECTIVE RATINGS
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SPACE HUMAN FACTORS

The objective of the Space Human Factors Program is to provide a
technology base for optimal allocation of functions to humans and to
automation, and for designing safe, efficient, effective roles,
workstations, tools, and procedures for space operations. The program
has four major thrusts: astronaut/crewstation interaction, tele-
operation, habitability and extravehicular activity (EVA) performance
aids.

Humans will play a significant role in the Space Station both in orbit
and in ground control. Guidelines must be developed for the human/
systems interface on the Space Station, including teleoperationm, and in
particular for ground controllers. Since much of their work will be
with computers through advanced data display and control hardware,
guidelines must be developed which incorporate the latest information on
human capabilities, limitations and tendencies in using them. Humans
will not only work but live in space, therefore habitability and
architecture guidelines must be developed based on the impact of design
parameters on human performance and behavior.

PROGRAM MANAGER: Dr. Melvin Montemerlo
‘ NASA/OAST/RC
Washington, DC 20546
(202) 453-2784
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ORIGINAL PATL &
OF POOR QUALIIH

OBJECTIVE:

Lo compare alternative space suil desipns

_for upper bedy comfort and mobility.

;wrfwm Iabomtnry tasks tlmi impo
predictable levels of decision making
_and response execution difficulty }:sesﬁore

_and after upper-body exercises. _

rcises: torque wrench, rope
weight transfer, and
bicyx:le ergomeler

. }}nmman Tﬁ&k right/left, memory,

and math

|  Target Acquisition: control stick detection,

_target difficulty

| MEASURES OF PERFORMANCE AN

SUBJECTIVE EXPE RIENCE J
?hysic%ogical heart r*aw oxygen upm’ke

Subjective Opinion - comfort scale,
bi-polar ratings

Performance - reaction time, movement time
% correcet, tasks done ‘
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SENSOR TECHNOLOGY

The overall objective of the Sensor Technology Program is to provide new
technology that exploits the unique properties of lasers, the capabili-
ties of microwave tubes, and infrared detectors for passive and/or
active sensing of terrestrial, planetary, and galactic environments.

Ma jor sub-elements include technology development in the areas of
linear, infrared, and x-ray detectors, sis detectors, large silicon
CCDs, synthetic aperture radar, laser heterodyne spectrometer, infrared
and UV/visible LIDAR. Potential uses include science and applications
missions, space platforms, Space Station, and commercial satellite
applications.

PROGRAM MANAGER: Dr. Martin M. Sokoloski
NASA/OAST/RC
Washington, DC 20546
(202) 453-2864
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