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The NASA STI Program ... in Profile

Since its founding, NASA has been dedicated to ensuring U.S. leadership in aeronautics
and space science. The NASA Scientific and Technical Information (STI) Program plays
an important part in helping NASA maintain its leadership role.

The NASA STI Program provides access to the NASA STI Database, the largest collection
of aeronautical and space science STI in the world. The Program is also NASA’s institutional
mechanism for disseminating the results of its research and development activities.

A number of specialized services help round out the Program’s diverse offerings, including
creating custom thesauri, translating material to or from 34 foreign languages, building
customized databases, organizing and publishing research results.

For more information about the NASA STI Program, you can:

© Phone the NASA Access Help Desk at (301) 621-0390

® Fax your question to NASA Access Help Desk at (301) 621-0134
® Send us your question via the Internet to help@sti.nasa.gov

® Write to:

NASA Access Help Desk

NASA Center for AeroSpace Information
800 Elkridge Landing Road

Linthicum Heights, MD 21090-2934
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APPLIED INFORMATIONS SYSTEMS
RESEARCH WORKSHOP

PREFACE

The first Applied Information Systems Research Program (AISRP) Workshop provided the
impetus for several groups involved in information systems to review current activities.
Investigators representing fifteen of the twenty-two Office of Space Science and
Apphcauons (OSSA)/Information Systems Branch (ISB) NASA Research Announcement
awards were in attendance. Attendees also included representatives from the Science and
Technology divisions of NASA, directors of NASA's Centers of Excellence, specific
research insttutes, and members of the academic and remote sensing arena.

The objectves of the workshop are outlined: %

» To provide an open forum for interaction and discussion of information systems
research actvities.

« To promote understanding by inidating a dialogue with the intended benefactors of

the program, the scientific user community, and discuss options for improving their
support.

« Create an advocacy in having science users and investigators of the program meet
together and establish the basis for direction and growth.

»  Support the fumure of the program by building collaborations and interaction to
encourage an investigator working group approach for conducting the program.

FREGEDING PAGE BLANK [NOT FILMED
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APPLIED INFORMATIONS SYSTEMS
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SYNOPSIS

The workshop proceeded according to the agenda provide herein, (see Appendix,
artachment A). The first day was given to programmatic presentations.

Joseph Bredekamp/NASA HQ, ISB, provided the overall context for the program.
Representatives of OSSA Science Disciplines and of the Office of Aeronautcs, Exploration
and Technology reviewed current as well as planned data and information systems
actvities. Presentations were also made on the Center of Excellence in Space Data and
Information Sciences (CESDIS) and the Center for Aerospace and Space Informaton
Sciences (CASIS). These Centers work to encourage collaborations between government,
academia, and industry.

Following this, presentations were made by the participating principal investigators of the
Applied Informaron Systems Research Program. In attendance to these presentations were
scientists, software developers, program managers, technologists and computer systems
personnel. This diversity of audience allowed for evaluation of the broad issues regarding
use, development, and maintenance in information systems.

Presentations topics included visualization and associated analysis, data management
including distributed databases, and software tools for modeling. Several presentations
highlighted remote sensing, software development, and high performance computing.
Many of the activities reported on are based on existing and commercial products, but ail
included advances in the field.

The final day of the workshop was devoted to discussions centered toward three key
topics; technology transfer options, technical issues and future interacton.

Technol ransfer Option

This discussion yielded three different directions for information diffusion, specifically
across disciplines within OSSA, from OAET to OSSA, and across the broader science
community. Issues and options for each direction area differed.

Across disciplines within OSSA, consensus was made that the at-large science
community needs to be made aware of the tools and techniques under development for
the Applied Information Systems Research program. Several attendees suggested that
the ransfer activity be made a formal, explicit part of the program. Some encouraged
OSSA to provide the infrastructure to support and disseminate results. Others suggested
thart the technology transfer responsibility for results be made part of the NRA award.

(V3]



OSSA 10 QAET

Workshop attendees agreed that a closer interaction between the two organizations was
needed, but the mechanism was unclear. Attendees agreed that OSSA should be the
'implementing' code.

Broader Science C ,

All agreed that outreach is important. There was also agrecment that many optons are
already available, and need to be fully utilized. The group considered several other
options. It was suggested that the Computer Software Management Information Center
(COSMIC) at the University of Georgia be considered a candidate for functioning as the
software distribution mechanism for the agency ‘

Discussions of technical issues emphasized a variety of interchange issues. Furiher
discussion of these topics and development of additional topics, was delegated to future
splinter group discussions. Overall, the discussion emphasized the need to consider user
requirements, both current and future, during the tool development.
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FOLLOW-ON ACTIONS

Two near-term actions were identified. The first is to poll investigators to identify current
computing platforms being used, preferred mode of operation, etc. The second action is to
establish a set of test dataset suites, to help compare and evaluate effectiveness of various
software tools.

Since this was the first meeting of the Applied Information Systems Research activity,
many of the continuing logistics aspects were discussed as well. The preferred format
seemed to be an annual meeting, with 'splinter group' sessions for specific topics or
subsets of the group to be included at the same meeting. As additional topics warrant,
interim 'mini workshops' should be convened as well.

Future meetngs will continue to include both the science and project communites, as well
as investigators in the program. Future meeting sites will continue to require infrastructure
for demonstrations of tools (workstations, network access, etc.) In the interim, a network
bulletin board will be established for rapid and imely communications.

w
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APPLIED INFORMATION SYSTEMS RESEARCH WORKSHOP
JULY 22-24, 1991
BOULDERADO HOTEL

Boulder, Colorado

AGENDA
MONDAY, JULY 22,1991
11:30 a.m. Registration
1:00 p.m. Welcome and Logistics Elaine Hansen
1:15 p.m. Program Overview Joe Bredekamp
2:00 p.m. Office of Space Science and Applications
Data Environment and Future Plans
-Earth Observing System Data . Martin Ruzek
and Information System
-Planetary Data System Randy Davis
-Astrophysics Data Systems Alice Bertini
4:00 p.m. Office of Aeronautcs, Exploration and Paul Hunter
Technology Information Systems Program
4:20 p.m. Center of Excellence in Space Data and Ray Miller
_ Information Sciences (CESDIS)
4:40 p.m. Center for Aerospace and Space Mike Flynn
Informatdon Sciences (CASIS)
5:00 p.m. | Adjourn



APPLIED INFORMATION SYSTEMS RESEARCH WORKSHOP

JULY 22-24, 1991
BOULDERADO HOTEL

Boulder, Colorado

AGENDA
TUESDAY. JULY 23, 1991
8:30 a.m. Principal Investigator Presentations
12:00 p.m. Lunch
1:00 p.m. Principal Investigator Presentations
5:30 p.m. Reception at the National Center for
Amospheric Research
WEDNESDAY., JULY 24, 1991
8:30 a.m. Flight Project Office Information
Systems Testbed (FIST)
8:50 a.m. Intelligent Data Management
9:15 am. Open Discussion
-Where we go from here to work together
on program: potential collaborations,
subgroups, future workshops, etc.
-Technology Transfer and Infusion
12:00 p.m. Adjourn

Patricia Liggent

Bill Campbell

i
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P.I. PRESENTATIONS

(Morning - Session)
Experiment's Laboratory for Visualized Interactive Science
Grid Analysis and Display System (GRADS):

A Practical Tool for Earth Science Visualization

A Distributed System for Visualizing and Analyzing
Multivariate and Multidisciplinary Data

Advanced Data Visualizaton and Sensor Fusion:
Conversion of Techniques from Medical Imaging
to Earth Science

Development of an Expert Data Reduction Assistant

System of Experts for Intelligent Data Management
(SEIDAM)

Construction of an Advanced Software Tool for Planetary
Atmospheric Modeling

Knowledge-based Assistance for Science and Analysis
Using Large Distributed Databases

Multi-Layer Holographic Bifurcative Neural Network
Systems for Real-Time Adaptive EOS Data Analysis

LEGEND:

Ms. E. Hansen
Univ. of Colorado

Dr. J. Kinter
Univ. of Maryland

Dr. A. Jacobson
JPL

Dr. R. Savage *
Hughes

Dr. G. Miller
STSCI

Dr. D. Goodenough
Canada Centre for
Remote Sensing

Dr. R. Keller
NASA/ARC

Mr. T. Handley, Jr.
JPL

Dr. Hua-Kuang Liu
JPL

* P.I. Presentation not given/ ** P.1. not in attendence
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P.I. PRESENTATIONS
(Afternoon Session)

A Distributed Analysis and Visualization System for Model
and Observational Data

An Interactive Environment for the Analysis of Large Earth
Observation and Model Data Sets

A Land-Surface Testbed for EOSDIS
Geographical Information System for Fusion and Analysis of
High-Performance Remote Sensing and Ground Truth Data

Development of a Tool-Set for Simultaneous, Multi-Site
Observations of Astronomical Objects

SAVS: A Space Analysis and Visualization System

Planetary Data Analysis and Display System:
A Version of PC-McIADS

Interactive Interface for NCAR Graphics

The Development of Generic and Extensible Software to
Support the Study of Space Science Data

VIEWCACHE: An Incremental Database Access for Automous

Interoperable Databases
A Spatial Analysis and Modeling System for Environmental
Management

Introduction to CADET: Center for Advanced Data Evaluation
Technology

Topography from Shading and Stereo
Multivariate Statistcal Analysis Software Technologies for
Astophysical Research Involving Large Data

High Performance Compression of Science Data

LEGEND:

Mr. M. Arrott
Univ. of Illinois

Professor K. Bowman
Univ. of [linois

Dr. W. Emery
Univ. of Colorado

Mr. A. Freeman
JPL

Dr. Chakrabartl
Univ. of CA/Berkeley

Dr. E. Szuszczewicz
Science Applications
International Corp.

Dr. S. Limaye
Univ. of Wisc,,
Madison

Mr. R. Lackman

Natonal Center for
Atmospheric Research

Mr. G. Goucher
NASA/GSFC

Assoc. Prof.
Nick Roussopoulos
Univ. of MD

Mr. C. Vermillion
NASA/GSGC

Ms. Cathy Schulbach
NASA/ARC

Professor B. Hom
MIT

Mr. G. Djorgovsid
JPL

Dr. J. Storer
Brandeis Univ.

* P 1. Presentation not given/ ** P.1 not in attendence
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Name
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Gitta Domik
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Charles Goodrich
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E. Hansen
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Paul D. Jensen

- Chuck Jorgensen
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JIm Kinter
Allison Kipple
Margi Klemp
Joseph B. Kelemp
Steve Koch
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Pat Liggett
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Vance McCullough
Glenn Miller
Raymond E. Miller
Lynne Norikane
Martn N. Orton
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Paul Rotar

Martin Ruzek

R.C. Savage
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ATTENDEE LIST

Electronic Address

arrott@ncsa.uiuc.edu

bertini @coma.colorado.edu
boyd@mmm.ncar.edu
jbredekamp@nasamail.nasa.gov
campbell@nssdc.gsfc.nasa.gov
auquila:ridavis/nasamail
domik%cosmos@ vaxf.colorado.edu
bemery/nasamail
emery@orbit.colorado.edu
m@sierra.stanford.edu
freeman@jplmrs.jpl.nasa.gov
dgg@ccrs.cdn

ccg@astro.und.edu :
hagedom@hugo.gsfc.nasa.gov
thandley/nasamail
thandlcy@spaccmousc .jpl.nasa.gov
ehansen/nasamail
phunter%nasamail@ames.arc. nasa.gov
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jorgensen@pluto.arc.nasa.gov
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margi@rana.colorado.edu
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rll@ncar.ucar.edu
pat@puente.jpl.nasa.gov
madraf::limaye

hkliu@nueronl.jpl.nasa.gov

miller@stsdu.edu
miller@cs.umd.edu
norikane@jplmrs.jpl.nasa.gov

robson@ccrs.cdn
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omnet/m.ruzek

m ruzek/nasamail

mcl::szusz
awalton/nasamail

Affiliation

NCSA
CU/CASA
NCAR

NASA
NASA-GSFC
Univ. of CO
CU/CASA

Univ. of CO
Stanford

JPL

CCRS

Univ. of MD CP
GSFC

JPL

Univ. of CO
NASA/HQ
JPL
Consultant
NASA
NASA-ARC
Univ. of MD BC
Univ. of CO
CU/LASP
NCAR
NASA-GSFC
NCAR

JPL

Univ. of Wisc,
Madison

JPL

Hughes

Space Telescope
CESDIS

JPL

JPL

CCRS

NCAR

NASA

Hughes
JPL
JPL

Phone

(217) 244-6829
(303) 492-6422
(303) 497-8159
(202) 453-1506
(301) 286-2785
(303) 492-6867
(303) 492-4062
(303) 492-8591

(415) 723-1450
(818) 354-1887
(613) 952-2760
(301) 405-1516
(301) 286-4058
(818) 354-7009

(303) 492-3141
(202) 453-2704
(818) 354-0693
(303) 445-7029
(415) 604-6725
(415) 604-3388
(301) 405-5384
(303) 440-6091
(303) 492-7289
(303) 497-3902
(301) 286-7188
(303) 497-1224
(818) 354-1414
(608) 262-9541

(818) 354-8935
(303) 344-6146
(301) 338-4738
(301) 405-2675
(818) 354-1235
(818) 354-0728
(613) 952-2759
(303) 497-1277
(202) 453-8137

(303) 344-6176
(818) 354-3467
(818) 354-3467
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Applied Information Systems Reserach Program
Workshop

Boulderado Hotel
Boulder, Colorado

July 22-24, 1991

Joe Bredekamp

Applled information Systems Research Program

Applied Information Systems Research Program

Workshop Obiectives

® Exchange information on stalus and plans of research efforis

e [nitlate dialog with OSSA sclence disciplines and other related
NASA eflorts

® Establish basls for conducting program

- Means to faciliilate communicallons and collaboratlons
- Advocacy bulldln?

- Technology transfer and Infuslon

- Future directions

Olfice of Space Sclence and Applications

Objectives of Workshop

Office of Space Science and Applications Information
Systems Strategy

“Inlormation Systems Research and Technology

and Systems Evolution

[s] o) Strate

® Sclence discipline divisions provide ﬁlimary focus for discipline-
specific dala management systems thal inlegrate project data plans
and on-going research needs Into lotal research capabilily

e Provide robusi, mulli-discipline infrastructure

- Archilecture, policles, standards, practices, etc. lo promote
interoperabilily and resource sharing

- Access to high performance computing
- Network services
- Information services (directories, catalogues, elc.)

® Apply and exploit advances In technology 10 evolve and enhance
systems capabilitles



D

Information Systems Research and Technology

anq Systems Ev»t_:_lutiop»

Objective: Aprly advanced information systems technology as appropsiate
to improve supporl 1o OSSA science programs
Elements: Applied research (tools and capabililies, etc.)
Tesibed demonslralions and insertations
Approach: Broaden participation through open solicitations
Provide as parl of frastructure capabilily to suppoit testbeds,
rapid prototyping, eic.
Leaverage with related elforta in NASA/OAET; NSF, elc.
H Applled research program Initlated (you are herel) and well-
recelved
Nexi solicitation targeted for Summer 1992
lssues/Oppartunitiea:
Need to davelop systematlc process for technology transfer and
intusion
Sharpen research agenda (o locus lulure solicilatlons
L] L]
e 1 |



THE EARTH OBSERVING SYSTEM
DATA AND INFORMATION SYSTEM

Sara J. Graves
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Washington, D.C.
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Tha Earth Observing System Dala
and Information System (EOSDIS)

Applisd Intormation Systems Hassarch Workshop
Boulder, Calorado

Sara ). Graves
laly 22-24, 1891
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EOSDIS and Earth System Science

EOSDIS is a pivotal part of the U.S. Global Change
Research Program and the international effort to
understand how the Earth functions as a complete

system
Earth system science objectives require a data and
information system that will

Encourage multidisciplinary and interdisciplinary

o
n investigations
X 4 Combine data from the EOS platforms with datn
P
from other agencies and nations (other satellites,
aircrafl, in situ operational and experimental data)

£
Integrate EOS information with models of
R4
Q>
m

environmental processes and global change

~
LA - rrreeet”f]

e

Major System Drivers of EOSDIS

15+ years

Japan, European Space Agency
(EEAI. and (s’anndn

Climate, hydrolugic system,
biogeochemistry
Land, oceans, utmasphere
Multiple instruments MODIS, HIRS, ITIR, SAFIRE....
Multiple platforms EOS-A, EOS-B, EPOP-M, JI'OP, EPOIN
Distributed system architecture GSFC, EDC, LaR(, JP'L., ASF, MSFC,

' NSID(:, investigator sites

>500 AO scienlists and thousands

Mission life
International partners

Interdisciplinary research

Multidisciplinary research

Large number of users
of usera
Massive data volume 50,000 Thytes
Massive data processing As much as 60 Mbps input, 500 Mbps
output
Metadata Comprehensive directory, catnlogs,
inventories, and browse products

@r“
W KT T

NASA FEEERL
EOSDIS Major Funetions

Mission planning, scheduling, and control
Instrument planning, scheduling, and control

«  Effective resource management
Communications

Computational facilities at Investigator sites to
support research

Production of standard data products
Production of special data products

Archiving and distribution of data and research
results
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p EOSDIS Strategy

wate-n EARTH SCIENCE 8 APMUICATIONS DAVISION »

Woik with the usets to meet thels needs

Make data easily sible for h useis

Begin development immediately

Use lossons leamed om cuntent efforts
Build on existing inftastructule

Utilize open, distiibuted axchitecture

Evolve with advances in technology and Eaith sclence

LAk §-

&

Ry

CTRERS1 0 R 1 i Senien ok & ABPEICATIIRS Didsinn.
Early EOSDIS Objectives

Pravide increased utility to scientists
Improve access to existing data sets

Produce new research-quality geophysical
products

Provide better metadata/data services
Maintain existing services
Build EOSDIS infrastructure/unifying capabilities

Build working relationship between DAACs,
Project, and users

Implement first communications links, standards,
etc.

Prototype/test/evaluate DIS elements and standards
Produce results to guide continuing development
Adopt Earth system science vs. "Earth sciences” view

K rrr———c———

JOSDIS Rescareh Users

Research users must abide by the stipulations outlined in a
“Research Agreement”

Publish in the apen literature results of research based
in whole or in part on data obtained from EOS

Make available to the research community the derived
data, algorithms, and models at time of acceptance for
publication

Data used only for the researcher’s bona fide research
purposes

Data may be copied and shared among other researchers
provided that they are covered by a Research Agreement
or the researcher who obtained J\e data is willing to
take responsibility for compliance

NASA

» EOSDIS Design Implications

AT B VA UM JA T D 130 aban v Y el

EARTH SCIENCE 8 APRICATIONS DIVISION -

EOSDIS is one sysiem even though distiibuted
DAACs me the institutionalization of EOSDIS M
Each new siep should advance us towads the integrated EOSDIS

The EOSDIS users axe the hers, not the g 1l public
Results as well as data must be aichived

Systam must be evolvable to survive

Meeling user needs must be pazamount

Respond to DAAC Usar Wosking Group

The payolfts in Improved efliclency/eltectiveness of the tesecach




LOSDIS DAACs
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> Why

is EOSDIS a Distributed System?

i
&
N
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Recognizes the distsibuted natuze of Eath sclence community

Recognizes the existing distribution of assels and capablilties

Providas for diversity ol styles in data use

Provides for mulliple prolatypes

Ensures capabliity o inlerface with extemal sysiems

D
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b What is th

HUDRN &
e EOS

A 041 ik JB 4L zSnes

DIS ¥

ersl
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n 0?

Version 0 is the tirst manilestation of EOS that anyone will see
Version 0 is the working prototype of NASA's Eaith sctence data

system

Version 0 is SCFs, DAACS, netwarks, and IMS
Vetsion 0 is populated by

Exis!

ting data

Pathfindets

In situ, aicalt, and lleld campaign measuierments

Precursot missions
Modeling and other reseach tesulls

For existing data important for global change

Lavel 1 data to active working storage/safe archive

Scientiats (scademic, agency) develop/select
communily-consensug algorithma/productas

oie .Generates and validate the derived producta

Make data and products uccessible through Distributed Active
Archive Cenlers (DAAC) and metudata/browse services by

Information Management System (IMS)
Working with NOAA, start with four data sets
AVHRR—SST and vegetation products
GOES—Products TBD
TOVS—Vertical profile products
SSM/I—Sen ice, precipitation, etc.
@ Others TBD—Science needs e drive selection

s
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» Varsion 0 - Version 1

Time scale of Verston 0 Is iom now untit
Ous needs require Version 1
Our means are adequate 1o implement Version 1
'gcumv\siltl:oa from Version 0 to Version 1 should fee! like a continuous

EOSDIS is an evolutionary system
Hadwae and soltwae will be coming and going lorever
Service lo the community is preserved by being insututionalized
Continuity of DAACs and netwotk
Meet user expectations, listen to user advice. and obtain uses

support

CJ
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AN OVERVIEW OF THE
PLANETARY DATA SYSTEM

Randy Davis
Univ. Of Colorado
Boulder, Co

(303) 492-6867
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An Overview of the Old-Style Planetary Data Delivery

Planetary Data System @

PDS = ® —= |

Data Records
Preaducte Dats

% Generatlon . l._ : _;..«.m

Planciary Dois Syviem
l Adhos
Duta

Presented at the
ka Systsms R h Workshop
- Praducte

Applied Int

GOR — Luparuncaiol Dots Rosord
MB30C — Mosenal Bpa0s 8¢ \wane Dute Conter PR
Othes

b
RnndnynvIl
Ualversily of Colorado
Laboratory for Atmospheric and Space Physics

2
m 22 Juty 1991 ron
Cé)‘ LE I PRUTRY N )
= _
9]
- Modern Planetary Data Access
b
g CLB08 Pachals “:.“'.:‘.?.‘" NSSDC
™~ tnvesiigsior §
I | — | |
2> sciancepsta | | war JH sece e r—-— PoS
:xa Disteibution . Base :
. ¥
M Investigstor 2
(. CC308 Pachoie
=i
- Tegee MIPL
F: z::«m-.::'nnumwu:q
= 180C ~ maseaa Specs bonce v e | Othor Sclenttar
T P08 — Pansiary Dot Bystem
BPOC — Speco Fight Oporsiions Coater
R Sumte. 2 208 m

11-D



T. Martin, JPL

G. Walker, JPL
Y. Flwicher, JPL

Opsrations
Toam

PDS Project Organization

I Pioject Mana I S. McMahon, JPL

Sciance Manager Project Sclantlst  §S tee. U Cob
Bassline Manager Prajsct Englness | M Martin JPL
Miaslon Product Mgr System Engineesr § D. Childs, JPL

Olsctpline Hodes

Systam Englnseting
Toam

ProS
S lete-Boam-0 Wind

The PDS Discipline Nodes

Washington University

Atmosphares Plasma/Pariicles
Unlversity of Colorado UCLA
Geosclances Rings

Ames Resesrch Contar

Small Bodles

University ol Marytand

U.5. Geological Survey

imaging

- nn

Navigatlon and
Ancillary Information

Jeot Propulsion Lad

ro8
B ete- Miasi-0 el

Sample Discipline Node (Atmospheres)

U. ol Colorado

Planslary Aunssphsiet Dalabase
and avisnll neds Managemsnd

we

Subnodss \ /Suhnodn
[Goddard Space Filght Canles U. of Atlzona
104 rndiamelry and specirescopy Ulttavielel specirsacepy

Ames Resanich Canter

Jat Proputsion Laboratory

el siraidstion madeiting snd
Mmespharie dynemics

meleculst spacusscopy mdisilve
innasier smd radie scisnce

Naw Msxico State U. U. of Washington
maging of
ong term shimate dals dynsmics snd medaling

POS
(YR POTIRE AN

How Users Access the PDS

® \Q@

)

Central Node
NSSDC fr

Disciptine
Nade

b Voot coa Badt oul shaul POS ols hoisings thisugh
e MREOC Mesier Dirwsiary

A Uowra con soarth ihe POS Coiaiog ot 1he JPL Conudl
Hose saa ordar doissein. Ordere aie Lypicery
Phond 64 16 1he Dincipine Moden fot Iuifiiment

3 Uosrs 688 ccace ond Mder doissnis SHacrly kam i
Olociodon odss. Bows buin arders are lited by !
HSOC retnes thon i POS

& Bemm ordere Wil rauie dsis Lisanier Wem
Suantden bul 101 il $AeS e 1A psrOM 10 woor

0}
—

—————

A

Subnodes

o3
B Bove . Maatr-8 B



Planetary Researchers Work in a
Heterogeneous Computing Environment

Computers N
- VAX Hetworks 1
< VAXSiation « DECHET/
- DECStstion . TcPIP Databass Management
- Sun - G {al RDBMSs
«  Macinlosh - Homegrown Systsms
- IBMPC
Opeinting Systems
Data Analysls Envi T s
ata Analysls Environment l
- 1oL | - Un
Programming Languages - Macintosh OS
- FORTRAN . MSDOS
- C

roe
Abon-man-s DAl

Standards Being Embraced or Examined

+ Opersting Systems

- Posiz

= Networks
- CCSDS telametry/command systams for space-lo-ground tinks
- 0S) pllant ground ks

» Database Management Syslsms
- SQL for queries
« Data interchange
« Object Dascription Language (ODL) for idsnillylng and dascribing data
- Limited use ol CCSDS Standard Farmat Data Unlte (SFDUs)
- 1S0 9660 CD-ROM lor importing/exporting large volumss of dala
« User interlace
- X Windows for basic uses intertace funcilons
- Molit for Jook and feet

33}
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Concluding Remarks

Thanka 1o CD-ROM, PDS ls moving trom distributed databases 10
aistributable dsiabases

- Planetary CO-ROM disks are svaliable for usa kn your work
The denaminat p hsrdware conliguratian for
planstary sclancs Is changlng:

- From:a VAX and 3 VT-100

« To:workstations with sophisth d graphics cspabilitles ,

« Macs and MS DOS hi ma mote impotiant since

b
good tocls are avallable on these pru!orml

The planstary community Is stsiving for consistent and robust
! (srfaces b tentlats, Night project systems, and the
disciptine archive (PDS)

Wa In the PDS walcoma discusslons on how ta make yout resesrch mors
useful and fable to pl y scleanil
« PDS is 8 working system, with stringent quality and coniiguration
controf, but good naw technology wlil stways be considered
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ADS PROJECT REVIEW

Introduction & ADS Overview

Alice Bertini
CASA/University ot Colorado

ADS Project Revliew

Introduction

What Is the Astrophysice Rata Systam?
o Response to Needs Recognized by Varlous Studles
CODMAC Raports | {1982) and Ul {1988)
Astrophysics Dsls Cpecations "The Mactin Report® (1886}
Astrophysics Dala Systems Study (1988)
Information Systems Sirstegla Planning Project (1990)

o C Th of Stud!

Large Influx of Dala - 10's Gigabytes/yr -> Tersbytes/yr

Knawtedge of Dala Holdings - Whsl? Where?

Access to Data and Meta-Dals - Calalogs, Dats Products, Archives, Documeniaiion
Multimlssion Access with Security - Networks, OrvNeas-Ling Access, Authenticstion
Applicable Inte 21* Century - Flexitle, Extansible, Evolvable

Sclence Ditven System - E or Enable Sci A h e.9., Pan Ch
Sludles

S rim

NASA Mission Data Vidune

Cigetpin

*
"o L " (L 1) "

ADS Project Review

latroductlon

Slatus of System Now
® Operational System
100 Registered Uaers
16 Datsbeses from § nodes

600 Querles 1° Month
70,000 Records 1* Month

o Transition from Development to Operatlons
intemnal Re-organization of Project in Progress

Emphasis on Operation of System
Project Plan Based on Providing Sclence Servicas to Users

LT ALY
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19 Reference List for 2L Catelog of Einetets IPC Sowrces

The Einstein lasge Proportional (M"r source list 'ru- o%XAl
Published IDs for 2L Sources -M
Field Parsasters for the fine! High ln. Imager Source
Source Parsasters for the hnumn m‘n Res. Insger Source
field Parsasters for the (PC Source L

Infraored Processing and anslyeie Center

falng !-wru Survey Catslog Version 2.0
o Lob rorsd Sy Survey
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SAO
1PAC CASA | Accouwt Einsiain
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TRADITIONAL ACCESS METHOD -

® Many Accounis
* Many Oiltmenl Sollwaie Packages to Lean
* No Maesns ol lategrating Data

ADS PROJECT PLAN
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ADS Project Review

Top Level Organization Charl

403 Project

P ofoct Varager
Praject Scleniied

ADS Project Revlew

Overview

fclence Objectives of ADS

o Provide Informatlon on E and t fon of Data Hotdings

® Provide Access to Data Holdings

@ Provide Suificlent On-Line Information on Data for Sclentific Use
® Provide Tools for Selection, Retrleva), and Manlipulation of Data
¢ Provide Tools lor Information Retrieval (Textual Data Access)

® Provide Access to Data Processing Services

o Provide Tools for Dala Processing, Visualization

. rre

a5 V"

ADS Project Review

Overview

Major_Milestones of ADS

® Astrophysics Data System Warkshops: 1987, Repoit 1988
Working Group Formed 1928

® Internal Alpha Refease t - Q2 1989
User Interface Prolotype

o internal Alpha Relesss 2 - Q4 1989
Olststbuted Dala A P YP

® External Beta Release 1 - Q2 1990
Dlsuibuted Dala Base Access via MPS
> e dt

¢ YP JuUeY

¢ External Beta Release 2 - Q1 1991
DatsBass Server
Hovice Enviconment
Operationst Testing

® Operational System Release 1 -Q2 1991 .
16 Calalogs On-Line with Documentation .
100 Reglstered Usars

oM 1A

ADS Project Review

Overview

Sclentific Rased Senartos Imply Functionsl Bequirementa

@ Cross Correiatlon of Catatog Data
Coordinate Conversion
Shy Binntng, Distance Test (Search in Cone)
Combining Data
Export Results

¢ Location of Data/Objects
Hame Resolution
Browse Dala Sets
Order Data Set diste T
Visualization

® Data Processing (Examples)
Source Detection with Custom Psrameters
Deconvolution of images
Speciral Fitting
Fiat Flelding

o e
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ADS Project Review

Overview
Sclentitic Based Senatloa lmply Funcitonal Bequitemenis

® Simple User Scenatio
What sources are ssen lo both X-ray end IR spece observations?
Is thers a coirelstion of X-ray snd IR fiuxes for & elnn of objecta?

o Actlons
Get X-1ay sources over some range of paismelers, 0.g., RA, DEC, Clase
QGel IR sources kn seme renge of pu-mlul
Compare source lsts
Plot fux vs flux

o Functions
Access Ramole Databases
Convert Coordinstes
Match Objects by Postion
Extrach Interesting Measuwrement Dale

e
(—y-=r=—a—ra T 1
- o 333138 -t
— st
- R
- e ®m & W vt oryares
s BB Wnun s
am—— » " [
o - -
- T St ST
- % ——— g it
. ees Plecrs Cugs Buum Far Surwresh
wansemmmns
e "e teee TTmart arars
HEE TN 3 31 R ST - l

Plot Results
LA
ADS PROJECT PLAN
SYSTEM OVERVIEW
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Future Functionaf Milestopes

® Catalog Access Taols
NED Interface Q1 92
Name Resolver Q2 ‘92
Locate Data on an Object (P Q3 '82) Q2 ‘M4

AS Denemstintion SIMBAD lnm.fa‘u ?
' ot 1 ® Data Set Access

PYY [ —— N Data Aschive Capabitky (P Q2 '92) Q4 92
‘e Image Dlsplay (P Q2 *93) Q2 84

bt | e Graphics Dlsptay (P Q2 '33) Q2 ‘34

bt | Propriatary Dala Access Q1 ‘98 R
3% Data Analysis Tools 7
-as
o ® Text Retrleval

(1} Distsibuted Documentation Q4 ‘92

o Text Datatase Indexing Sch Q2 98

L] Keyword Augmenistion (o Indexing Q3 ‘98 .

. Taxt Retrioval System 04 ‘98

LI

ADS Project Review

" Overview

N e =]

@ e 0 1o W o Tove 40 98 wd g Go 200

Sclentific Project Enabled by Funciionality of ADS

© On-Line Astronomical Literature and Documentation

Scarined Litsrature from Astronomical Jowrnals

T jE « Datd Archive
b ] I 4
&l B i 15 o Re hno!
;.' :‘% : ! § « Indexing, Aetrieval
1 I 'F' s 3;5 Tranemisaion and Viewling of Documents
Hd -1 R anf ! « Display of Graphs snd tmages R
3 -1 o ) - Display of Scanned Text Is a New Function .
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OAET COMPUTER SCIENCE
& DATA SYSTEMS PROGRAMS

Paul Hunter
NASA/OAET
CODER
Washington, D.C.
(202) 453-2704
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OAET COMPUTER SCIENCE &
DATA SYSTEMS PROGRAMS

OSSA Applled Information
Systems Program Workshop
Boulder, Colorado

JULY 22, 1991

Pauf Hunter
OAET/AC

(LYY, 1)
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COMPUTER SCIENCE PROGRAM

Jincludes: ARC, LaRC, GSFC, & JPL
-Supports: RIACS, ICASE, CESDIS, CASIS & ICLASS

* Program Drivers:
-Accelerating NASA applicatlon soflware
.Jmmense dala set access, distribution, and visuallzation
-Disirlbuted, hetesogeneous computing systems
-Advanced Information processing concepls
-Collaborative research & telescience
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306-43-

OANCNIVE: .

Pravele fnadsmraist research tn derelog algnrithms shat mop elfecilvety W with both very teige auebers of
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) Dochond - Cote 938
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Damnnarstad rswdeg s fu MIP gy ot o« bropt Uadrrmanding
» §eo il Ubrmevsion Comp sion :am::-rum.,':'h
« Pty of grgrme b ema Bawisely
ovrpacrt o hrseongurareet
jrhm e rchiactyres
Mebots Gag Volortty Computation Chda Dywawieal §yuees Slnlniion
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— wptaivs, ofies HI aormans &4 et 00 9 Mar? )
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Dynamic Load Balancing Strategies for Multiprocessors
Nescolption ’

Resesch bt being corvied out 10 drveleg slvenced synem soliware sad progroenming eaviraments it enahde poraite prrce sy i be wied
eftesnvely fw sniving sppitcssions chosen wades the Acrrckacs Ciand Challenge of NASA's High Performmance Computing lnitiative
nnen I-rmuln. week b being corricd out T fowe areas: (1} compile sine tnd (H ) run-time ansicgies ot mepping parsiiet programs

onta muliproce rers: (M) simletion ead {te ) siealization svoke for p prediction sad valkation for the mapping sresegics
devebrped
Signaifteance

At described b the MY Program Paa, one imponant problem to be solved la nrdcr bo witeln 100 fold bacrease in yritem performance™
invidors the e veb yone st of barNigemt operaing aysiem fou high pesfarmence, highly porafic] compuing synems  These apecsnng sysicems
e 1€ ahie i sasnstic S map spplic suons aam mukiprrceswey ja 8 mannce ot sk e d of the cownp 4 resourcey
withandt sevquicing changes & she applicaiion.  Ststic mapplag swategles sprraie o1 compile thene; they diswibuie 3 problem acrms many
TN w21 I minimiry elapaed Hae 10 Complete 2 evolusinn of oa applicsiion. Dynsmic mapping twaicgics that oyerase of foa ime
must sl deveboped 10 deal wish dyasmic syaiem loed vacisinon that reselt from wentiag mwdiipte divciplines vy frmn time depeadent
(banges b o given disciphing. Shenlation snd irmtiven el wive b de veloped 10 provide rupid feed hach for increme el e finemest
of these mapping 16w pics.

Current Status of (ke Accompiishment

At 8 resuh of the simulsiion end U ts developed tn FY0, we were aMe 10 wndessiand snd valdese “Tou g
Analyris”, 8 static mepping westegy e abject oriensed pusticl pengrame snd mekiprocesses devehoped b FYRY Awanticle descriwag ihese
wwrrndathon sl vinuatirstinn weds (cafied ATE) has been selecied for publication e a special line (/1) of ITTE Sotiware. Curembe, ALy
Fring wied lov the developmeat of dynomic mapping wnategics. freliminary simulstion retulis show that the ursiepy we develogrd -
peefoem conveainel krod balancing smane gies sad ven post gone saalpsls. Ta FY93, we plaa to validase these Wi pic with e NASA
applicysime on sthe Insel WSC/T T — 0 118 mode smihicnenpuier o0 ARC. The visuallrstion irmls will alvo be casended to enstle the
fergranmnes m ¢ Dt nbnerved performance Perlencch § and epecific events (sach o8 measepe pevsing) with specific code beafies.

TFUHNICAL CONTAUT: De. Jerry Yan, AR, (493) 684.0381
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teal 1 AnnMeatl
Frasable FROM Newral Helwork Imp snd App DISTARIBUTED ACCEDSS vIEVg lNTEaRMED DATABASE
AVID) SYST
e wersall s tbee od this aml mad 0 06 drovh @ Freaily, prrgrommale, Sne- seboiis o paapeic memem iy (FIROMY. be grose s tn { )
et mrtaral ande e gl anagers, gl dt mrmaro - Sabper il othon praroviel 00 “umast”, highly pareied, fauh wherast ereraparcvess
4 NASA 4 gompivs swhesastvs rorsring ards Thin cnchibeg trvbemdogy b ¢ qrtiully prumbiog 8 prebdras oo whrvs comcomsirnad skl Due 1a the diversity of ] ating sy 3 g sys| 3 k proto-
- Al o -ty cols. aic.. NASA space scientists hava lo learn many dilterent access meihods » oider lo oblain
dala. For exampls. n NASA's Space Asiiophysics Frogram. Astiophysics obsefvalonas such as
Bt od e svsrat esclovment s wrsih Lof arorel arineeh o stems forvm besd, the St srwid iomd = wlve . the Inteinalional Ultraviotat Explores (IUE), Hubbla Space Telescope, Gamma Ray Observatary
s st e B8 b e d otk (gt iy brarantes and ot somlinr ot o e VU3 e hambeg 0 @ imaAy byt e e simnts "Gn()) elc, genarally have one of more d‘:ua centers for the anatysis and distrioution ol dauu! he
tmett a6 B0y ol frhaes 1o o o e oot moviot pelic o b (soney sisiy, I} brasures of areel arveads bubat s alarogeneity of s data centers makes phy multl h alinost
whgesr ot ol hak il ® e bedrwrmate: N ol arvovonh ¢ govanieg avaire s, 20 pbyeive wiwalc srnpred, by . .
— -.-o-n-vm-»-: .::':.:... —— . cative .-:_,,__. —— The DAVID app o the b q disinbuted syslems problem is al fowr levels. A1 ¢
e rrenog o e ot ot bt o - tha lowest lovel, we develoo universal obyject type managament systems 10 provida uniform access
™~ . toh 4 a , Wnages: spinad: ] . etc g systems Al iha
second level, we davelop “book™ and kit” q tll o da unilorm access (o
Fontrbom ond qerd the 00 b siors of pres o ervareks - g0 coly bt bt ovd 66 Be drovbpmnrmd of arplicsden wov i qeviel o, aqgregate sets of data objects Al the \hird level, wa dave ’!L .'u"r - M access 10
sovkg budese o FY NI e pregsmn bsa bron Bughtiptrd by roe ol dhw faa #oey Ay evemararivan of 08 wruing bedoary bowrd arw ol areard alocal area ks of - “books™, “kils”, and other data 0')]8(:'5 Al the fowth
P . .
e ""_:‘"' ‘."""":":"':":‘::':F":'—‘:" -ty """"":':':::“:“_"‘::':: fevel. we develop consoniums of hbraries 10 provide accass 10 sets of ibranes
Cys btk aboe amd hraders aer . 14 bennd sl wvenet ¥ e, e -
ceanim ERIHEdrare, shul sthias ot inposbiaw grite o lopivowastrs apey 0 2a b 0% Snairg povc b, dyemm range, anr. el by et The DAVID software is being used on ihe NSSOC Data Archive and Distebution Sysiem
bibte (b g rd saeesep b e § v gomind boe B iy ird e B bomarh ot the Bndbrtmy probmemince {oedrs the e s of (NDADS) a3 a kont-end and lo disinbule IUE observational data.
fe grags o 1o AL ot o ik 0t s W1 B w8 gl o il the 0nobeg 2l e aboley e srpuieed by o o4 e arad '
waarah it Ihwror drsarewger-rm e rodbmg v o bmdumt buy Pl el o
he V8 %0 b e By g e M et 0 wnihs mrmny drvae (T TRIS) oo drybderly @i ord oo e ey neforones then Wa sermnray 4 ca Technical Contact: Barry E. Jacobs, GSFC, (301) 386 5661
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PROBLEM:

HIASA space scienlists have lo learn many ditferen)

access malhods in order to obloin dala/soliware.
SOLUTION:

Disiributed Access View Inlegrated Dalabase (DAVID)

DAVID Concepl DAVID Approach
= Universal abject typa management
by saip o ‘ -
, N solteare 100l, index, naqe, elc.
'. i = = =~ Aggregate Sets of Relaled Objects: books
l.:]ul seiols, hils.
- Litvaries~ Colleclions of holdings
~ Consortiurn of Libraries~ Aqgregate sel

of reloted ltwories.

ORIFUTIVE:

The eieciive od the bnscligent Data Managerens poicct 1o he resranch g nsclligent hnoaiedge bose snd dasban
sex honse 3 aee s, nchaking wacllipen) qurry Tonmsdnion basrd on domain baowferdge -dar antificial bote Mopence mvesnh
devehynrns s FUTS SydenR, wrmtured search, sannined lesming, Susarang date labchng, corpinging and chasacierization,
Bonvw Wrrdge wepsstn, inteamctive graghics, dane bedpe based prbieom wiving, ohirct areoend daishaves ond grugrapiee
wnlennwnm sy sl naineal (2aguspe prosinag Vhe resean b et shivess the archaical ovss i ihe comeul of the
gcmnlm:; o dsinhase aysitans that ars required by NASA: Lawwicdge imets) dutabescs, apesial databases sud comphes
reinnasl k.

ACCOMPLISIHATENTSE

Y
w wmreavnd d et amd ; o the comuensc i of 8 high kevel ooy
cepruates amurad banpuape e esting, el reawmang 2 ppnied by 8 .::r‘ ndcrmaticn spsiem, snd
sord WeETS N EIENE [UITINE l-lulpmuhundu'--k«n‘-dn o] peen: bavkedge i #ahe
fichbod reseach (ty cxmacting Righly decriptive wrtadata that is ewlers of magnionls smslics shan he raw dale. the
wa an be sear hed w0 saiisly the stemius mgmmh.m—umum resprnsg thees.

STATUS

This wewh hay beea preseascd ol variows conferences wd n refererd journals, inchafing en lavierd arsicie for
hommgramemensc snd Remone Seanag, fume 1YL ond e Frunth temmatione] Conlrrence va Spoviol Dus Hlomiiing.

ITOUNKCAL CONTACT: Wilkam §. Camphefl, OSFC,(01) I8¢ ATRY

s

h@@w 'é/ilafwawm! .
International Ultraviolet Explorer Catalog
Query System v

Right Ascwmmaion

¢S To .
Automatic Image Dats Encoding and Analysis
3063911 C
ORECTIVES: " " .
Ove main objeciive b o perform tundameatsl rescarch ba swameied spprosches (re encoling wwhispeciral imagery dua i
wmage sepmems bustd o the spatiel s ture of the i J duie, snd 4 weihors oo analy Whis encinded

daie o8 8 sepoal by mgment buss. A secondery nhf(;" I8 %o develop critenoa for evalusting e ellecuvencrs of owt analyss
sppenachen om NASA revmasely-seased bmage dote.

ACCORMPY $S1IMENT:
There aru o variety of woys bt ‘mmwnhngmal relerence dota lon waiailite reanosg WwauA dus  One ol the =
pheen mierpaet bow alibiude perisl phovographe dad thea digwire e caver ypes oa 8 digiiriag tabied  1he tesulung gromad
datg g 20 thea e segruiered tu he sascline wmage. e,
Vafintenascly, Shere rQ mony opprteamics fe
eelerem e dain drpemis on the wpaciag of the prams selecied re
ovel ermey and wsud deiad in the grovad refenence dats hecome goulent.
cones ing theoe ermas ond sdling detndd b the primnd referemce dots shenugh 1he wse of & hight [ Ol
m s involves the woe of overtaid vitwl disployt of the saseRise lmage data, ihe grommd relcreace 4
¢ image daa.

ot @ Several pogrems e implemened
image dhaplay sysiem 6 <fect baecruciive by
crniesgend o bowndaries beiecea he growed c e nguish by the grownd referemse Gl The mrowhung refined gromnd
sefeeence file that con be wicd for meors sccwsie evalustion of acw imege analyus algnnhms.

STANIS:
AV ke polat fonding son ot frr this 15k, the imseraciiog line editing ame Rave been applicd a8 128 by 248 el
preticss of 8 fandut Thematic Moappes duis set, giviag esveliens sesuks. When mre funds hecrme svailable, this refinement
Se bangere ool he spplicd e seversl mhet ket daia scis ond proved reference fiket.

Yechnscal Comtact: James C. Tikon, GSFC. 101) 336 9910

h Sclence lalanmetinn Sysieme Cemer LS1SC) VAXCluster 3nd wuh aa IVAS
of s map lrom se imoge wgmeains o kave oaly thee clee ']
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AUTOMATIC IMAGE DATA CODING AND ANALYSIS
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/ SOFTWARE ENGINEERING PROGRAM

HOST INTEGRATION ;...
SOPE SRR ST AN
oL . ;

Jncludes: LaRC, GSFC, JPL, & JSC
-Supporls: RICIS

» Program Drlvers

-Very rellable soliware o P :
< . R 3! P i
-Software productivity . . i A J
OPOSE, DEVELOP, ON CaNTROL EPLOY %
-Very large/complex soflware systems PEUS)N& aoumm{s‘ g‘#%i&l&:gynog‘g ’ Eﬂtﬂd gﬂ%‘ﬁ N

-Legacy systems

: 9o .
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Machine Learning in the Knowledge-Based
Software Engineering Environment (KBSEE)

Ing (NISE)

Descriplion: Any coltwvae pro! Q envi hat iy d 10 only apply Cutrend technology K currant
141 1401 1¢ bhely ‘0 heroma nhnoinle win bee y What Is nasded 1o reiignle this potenkal nbiowtcance e 8
Inaenay hoerton 13§ apt 10 avobeng HASA sysiam 1acuerements snd evohang sohwste pracices, and 2 buid on
tar-ana butrned kom PAS] #op In soMwae d. A Bs1ed S 9
1 nvunan.sid (KBS EED it beng protolyped kor the Otfice ol Space Operstions le suppor ihe emend and symthetis of
eysiema hom eyt A0 Solw:we components for spAcecral control Centers  Withia ihis KDSEE, the concepis ol machine
Wwarmng and case based ing Be being d, and sn \ g 8 KBSEE's sbily to lesn

new design concepts wiidn a Payload Opetations Conlrob Coanter (POCC) ts underway.

Significance: A process ol humaa direcied maching aming can Irsure that newly scquited hnowledgs I Conpunchon
wiihy praviously Scaulied pxperkse €an be proparly and sysiemaicsly uilzed lof new sollwaie engenesiing Ackiviles.
incorporaking Such 8 Capabibty wiitin 8 KDSEE wdl incresse the vseid Sleme and Ihe eReciveness of he KBSEE.

Stalug: An espenmaent it In progress to ncorporale machine tearning In & soRwae enginesring snvisonment. The soltware
domn ol tha expenment is the POCC sotwarg sysiam lor the Gamme Ray Obssrvetory (GNO). The question lo be
Answered by the espenmant is °can the KOSEE be 1aughl o prolotype & rew design principle based on ihe speakc ca
ol the GNO POCG History subsystem, snd have the nb-i'! 10 generatze thal srample into aa Inlemal design princpl
cAn be nopled ta the C cf 1] T S L] pleton of I exp: will be & frst demonsiiation ol
KOSEE's tearning capabilty. Prebminary phases ol the exp have been hully d. This Brst eaperk
Is scheduled lor compietion by ihe end ol this calender your.

Technicol Confaci:

Wak Truszkowsid

Code 522 VAulomation Technology Section
Graenbet, MO 20771

(301) 206-8024

Machine Learning Experiment
in the KBSEE

Formstaion of Dusign Nincipiole)
“peciic to Subeystom | —_—

Loaning Machordom
Agplic sthon ol Gores i rad
Desian Principinbs) 1
v ! -
98 cusrord aspuimant the dnaien poinciphas & em the (0 FOCC
Ll © 1 *Nonp Rasitme and Hon eaifieng pracwysing
wpmue, B I ‘Uonup proarasring o0 @ dde bavt’ @@ gener diied ';"’ Andqe a;"d So |.:‘
Ve we " 8l e vore dele and hove ngineeving Envaonm
Alfrreel poviamance (hw acirishcy hen boog the hnc ooy sope sa #OSEE)

ot srm apsiate btk bt o 1w g shiect * Thig now principle b sppited
0 00 drregn of the Cammand Subiysiom

P

The Saliwate Management Envisonment

The foliware Manag Frvi (SHE}Is e s foof dasigned fa sssisd 4 managesa
monitoung, snAlpzing. and controlling an nnqoing soltware projact. The majot lunchions ol the
SME nclude i1acking soliwara pragecl pasamaters, Analyzing tha ditteinaces betwean the

o praject’'s development patleing and the e1pecied devalopmant patiain withia tha

apphi e st A

1i0n environment, predicling characledi such as 1] . cost, and Y.
aste~sing the avarall quakly ol Ihe ptoject’'s developmeni piocess; and providing aidvire and
quidanre an management of 1he soflwaie project To pravida thase lunchions tha tanl

te d data lram tha project ol Interas) inchushag

L] . changes, ulilizel and camplated milasiones and compartes this
informailon te dala rom pest piojects and (e 8 madel of the “typical” project.

¢ 1990, 1he SME has been ertended and Improvad 1o Include fuacunaally for
Ject problems and tos sstending ils ability 10 madal the peoject

b Wil Ihese U n teleasad lor use by sallware
managers wilhin Jhe Fiigt Dynamics Division al the QSFC. By utihizing the SME on angoing
s0liwnie development projects withia Flight Dynamics, the managers will be abia to eHlaclively
compare, pre siyae hey project paramatery, Thig teleare ol \he SME tepiesanis the
Niest use ol the o Insight inle Lhe accuraty and
usetuiness of tha tool, a8 welt as help 10 e51abNsh future resenich needs fof the SME.

Duting tiscal y
esparl asy

)

Outing Ihe nect yenr, the SME witl be preparad for o other organizalions oulside of
Frghl Dynamics. This planned ielesse wil begln sh the usalutn of such e lool In an
envitonment bayond 1he ona lof which i was originally designed. Other planned research
Includes Ihe developmant of an overatl project masessment function and fo begin enamining weys
ol praviding guidance te managers tor solving development problems.

Vechnical Contscl: Jon Valelt, GSFC, (301) 286.6504
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ESC, or Encyclopedia ol Software Components

TASK DESCPTION:

~ahyyp 4 cnialoguing and selri g system
. an eirctronic metaphot ol an encyciopediy
corg 1) imMo a dy linhed ledg

« multiple access modalitles

~— goal-diected seaiching

— browsing wilh hypeslink lracing
« dislributed contents

. 1% in many ptog Ing lsngusges and of many levels of granulaity
« conteats ol many torms: code, documentiation, grsphics, sic.
« Encyclopedta Consiruciion Kit suppotis user ! and sp Nzed 13

NASA NEED AND SIGNIFICANCE:

« an Inteschangeable sollware parts technology 9 grestly needed
—3uch s logy has existed for hardware for over e century
« reuse will not be widespresd untit i Is essler and chesper to tind sofiware than 1o wille R anew

CURREMY STATUS:

+ conceptust prolotype: June 1390

« pratolype rung on colos Maciniosh systems

« Activitles lor 1991
— collect feedbsack on Inlerface snd contents
— updste the conceptusl prototype

— anginesr insertion snd telrlevs) mechaniams

- uch p ninery ] of toles of Al {sriificial Inleliigence)
T d Dr. Brian Beck , JPL, (010) 334-1252
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study:
standecds.

sech
mﬁ?nlllulln sctivitien slong with configuistion T and quality
dance and Comtrel Softvere (OCE) Im accordance with the Redle Techalcal Commivsion for

develoyment of Oul

he Caliure peacess of avienice seltvase

ps i
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standerd Ouldelines (or Lhe Validetion of Avionice Softvere

Anits A, Shegne

.
Mesestch Teiangle Institute

mat. ns Jurnasry 1990
mor 30%-66-10
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Code AC

D!nlln
:rnlu tnduatry standesds Cot the development of Seel-tise sottwase (ate sn especimentsl teat-ded for
and 043008 the sllectivencss of mathnde wich cooply with Lhese

Aetonsut Ics FTCAO-(T0A quidelines weed by the Fedesel Avistion Adnintstistion (FAA) lee the «nlu::lon ol
the » at

avionics sottvere. Appl

odutes In the genetstion and testing of thise 1ndepe.

s c
werelans of the 8 m'. Catlect o1l softvere er1oc dits needed Lo sasese Lhe affectivenass of soltvaie
developmmnt

fot softvere rellability sadel development.
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and verilicstion sethode and te provide Ue besls
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rﬁ-"“ soltves
svionlcs soltvara thal
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esithesl to alssion success. The OCI erpetiment gunldu 3 tesliatic bas
ot ing the 0O-1)

«ith the DO-110A standetds foc evionlcs software have teen
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lavestigating the fal
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?" Cante R Wilkey Joha § Twhevch
Srotems Archdirciuie Bis b Chasies Starh Drsper Labasatory
bl A 474 Barxch 1990
4 RTOPBNS 83-11
1} Code I0C WD9 333
An
It Beacach Dhics s
o Demanstiatean ik a9se sament of the shikiy of 1he Chastes Sorh Drsper L 30U C des Asded Buhware L
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Asstasch
£ %] The comt of itesigiing deveinping. irwing sid mainteining svinnice sollwais to wendily weicaring  Until ircently, ihe dach
e ol appicprinie 10 344 10> 1he trostion of sAware has rd 18 men uniiorm devttspaned brchniquey and sAAwiey thel I8 ohea
wratabie siad 1M1k LK 10 malniain  The Advanced Lawnh System (AL L Pingrsm 8 sp nd
Srvetopenend il 3 rengeriet Asded Soflwace Erngineering ICASE) ool By the the Chatics Stark Deraper Labeslory ihot couid
Gramptwr iy Improve ihe S0l wnie development process and mduce produciion ond mamicnancs tous. As e drimensiesiton of
this lend the TNAM contsed sysiemm sollware of Ihe Boving 137 ewicpiiel sulsiond was praducrd uomng the ALS syviem

. scemstihmeat .
9 Ade sowrte (e sl -erg witl Use ALS CASE sysiem. TH specifications
R8¢ for tre sutstnd d-sun were ” feorm sy o §ORTIAN and bour tede. The seliware reeulrs-
menty aeeg ledrog tively speciied tn [he form of via 1he sysiom's Dighty Reatble. graphic

tvertace The sepiiuements defindd by these ﬁa:rlﬂ-l were cheched fot daln type conmisiencies by Live CASE system and copruced
W 8 conterbeed bnowledee base  The knewiedgs base wes Lhen wied io produce coicand e

eequienwity dowment A lest inethod: was oo & whic d covernge bl 1N umbey of ety Dupliemte
Less weat fus an buth the FURTRAN and cola ond then the reeulls compmed. Optn and tiored 2] wacovered sheven
Garepancies, Nine of 1hese Sr1ers were atirbulrd 10 misi shes B8 e entry of Lhe opeciications inie ALY CASE. Bluman srrwee.
Sasingeut 16 pingrammng trvors | Twe errerg wert Lisced bo the F ORTRAN cade. Mo ervers sere Waced do the ALY CASE wotam.

Algslficancs

The fieweiopment snd lesting of re software applic stions, 3uch 89 (he sulepiet sutelend. will lend much te U credibilty of

he ALY CASE o otem hl:tﬁu-a found s the code, seversl amb

wyre giavmered i ihe apecifiest sesull of meing ihe ALS CASE luLu- ibodology. ALS CASE bas 104 peiratisd to
ease (e Srhabiiny of (M genersied code by 1) thecking snd of

speciy sohwice watng engineening notalien and biock diagrams lamvites e bum:

b ] 10 Ada cude: snd A supperting Ruse of code. The ALS CASE

alen hoy 8 yole besed h to smlAlware ond has identthed arves ol

warrand reesrch te et Sulemale the saRtwsie Srvelopmest Process.

.
» ¢ the wauelly pr

ol smlteury & plandt, hnl-tubn‘ onernied g ALS CASE my ot
cade il 54 ward 10 & Softenrs Minering '3.. ‘mmmn:"::ulmc.

o, Daias
mhbau-mu-mmmmzm--—-oudm- These nchude @ svltware deoign mrtbadelogy
ﬁa' tlerfict 'Sh dulormated lauh’:‘n‘.';‘ progect luul:cﬂlfl copsbitiies im adddion ne & Mt::mmu e
ance sad cont: he decend phase

SPACE DATA SYSTEMS PROGRAM

s
Advanced

Dovelopmaent Avionics & Softlware

Program

«Includes: GSFC, JPL, LaRC, ARC
«Supporls: VLS| Design @ U. Idaho

« Program Drivers
-Ambltious future space Instruments
-Long-duration, high-radlation requirements
-Time delay (or Insertion of commerciat technology
~Transitlon actlivity for externally developed technalogy (e.g., DoD)

CASE for ALS

-
%

4
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SPACEFLIGHT OPTICAL DISK RECORDER ‘/

Tl e, daggit Cappacdy 9212 shorans bas bann klantifin as an anabiing tapabily toe bty HASA
Auasirs die kb ol ot akon. g y. and p Y ion In tha 1990's and beyond  [he
Spacotnii Ophral ik Flecords (SOII) piogram has bean astabilishad lo davelop components and
cuheytema based on rewiie.shis oplical dsk fechnology. which Josm Ihe basis ks hugh perlormance, mass
cporups sycteme 1l s Huns iachnoloqy davatopmant asas: 14 Inch mognaio opic mada;

e houinel o s Ays; and 8 mull 4ack slactio oplic head assambly. Feasitdily was gomonsliaind
W 1900t 1Y 90 qoal of domansiianion of kdl pghid I3ck iecarding has been achiaysd. Willan dMa 1y
ehawe i ta polarized micioscops phota of 1he “maiks® 00 the media. This represents 133 megabisecond
2213 ansies 1 and Nva gigabyle {4X1018 bil) capacily On one disk surtace srcesding the tale 30d capaciy
of any other known dish dl slorage device.

Alsq during the pas! yaw, 8 naw la3er sinchwe was developed which snables more slicient (gonerating
Inss haat), Huig lonaas kvad davices, Samples have basn detiverad and are undar tast 8t LaflC. A nine
rinnwend L1aet hag eacended 1000 hours of buen in (at David Sanoll Nasearch Center). Glass subsirate madia
have benn prothiced anf (ncteegy i 4 Jasiing  Madia pardormance oplimization for harsh
cavanmants is pioceeding. This gy is duactly teisble (0 & companion Ait Force progr A
HASA sponsorad MNIS T/NASA/DoDANdusy working gioup has been lormed 1o satatish ruggedized 14 inch
MO media lest standaids

An 1Med modulay et he being developed al Langiey fo produce & conliguiabk
syslem supporting the use of mulliple Drive modules to obisin dels rates in s1cens of ons Rigabil pet second, 8
1810 Wt asceeds any other known or planned optical recording device or Bighl 1spe secorder 8nd Capacities UP
10 § 2 lerabil {160 gigabyles).

[he curtent work rep igrifcant technalogy Tish 1sduction towsed devatop ols pleiely
Wahi quakiad optical dsh Drive snd Controller. NASA 80d Navy lunding ls being used io Inlale proCiu sinent
of 3 Wrassboard Drive Unkt for Mght demonsuation in FY 94,

Techeical Contact: Thomss A. Shulk, LafiC, {804)884-1837

Y ST AGETLIRIC o AL DR FIBLORDIER
b FY ‘50 ACCOMPLISHMENTS

vEDIA DEYELGENENT N SEA PryELarNent §
CLASS DISK DELIVERED 1 1E3VED lm&?‘c’lﬂ ARRAY DELIVERED ' TRITED

2b ol

ek DEVELUpMEOIN
F100a00 1 D BATANDAND COMM ETE

T )
v 0)
DATA STONAGE 1ECHNOLOGY A

KA

-

DESCRIPTION: The putpose ol this task I3 {0 evaiusie the state of magneloresistive (MR} fiasd 1ane head
yechnology tof schiaving high dats rate and high capacity daia sioraqe.

SIGHINICANCE: The signiticance of this work Is 10 idenlily an sitiaclive method lor Sunultanecusly
schieving high da1a rate and high capacity recording with high reliabitity, eliechve dala 1air maiching,
and low mass, volume, and pawer.

CURNENT STATUS OF ACCOMPLISHMENT: The evaluation sesulls Indicate that MA head iechnology is
sn extremely viable and promising lechnology. Resuhs Indicate that stotage density using MR head
technofogy (s atteast three times gresier than oplicst siorage densilies. Nesully also indicate ihal
reliablty liguses using MA heads aie ons 1o Iwo ordery ol magnitude greater ihan thase achieved with
Tolary head lape recorders. MR heads can be developed 10 schisve 300 Mbps and teiabil slarage
tape tecordes [ormsis with faw mass, h . and power. A | lly, high p. ® and compacl
memosy modules can be designed which ean oller higher performance ihan block access oplical and
magneto-oplical dish dilves. Wnteractions and dlatogues have been established with cotpatations

Ll ding Applied Mag IBM, Kodak, Qdetics, snd StorageTek. Discussions ate underway with
thege orgunizailone t0 us ically In out loltow-on FY'91 baseline demonstiation etiodl.

TECHNICAL CONTACT: Dr. Romney R. Kaul, JPL, (818)-354-3034.
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1390, the MAX program continued bnplementstion of laull toterant lesl Noprm
A MAX systom Whtee compuling modhdes hny been delivered lo M.IC':\;.‘:“ bl ‘" ".'. e

seacition o) criticd p
'din mp:cs:lon’ code wilh uunj of rasulis hay :::n Implu:omod ond tasied. VLSI
winch Conkofs an mionamous plénelary toves it being dev. d. e

SPL and LAC have developed o joint plan and 3 e which
peciticebon for the COSMOS computes

am and M:: :ud:‘l’:u h:::cm: &I; :::::: mmﬂ ol mult processer ny-!;m. ":O”:;:?m -l .::
mm.;mm::m s Ay £00 ”“‘: dx s piojectied 1o handie the keesssable genersd

inchude of lhe V1S4 chips sokwi Pam
Inchude slerting the Implementaton of COSMOS on MAX hardwaers, ot the duax e tock st ko

JECIRNCAL CONIACT. Or. Bisk Luwis, JPL, (818) 354-0012
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1o nehep and demmnsinie afgrshont sad scplic 2uns kgt inl
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ACTURHLISHMENTS:

1 FYHD, this 1ach devebped 8 hrtbess dalh counpenting packae hag povkdcs 8 selecima o toanpesion slenthens fnan
which & 0y €3 Chewve she owe mnd) ),‘F'fdﬂl 0 0he 300 90t 06 hind TS pachage wos presenicd in the Hvwnsd Spue
Scienas $hare Ceaser (NSSDU) Uset Growg snd invialied o she NESDC VAXUlurier Ine erpetaimeni sl gt by that weer
Oty

o nbiiwon, § mubl specansd msge comprestion «beme was devetrped basesd ma region gme g e qurires dua s hab
crwnpirssed bl specrsl bnages be ihiee dillcremt Tevels: trnwse, moniceaicly bnay, sad lmstess. fimwie seantvlum recudicnd
his acheme 31¢ Shaws na she senmpanying iNuiaiing ke the npht hand columm of miges  Thiy wheme achurves & )
Cowmpegssion san by tecaring and setsinng raly she eidyes of crgume amd discarding ihe 1 viwee inlomatiom ekl it the
repuay New whenies reisiamg ditleremt iy pes ol inhs are bugesed s deveiey wkyny

The SPAM ISFrcw st Anslysis Monager) sliwarg wat inalied en Bt Sclence Infntmaine Syvcnn Cemes s VAXChiset Ton
SPAM analysis spproaches, l’t(h)‘ signovme mosching ond miciure anslyals, were selecied fne FY9L wre s rvalusting ihe
effects of dava compression on AVIRIS sasiyses.

STATUS:

Ta FYSD. toshustion of o lav there sppron hes s data compresson for AVIRIS duy will he performed. Amalyut xensno by
st 1o dois comprension evalusinm of simetarcd MOINS daia =l be Selecied. vinnad atgorthmy will e aeided to dhe
Poseling INSSDC) compr pachage. will be poet d of o4 leagt (et Sppme A2t i doss poumpet vivm fre
BOINS dain. A report will b 'npm,u-qnv-g Pesukes weing vive besehmg INSSDO) comyeession puch age s & widt vanery
of 4a1e et Vypre

Techmical Comact: James C. Vibias, GSTC, (J01) 286 9310
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CONFIGURABLE HIGII RATE PROCESSOR SYSTEM (CHRPS)
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IS A 4
ST PLANNED USE IN NASA MISSION OF PRODUCT FROM THE

. EHEINEBSHX SPACE ENG'NE‘EEQ“E 2 HESEAACH CENTER (USERC)

]

e UNIVERSITY CENTER DESIGNED VL8] CHIP BEING INCORPO.
INTO HUBBLE SPACE TELESCOPE GROUND DATA CAPIURERSAJSE?EM

-« L]
- REPLACEMENT DATA SYSTEM TO BE OPERATIORAL BY END OF YEAR

« WORLD'S FASTESY AEED SOLOMON ENCODEADECODER ENROA CORRECTING CHIP
<« PERFORMS 800 MILLION OPERATIONS PER SECOND, CONTAINS 200,000 TRAHSISTORS

« NAJOR IMPROVEMENT IN PERFORMANCE / RELIABILITY OVER EXISTING SYSTEM
e DEVELOPED BY THE UNIVERSITY OF {DAHO-SPACE ENGINEERING
RESEARCH CENTER FOR VLS! (Very Large Scale Integration) SYSTEM
DESIGN
- ONE OF MINE CENTERS SELECTED N MID 1088

e POSSIBLE FUTURE USE OF CHIP IN FLIGHT D
REFURBISHMENT ATA SYSTEM

TAEAHLL, Fasey. Ay . ¥

RO XY T N T T)
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CONFIGURABLE HIGH RATE PROCESSOR SYSTEM (CHIRPS)

ARCHITECTURR DEFINITION —

. L | .
CHRES Onboard Concept . 4 prin ersing sad siowsgs csa
S0 wned ma KOS Plaifusma ta generste
Dlgh beved dota praducts for dlrest

broadcnst bo lue cost gronad sativas

It Buseding

!

ClLiRes
irect Bradeast -1
Lonhiguratica —\ Tt S
-1

g P ae porenes

ADSP CHARACTERISTICS

+ THE ENGINEERING MODEL CONTAINED 73 TOTAL BOARDS (EXCLUDING INTERFACES) WiiiICH
INCLUDED 26 UNIQUE DESIGNS

« THE BOARDS CONTAINED A TOTAL OF APPROXIMATELY 28.000 ICs, NEARLY FILLING TWO
ELECTRONICS RACKS AND CONSUMING ABOUT 15 KW OF POWER

« AT THE 20 MHZ MAXIMUM CLOCK RATE THE PROCESSOR COULD Sl:leAlN ABOUT SEVEN
BILLION FLOATING POINT OPERATIONS PER SECOND. THE APPROXIMATE COMPUTE RATE
AEQUIRED 1O PAOCESS SEASAT DATA AT REAL-TIME RATE

« MAGELLAN ADDED FIVE ADDITIONAL BOARDS FOR SPECIAL RADIOME TRIC COMPENSATION
AND MUL F) LOOK CONTROL RESULTING IN A PROCESSON CAPABLE OF PNOCESSING THE
MAGELLAH SAR DATA AT LEAST FOUR TIMES FASTER THAN THE REAL TIME ACQUISITION
AATE

« THE ¥O COMPUTER SYSTEM LIMITS THE ACTUAL PROCESSING RATE TO APPROXIMATELY
REAL TIME THiiS RATE IS STILL ABOUT FOUR TIMES FASTER TIIAN BACK UP
(EHGINEEFUNG SAR PROCESSOA), WINCH IS BULT FAOM THE MOST EFFICIENT
COMMENCIAL HAHDWARE AVAILABLE WHEN THE ADSP WAS COMPLETE IN 1988

WHAT IS THE ADSP ?

ENGINEERING MODEL HARDWARE
DESIGN ATTRIBUTES

 +FLEXIBLE SAR PROCESSOR

. OVER 6 GIGAFLOPS PEAK.
COMPUTE RATE

» REAL TIME RATE CAPABILITY
FOR MISSIONS SUCH AS
SEASAT & SIR-B

« 150 MEGABYTES OF
MEMORY

« ABOUT 35,000 INTEGRATED
CIRCUITS :

/ HIGH PERFORMANGCE COMPUTING &
COMMUNICATIONS PROGRAM

sIncludes: ARC, GSFC, LaRC, LeRC, JPL
«Supports: CESDIS, RIACS, ICASE

« Program Drivers
-NASA mission needs for high-pertormance compulaufm In
- Aeronautlcs/Astronaulics )
- Space & Earth Sclence
-- Exploratlon
-Support (or natlonally & globally networked collaboration
-Highly trained sclentists & engineers for future missions

\___ ./
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ACCELERATE THE DEVELQPMENT AND APPLICATION QF
HIGH PERFORMANCE COMPUTING TECHNGOLOGIES TO
MEET NASA SCIENCE AND ENGINEERING REQUIREMENTS

e GOAL AND OBJECTIVES
AL2D Beaw

GOAL:

O ACCELERATE THE DEVELOPMENT AND APPLICATION OF
HIGI PERFORMANCE COMPUTING TECHNOLOGIES TO MEET
NASA SCIENCE AND ENGINEERING REQUIREMENTS

OBJECTIVES:

0 DEVELOP ALGORITHM AND ARCHITECTURE TESTBE
CAPABLE OF FULLY UTILIZING MASSIVELY-P&R;LLEI:.S
CONCEPTS AND INCREASING END-TO-END PERFORMANCE

0 DEVELOP MASSIVELY-PARALLEL ARCHITECTURES SC
TO SUSTAINED TERAFLOPS PERFORMANCE ALABLE

O DEMONSTRATE TECHNOLOGIES ON NASA RESEARCH CHALLENGES

a INTEGRATED AEROSPACE VEHICLE SYSTEMS
2 EARTH AHD SPACE SCIENCE PHYSICAL PHENOMENA
7 SPACEBORNE APPLICATIONS

. NASA NEEDS
P73 #150 & Came

0 NASA NEEDS TERAFLOPS (10?) COMPUTATIONAL
CAPABILITIES TO ADDRESS GRAND CHALLENGES, THE
SOLUTIONS OF WHICH, ARE ESSENTIAL TO ACHIEVING
NASA'S MISSION

) CONVENTIONAL APPROACHES WILL NOT PROVIDE THE
PERFOAMANCE NECESSARY TO SOLVE GRAND CHALLENGES IN

COMPUTATIONAL AEROSCIENCES, EARTH AND SPACE SCIENCES
AND REMOTE EXPLORATION AND EXPERIMENTATION

O COMPUTATIONAL AEROSCIENCES
O WTEGRATED, MULTIDISCIPLINARY SIMULATIONS OF AEROSPACE
VEHICLES THROUGHOUT THELR MISSION PROFILES
© EARTH AND SPACE SCIENCES
O MULTIDISCIPLINARY MODELING AND MONITORING OF THE EARTH
AND T8 GLOBAL CHANGES AND ASSESSMENTS OF THEIR IMPACT ON
THE FUTURE ENVIRONMENT
O REMOTE EXPLORATION AND EXPERIMENTATION

O EXTENDED-DURATION HUMAN EXPLORATION MISSIONS AND REMOTE
EXPLORATION AND EXPERIMENTATION

£acth Systema Scieace
T -

Space and

)

Biogeochemical

Planetsry Evolutionary
Processes

.
.
LRI S ‘i. o
Massive Dais R .
Anatysis :

4

st
(20
Ansiysd

“
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A EARTH AHD SPACE SCIENCES i — iy COMPUTATIONAL AERODYNAMICS 11216 e

COMPUTER SPEED AND MEMORY AEQUIREMENTS

¢ N €3 " COMPARED WITH COMPUTER CAPABILITIES

DEMONSTRATE THE POTENTIAL TO ADDRESS YHE GRAND CHALLENG " ’

AFFORDED 8Y TERAFLOPS SYSTEM PERFORMANCE ON SELECTED 15-min. RUNS WITH 1985 ALGORITHMS
LULTIDISCIPLINARY MODELING AND MASSIVE DATA HANDLING APPLICATIONS

| OBJECTIVES ] '

SUPPORT THE DEVELOPMENT OF MASSIVELY PARALLEL SCALABLE
MULTIDISCIPLINARY MODELS AHD DAYA PROCESSING ALGORITHMS

MAKE AVAH ABLE PROTOTYPE SCALABLE PARALLEL ARCHITECTURES AND
MASSIVE DATA STORAGE SYSTEMI YO ES3 RESEARCHERS

PREPARE THE SOFTWARE ENVIRONMENTS TQ FACKITATE SCIENTIFIC
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DEVELOP SPACEBORNE COMPUTING TECHNOLOGY WHICH WILL ENABLE HIGH
PERFORMANCE, FAULY-TOLOERANT, ADAPTIVE SPACE SYSTEMS FOR A NEW
GENERATION OF MISSIONS TO EXPLORE THE EARTH AND SOLAR SYSTEM

|  oBJECcTIVES J

T .
OEMONSTRATE THE FEASIBILITY OF 1000-FOLD INCREASE IN SPACEBORNE
COMPUTER SYSTEMS PERFORMANCE

o

-

- REMOTE EXPLORATION AND EXPERIMENTATION

DEMONSTRATE A PARALLEL, SCALABLE ARCHITECTURE
« LOW WEIGHT AND LIMITED POWER
« AFFORDABLE
o FAULY TOLERANT

DEMONSTRATE A 80LID PROTOTYPE-TO-FLIGHT SYSTEM ENGIHEERING PATH

{cannioaTE appucATIONS |

ANALYS(S OF DATA FROM YHE TROPOSPHERE EMISSION SPECTROMETER, AN
EARTH OBSERVING SYSTEM INSTRUMENT . .

INTEGRATION OF ROBOTIC ALGORITHMS FOR SENSING AND MANIPULATION
ASTROPHYSICS MISSIONS
ROSOTICS

NATIONAL RESEARCH & EDUCATION NETWORK‘L“

SHARED
INTERCONNECTED
BACKBONES
and
INTEGRATED
SERVICES

wphie



CESDIS
THE CENTER OF EXCELLENCE IN SPACE
DATA AND INFORMATION SCIENCES

Raymond E. Miller

CESDIS Director And
Professor Of Computer Sciences
University Of Maryland

College Park, MD

(301) 286-3805
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CESDIS

The Canter of Exceilence
In Space Data and
Information Sclences

NASA Goddard Space Flight Center
Greenbeit, MD

Raymond E. Miller
CESDIS Director
and
Professor of Computer Sclencs
University ot Maryiand at Coilege Park
College Park, MD

f CESDIS MISSION %!a

- J

GOALS TO BE
ACCOMPLISHED BY:

*  Funding ressarch projects seiected on the besie of peer
reviewed propossis;

*  Supporting scditionsl for projects funded
By NASA through other Drograms;

P L]
2t GSFC and encouraging visits by project personnek

. C 9 and 3

¢ Orgenizing serminars for GSFC, university, and industrial Egrt,
SDECH, ANd COMOUTEr scientmts; *

. A 9 by

. qQ sress for efforty ug!
estaolished by Olrector snd Staft Scientists;

+  Producing technical report sertes of papers prepared by
CESDIS members,

FRECEDING PAGE BLANK NCY FILMED

To bring lo?mur computsr scientists from
university, industrial, and government
{sboratories to:

« Conduct computer sclence
research having sppiication to
Earth and spacs science;

« Focus attention on accessing,

ﬁf:enslng, and anafyzing data
m spacs observing systems; and

« Collaborate with NASA spacs
and Esrth scientists,

( ' CESDIS

CIRECTOR
HPCC PROJECT ADMINISTRATIVE STASS
COOROIMATOR
Senior Admintstrator
Wicheet MecDonsid Admintstrative Assiatent |
Administrative Assistant & Administrative Assistant ff
CESOIS CENTRAL RESEARCH
Statt Kenneth Sslem
[ | Sclentists  Oavia Stonts
Dtrector Reymond Milter
PEER REVIEWED RESEARCH ADOITIONAL RESEARCH TASKS
Ouke * John Rett Brown « Jatfrey Vitter
« Hillel Gaztt - Paul Howery

University of - Fred Brooks
North Carolina - James Coggins

Stanford - Gilo Wiederhotd Untversity of - Noah Friedtand
Maryisnd

Penn State . Eric Feiqeison
- Michasel Lavsitey

= Asmin Samadani}
George « Rainaid Lonner
George - Jim Foley Washington - Burt Edefson
Washington < Jonn Sidert University . Herman Meigert
University - Hikmet Sensy -

« H.T. K

9 ung
Metion - Qougtss Smith
(Cray Fellowsnin)

ORIGINAL PAGE 15
OF POOR QUALITY
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TASK GOALS AND
ACCOMPLISHMENTS

DUKE UNIVERSITY

Parallel Compression of Space and
Earth Dats

PERIOD OF PERFORMANCE: October 1938 - Septamber 1991

GOALS
« Davelop parailel aigorithms and architectures for
lossy and lossiess data compression.
« Design compressions applicabie to iarge variety of dats.

« Design good parailel vector quantization algorithm.

ACCOMPLISHMENTS

« Devised several algorithms, Investigated their
theoretical aspects, and evaluated performance against
USC Image database to compare resuits with existing
schemes using same images. .

+ Developed muitiresciution lossy methods capable of
controlling amount of Information lost bz‘{ndlng off
between compression rates and distortl

- /

f TASK GOALS AND
ACCOMPLISHMENTS:
Stanford University

Computer Assisted Analysis of Auroraf Images
Obtained From High Altitude Polar Sateilites

PERIOD OF PERFORMANCE: Jsnuary 1989 - Decomber 1991

GOALS

Develop, Impiement, svaluate, and utilize advanced
computer software toois whose purpose is to automate
the analysis of giobal auroral images obtained from
DE-1 and Viking satellites.

ACCOMPLISHMENTS

. Complieted Impiementation and testing of “snakes”
algorithm for finding aurcral oval Inner boundary.

« Have made progress on extending technique to
regions where dayilght overiaps aurcra and to
simultaneously find both inner and outer
boundaries.

. Project personnel met with 13 GSFC and NASA
HQ scientists to discuss potential collaborative
efforts.

f TASK GOALS AND f

ACCOMPLISHMENTS: R

g’
m———

GEORGE WASHINGTON UNIVERSITY

A Knowledge-8ased Advisory System for
General Scientific Data Visualization

PERIOD OF PERFORMANCE: September 1988 - August 1981

GOALS

- Investigate and :fncny visuslization vocabuiary to
embady essential concepts required for scentlfic
visusilzation.

« Incorporate user (nterface for visualization - naive users.

« Develop system design extendable for knowledge
refinement and new visuaiization techniques.

ACCOMPLISHMENTS

+ Compiled 145 rules and principies pertaining to
expressiveness of visualization techniques.

« Impiemented primitive rendering algorithms.

« Designed VISTA (Visualization Tool Asststant) and
completed first prototype.

- _J

+ Conducted pretiminary test of prototype using data
wpllod by GSFC NSSDC. P o

f TASK GOALS AND
ACCOMPLISHMENTS:
University of North Carolina
at Chapel Hill

Image Pattern Recognition Supporting interactive
Analysis and Graphical Visuallzatfon

PERIOD OF PERFORMANCE: September 1988 - August 1991

GOALS
« Deveiop research are base to support interactive
image pattern recognition;

« Develop artificial visual systems to soive measurement
and detection probiems;

+ Develop muitl-resoiution image descriptions as &
language for human-computer communication.

ACCOMPLISHMENTS

+ Have expiored nature of image reglions formed by
some coherencs of Intensity, edge surround,
orientation, or texture, across scates based on 2 Image
description techniques: Multiscale Orientation Fields
and Spatiat Spectrum Classification.

+ Beginning to apply to Landsat images ottained
from GSFC.

» Appiied aigorithm to Hubble data In effort to reducs
Qumng of images without destroying frequench
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ADDITIONAL RESEARCH
TASKS
Brown University: Jaffrey Vitter snd Paui Howerd
Ostas Compression Algorithms
Penn State University: Eric Feigeison and Michasl LaVailey
A St for tmper Cata
ysis of NASA

University of Marylsnd: Noeh Friedland
Simuiated anneaiing, neursl netwarks snd Markof random
Neid methods ia soive inversion problems in stmespheric
sounding -

George g y: Bunt and Hermen Heigert

plans and ta utiilze the Advenced
Mrmmhm
networking

g gton L y: John Sibert and Clndy Starr
g t0ols end ques for
visusiizstion

) g Y Lohner
[ codes for ot 30 comor
magneto hydrodynamis ows .

Stanford University: Phifip Scherrer and Richard Bogart
AstroMsil: Ex mad for the A iy

Carnegte Metlon University: Oougtss Smith (Cray Feflow)
snd KT, Kung (Advisor)

iste Language snd Virtusi for HIGh
rameen gm0 )

/ TECHNICAL REPORT SERIES

Technical reports from CESDIS research projects.

Currently have 74 reports.

-

WORKSHOPS

Ié.

AUGUST 1989

Computing Challenges In
Managing Future Massive

Image Systems

OCTOBER 1990

The Rofe of Computer Science in

r

* Mission to Plsnet Earth
FUTURE PLANS

« Develop industrial associates program

« Fund sdditions| resesrch sssociated with
HPCC and EOS

« Run smail speciaiized workshops

« Continue to cooperate in organizing and
running conferences

0.9., Data Compression Conferencs
Warkshop on Paralle! Algorithms

« Build more collaborative efforts

/

Craial HaleE S

,ﬂ" O\—" o ‘;&!
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/ NASA TRENDS AND \
CESDIS ROLE

« NASA missions are moving from using state-
of-the-art computing tectiniques and technolo.
gies to missions requiring major advances in
computing hardware, software, aigorithms, and
communications.

« Advanced computing needs lie at the center of the
NASA missions.

« Many areas of computer science resesrch have &
direct bearing on NASA nesds.

Databass systems, distributed computing
systems, networking and communication,
AVExpert Systems/Neural Nets, Humany
Computer intertaces, Computer Graphics,
Visuailzstion, Pattern Recognition, Algorithms,
Software Engineering, Robotlcs, ste.

- J

r CESDIS PROPOSED \
HPCC ACTIVITIES

« Build resesrch activities for HPCC In:

+ Reiative svaiuation for high performancs
computers in spscs and science
sppiications.

* NMumerical techniques for paratlel
computation.

+ Management of massive smounts of
dats in distributed systems.

. Support education of Ph.O's in aress of
HPCC research funded through:

+ peer raviewed projects
* post-does

+ graduate fellowships

- /

/ CESDIS PROPOSED 4

HPCC ACTIVITIES

~

FY 92
« Hire Associate Director for HPCC.

« Help mansge Goddard NRA peer review.

« Staff and run evaluation actlvity for space
and Earth science grand chailenge
probiems on various high-performance
test-bed architectures.

« Prepars snd issue CESDls‘calHor-proposals
in HPCC resesarch.

f OVERALL CESDIS PLANS

1992 - 2000

Build a community of computing science
researchers who collaborste with space and
Esrth sclentists on problems of interest to
NASA, through peer-reviewed proposal
resesrch at universitias, through coliaboration
with industrial researchers, and by building

1 small core of about 5 {ull time researchers
at CESDIS, pius a similar size University

of Maryiand group of {acuity and graduate

student resesrchers.

_/




CASIS BACKGROUND

Professor Michael J. Flynn
Departments of Electrical
Engineering and Computer Sciences
Stanford University

Stanford, CA

(415) 723-1450
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CASIS
Background

Prol Michael J. Flyna
Departments of
Electrical Engioeenag
and
Computer Science
Stanford University

CASIS — 1991
Supported facuity and research aress:

Telecommunications
Professor F. Tobagi
Professor J. Ciotfi

Neural Nets
Profesior A. Peterson
Professor T. Kailath

Concurrent Processors -

Professor M. Flyna
Professor Moaica Lam

Data Analysis & Management
Professor G. \Viederbold
Professoc .I. Vesecky
Professoc M. Levoy

Programming Environments
Prutasoe M. Lintoa-

Some special facilities/centers:
o Canter for Integrated Systems
¢ Center for Telecommunications
o Center for Reliable Computing
¢ Center for Concurrency Studies
¢ Program in Manufacturing Scieace

CASIS — Past

o 10 years

& Supports about 20 research students per yeur
About 110 total

¢ About § supported students receive Ph.D. each yenr
About 35 total

. OVE 300 supported reports, publications. etc.

FREGEDING PAGE BLANK NOT FILMED
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Data Visualization
Data Recognition
Data Transmission

Data Processing

INFORMATION EXTRACTION FOR IMAGE DATABASES AND VISUALIZATION

Data Visualization

ice Flows Using SAR
Aurora

Terrain Elevation Mapping Using SAR

Basic Studies in 3-D

Data Representation

1) Image analysis and compuicr vision tools may be used 10 extract infornation
and parameters from image data.

2) The exiracied parameiers from the data may be used as automatically gencrated
indeces of image databases. :

3) The extracted informalion may be also used as automatically generated geometric
primitives for visualization.

EXAMPLES OF CASIS RESEARCIH! IN INFORMATION EXTRACTION FROM DATA

1) Gencerating sea ice motion vectors from radar images.
2) Exiracting arca and boundary information from UV satellite images of aurora.

3) Finding curvilineas features in radar images.
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Data Transmission

Expressnet

High Speed Data Transmission

N

BEXPRESSNET

A Unidirectional Broadcast Bus Local Area Network with A
conflict-free round-robin Media Access Protocol - |,

Basis for many network Concepts used in High Speed .
Fiber Optic Local Area Networks, including the
Melropolitan Area Netwark Standard DQDB
(IEEE802.6)

Described in Most Important Textbooks .
Tanenbaum Staliings; Gallager and Bertsekas etc

ulisaQ y1omPp -
UOLIRIUNUIIOINIY,

vossnusyel] vie(] >ndasaqiy -
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Fiber Optic Communications

o Impairment: Dispersion distorts pulses resulting In
intersymbol intesference (1S8)

« Goal: Find shinple signnt processing techniques 1o
compensate for I1S1, allowing for improved data rates
and distances

Compuling

Concurrency Sludies

Oplimlizing Compllers
for Large Scale Mulliprocessors

Parallel Archltect's Workbench

Arw:

Parallel Processor Software support

-t

e

Application Specilic Systems
Development

-avolding the soliware bottle
neck for key application

. gas dynamlc/fluid llow

. pattern recognition/neural
nets

+ finite element analysis

- GEM
- scheduling optimization



Architectures for Lattice Gas
Cellular Automata

o Main application domain: fluid Sow simulation
e Approach One

= Until reeently, most fuid flow models are based
oa partial differential equations (e.g. Navier-Stokes

equations),

~ Solution usually invol ical tachniques with
largs numbers of Soating point oparations.

o Approach Two

- Lattics gas crllular sutamata are new diacrets mod-
els of Buids.

~ The fuids are made up of idealized particles that
mave according to smple rules,

= Collections of large numbers of thess particles can

remults predicted by Navier-Stokes squationa,
= This approach involves only logical operations and

AWRB: A General Research Tool and
a Probiem Solving Tool

o Research Tool
— Architecture and Instruction Caches

- Architecture and Data BufTering

- Optimization and Instruction Architecture

o Design Tool
- ASIC alternatives
— Cost/Performanca Analysis

- Specific Workioad Evatuation

C-49

The Computer Architect's
Workbench

o The AWB is a set of software tools 10 predict
the relative performance of alternative com-
puter and system architecture features

- Actual applications are used as benchmarks
- High quality compiler support

-~ Low requirements on hardware descriptions

e Trace Driven at basic block granularity

Current Research

e The Effects of Programming Paradigms on
the Instruction and Data Streams of a Shared
Bus Multiprocessor

e Increasing the Performance of Shared 8us Mul-
tiprocessors '
— Effects of shared caches

- Compiler techniques

s Prefetch of Data
= Write and Flush
s Utllizing refationships between variables

= Processor Architecture
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PRINCIPAL INVESTIGATORS PRESENTATIONS

PROGRAM PLAN FOR AN
EXPERIMENTER'S LABORATORY :
FOR VISUALIZED INTERACITVE SCIENCE

Elaine R. Hansen/P. 1.

Colorado Space Grant Consortium,
Univ. of Colorado

Boulder, CO

(303) 492-3141

Marjorie K. Klemp/Co.I.
Sally W. Lasater/Co.L

Marti Szczur/Co.l

Joseph B. Klemp/Co.I.

FREGEOING PAGE BuANK NGV FILMED
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PROGRAM PLAN

FOR AN

EXPERIMENTER'S LABORATORY FOR VISUALIZED
INTERACTIVE SCIENCE

Applisd Information Systems Research Workshop
July 22 — 24, 1891

Boulder, Colorado
Colarade Bpace Grant Consonium, 4 Eae R Harsen
Lsdocatary 161 Aimospnens snd Bpece Payaica, “"3
Nanonat Coniar lor Atmespasris Resserch,

Coudsre Space FiH At Conier,
Univetaly o8 Collomis &1 Senia Berders

PROGRAM PLAN
FOR AN
EXPERIMENTER'S LABORATORY FOR VISUALIZED INTERACTIVE SCIENCE

— Presentation Outline —
I. Goals and Objeclives

Il.  Concepl lor Accomplishing Objactives
Ul.  Building Blocks

— Fealures
— Key Players and Organizations
IV. Plans
Culvredo Space Grant Consortium M € A Haisen
R >3

. I. PROGRAM GOALS AND OBJECTIVES

GoOALS

Provida a capability thal will help scientists of the 'S0's 1o interactively
visualize data in order to batter understand tha large, complex, and
mullidimensional data sels ol our future space missions

Provida an Interactive Visualization Environment 1o support science
research within and across NASA scienca disciplinas

Provide an Interactive Visualization Environmant that can be easily
tailored by the scientists thamsaelves 1o best fit their individual research
problems and display preferances .

Enable genaral mambers of the Space Scianca Community to usa
advanced visualization tools at an aflordable price

Cafilallza on axisting information systams techniques, technologies, and
tools

Pr——— o B o
prsm etk 23 04
=

-2

I. PROGRAM GOALS AND OBJECTIVES

OBJECTIVES

Provide a multidimensional, visualization capability based on the
research needs of NASA scientists y:

Support inleractive, exploralory analysis

Handle multipla, simultaneous, and diversa dala sets (ingest, present,
manipulate)

Provide a user inlerfaca thal is intuitive for and responsive to the needs of
tha general science user

.

Provide sofiware thal will run on a variely of popular, atfordabla
workstations

Laseraiony toe Soionce Eﬁ‘i@,l Elane tl toor et

.
Progism Plan ] i

e -3
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Il. CONCEPT FOR ACHIEVING OBJECTIVES

- Fust and Foremost, product must have a suitable acronym! —

IV E .nteraclive Visualization Environment)

IV AN (Interactive Visualization Analysis Node)

ELVIS (Exparimenter's Laboralary for Visualized Interactiva Scianca)

Bapetimenior's Lodersiory lot Viswsiised Wniscosiive Selease d.28 Slase B Horsen
Pingiom Pian R0 R3304
-

ll. CoNCEPT FOR ACHIEVING OBJECTIVES
— Procass —
« Early and Continual Focus on the Science Users through interviews,
observalions, and participative design
« Parallel Dasign of all aspacts
— Tha user interlace design musl slan at the same time or belore sofiware
dasign
- Early and conlinual user testing with protolypes lo enable feedback lo the
design procass

— User lasling ol user inlerface, functions and sarvices, help,
documentation, lraining, elc.

Eapaiimontor's Lonoisiory fot Viavadsed inlocasiive Sslonce M £l A Hasson
Prayom Pioa RO T
et

i

Il. CONCEPT FOR ACHIEVING OBJECTIVES
— Product —

pr—— = i e
ogram . ot Tt E2 20 1)
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lil. Bunbing BLocks

1. 3D Data Generation and Rendering, “PolyPaint®

-_—

Foundation system daveloped by NCAR

Ke¥_ individuals are Joseph Klamp (PolyPaint Originator and Lead),

William Boyd, (Systems dasigner/programmer), Matt lrvin
Programmaer, summer student, Physics grad at MIT in Academic
9ar]

*Poly" Fealures

+ Polygon g ion for 1] within any spacified subsul of a thiaa-
dimensional grid volume

« Conlour surtaces that encloss aithes higher or lowes values

» Coordinate Wanstarms lor 3D data in non-Canesian cooidinales

¢ Unit-normal veclocs thal ase calculated eithes separalety lor sach polygon vertex of

avesaged anwong palygons shasing that vertex

Polygon ganeration Kk planas surfaces culing Uwough the dala doman

« Polygong for sud dalinug by 1he valuus of a lwe dunensional dala
anay .
« Polygon g ian fof two-di ionat contous knes (compuied as nbbon
suifaces) with a specdied contout interval in any coordinala plans
* Polygon g [ a thras-di d curva 1o a nbbon-kka surlace
po— - ;i
- an
Ll -
| |



ll.- BuiLping BLOCKS

— “Poly” Features (cont'd)
¢ Usui-speciticd oa the ol veiuces in polygons
+ Wuu lrama plots 10 piaview tha polygon data
« Fda starage lor potygon data in I0/Mals 1al can ba ulikzed within PolyPaint o other
surtace-1endenng lackiies

— “Paint” Features

« Eithes indax colos (8 bil) or wue-color {24-bit RGB)

* Depih quuwing using a 3 butler sioied la mamory

» Display ol mulliple objacts that can ba superimposed sequentially wiltia the sama
view domus .

« Polygon shaduig using erher colos (Gowraud) of suilaca-noimal interpolation

» Ravarsal of urit-nosmal vaciors 10 view the innas side of both sides of surfaces

* Display o 30 red/blue siereo objocts

.\ dering ol duee-di ional data

¢ Wite-kaine rendaring with shaded and anti atiased knas

» Combined display of solid-swiace, wire-kama, and volumeulG rendering

« Pioredures lor storage and display of images 1o and liom disk

« Multipla color-1able panilions lor displaying ditlarent colorad objects on indax-color
syslems

* Lighting options that includa:

— Upto 10 §ght sources

. ot o PO Elara A Honsan
Progrom Puan 3 i
-8

ill. BuwLbing BLocks

— “Paint” Fealures {cont'd.)
— Realistic randuiing with a singla kight source using backscalierad lighling
— Colored light sources on Yua-colof systems, with indupendant conliol of suitace

colos

— Light souices either al nhnuty of al a linite al lsom cbijects (k Y
duninishes with dislance krom tight souice

— Dulluse o1 spacular sallaction { 4 g 1o the Phang modul) or

combinatons ol tha two for sach kght souwrce
—  lndupendent color contiol of ditluse and specular rellaclion on Wua calor

sysiaing
-—  Ambisidl kghling
-~ Haze

~—  Tiansparent colors using auhas color mixing Of olhos color Combinalans
View-domaun scaling with options lor:

- A l unizing viuw o in within the specilied

- Specilying vanous subscreens within tha window

~— Ralocaing the location and duaction ol view

~—  Algting the viaw angls (10 00 1 Of oul)

~— Rolatung objucts aboul the dirsclion of view

—  Rescaung the objsct in any coordinate directon

Word packing oplions 10 18duce inenidiy fequiremants

[ a0 Sclonce m Elane A Hanson

T30

4 (]
Progrom Pisa ¥ s
_—_—i>a -

.

Iil. Buioing BLoCKs

2. Managemant ol Data Objects, "Objact World™)

— A software Wol, daveloped at LASP
Koy ndividuals: Satly Lasater and Randy Davis

~-  Manages data objecis
(store, reuiave, update, delets)

3. Interactive Interface Objects, Services and Dasigner-bench
*Transportable Applications Executive — TAE +”

—  Davaloped by GSFC's Dala Systems Tuchnology Division
Kay indindual: Mani Secaw

—  Enh d 1o (eakinwe applications by LASP at CU
Key individuals: Marg Klamp and Eric Hilis
~ Features

« An gasy 10 use workbench for design and layout of new uses inertaces wah
“Intasacuon objects”

* Runime Services io display and consol workbanch-dasigned user

o Afun-ume inlerpcetod d languiage 10 conuol an appheation’s usar nletace

zmm.r. Lodecsiory lov Visusilsnd inisvosiive Belomss m Elara A ;‘;;;
RG]

o pue g -0

i1l. BuwbiNg BLOCKS

4. Data Access lnterlaca — Natwork Common Data Form (NetCDF)

—  Concepts originalad by GSFC's NSSDC
ool by Unidata g
—  Fealwaes B
« Ganaral lools los s1aring and seuleving range ol sciance dala typus
+ Enablas accass soltwive 10 Laal all dala typas in the 5208 wiy
+ Troals dala as calleciion of seit d 9. & objucts, accussed
through simple interlace

+ Suppoils 1andom access of mulll-diniensional variablos, and diect accuss 10 swigls
dala values, lo a hypwcube ol dala, and Lo recoras

—— E d as

g puip

Qipocimonior’s Loborsiory dat Viswailsed mimssise Beloase m [INY P
Ploa LA

Pogam B s



V. PLANS

+ Plans have been reduced and stretched lo fif available iunding levels

(hoping tor more fundingl)

‘.
Projiom Pien

toe Seonse M n-.a;«;;.'
Shaaligh. :
i

IV. PLaAnS

* Integrate software components

» User interactions and evaluations

MILESTONES

+ System dala flow in | 1/2 years

« Complela system wilh limited users, dala types,
handlers in 3 years

‘»
Pogiom Pion

(34 —~— 2211

_—_—a -1

i

IV. PLans

‘o 4 L/
Pegiam Proa Sctonce W (o 1 Ve
N . T
- re
o .
1] »
L ! -
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PRINCIPAL INVESTIGATORS PRESENTATIONS

GRID ANALYSIS AND DISPLAY SYSTEM (GrADS):
A PRATICAL TOOL FOR
EARTH SCIENCE VISUALIZATION

James L. Kinter ITT/P.1.
Univ. of Maryland
Dept. of Meteorology
College Park, MD
(301) 405-5384

Brian E. Doty/Co.I.

v,
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THE GRID ANALYSIS AND DISPLAY SYSTEM (CrADS):

A PRACTICAL TOOL FOR
EARTH SCIENCE VISUALIZATION

JAMES L KINTER I
BRIAN E DOTY

CENTER FOR OCEAN-LAND-ATMOSPHERE INTERACTIONS
DEPARTMENT OF METEOROLOGY
UNIVERSITY OF MARYLAND
COLLEGE PARK, MD 20742

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
APPLIED INFORMATION SYSTEMS PROCRAM WORKSHOP
BOULDER, COLORADO

2-24 JULY 1991

GrADS - Design Coals

"+ (RS o . i

« ACCESS
= Yo dnopou dats ome .
= Cosarnilamd sioms i em, 190 o how dimmases
o MANIPULATION
= Oua epwatmas Usvegh sxyrmmecs eygging wwd factoy

« DISPLAY
- Al sandasd \shesqne
tne gravhe aual weadiags
amcws wte flied contours
\nasias (say dmaacs | oswiapy
) vmihat waUSS Iymals
oter embng vesters anambess

= Al sandasd 2ep propmums and masks
- (emEacTve)
—_E___ LN
Use istartase
Contenl of dase/display characiamenes
Sengviag

Progammailicy

y
Shart imrmag corve
(anur emmst

* | HARDCOPY

Vo M ouiget 10 Mirdeaey érvicss liews maximam
ﬂ raisies, 1.9, 50t Lmited la dissizy reaisios

SCIENTIFIC VISUVALIZATION = 3
[ SEE
SCIENTISTS @——=DATA
« QUANTITATIVE
« INTERACTIVE
« VIEW + MANIPULATE
YOU SEE
RESULTS === JOURNALS
o QUANTITATIVE
« PUBLICATION QUALITY
- LEGIBLE
- [INFORMATIVE
- COMPARABLE
WE SEE
IMAGES —» PUBLIC
o QUALITATIVE
« AESTHETIC
< Seo
w — O
- O
] 0
2y 58
[ =3
QO
[ B
a3
a9
e
c
Ry -
s 2 g [s
a :8 R h- X 23
:E—.;--q =:!—ﬂ2‘5
== (B3 |83
=y o= |88
¥
\\\ P-L1
\Ioe
A\l -
Nweso
Yea
1 E S}
i -
1SS

CRIGINAL PAGE 15
OF POOR QUALITY

COLA/ICP
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GrADS Grldded Data Set

NOLLVININITIdN] - SaVID

e The generalized view of the dala Is 4-Dimensional.
Spacing may be non-linear except In Lime.

- X,Y,2,T = Longitude, Latitude, Haight, and Time
~ Any number of varlables

e Dala resldes on disk In binary format. Dalq sels
are easily created or read by FORTRAN programs.

e X varies fastest, then Y, Lthen Z, then each
varioble, then tlme.

- Varlables may have different numbers of levals,
but must have same number of X, Y, and T elements
~ Use separale data sel for different scaling

Page 3 COLA/NCP

GrADS Statlon Data Set

¢ Each data element arbltrarily located in space
and time.

o Dala reslides on disk In a structured formal.
Subroutines are provided for creating the dala
set from FORTRAN programs.

e Autility Is run to create a ‘map' of the station

dala set, allowing effecienl 1/0 access for any
data request. :

Pags ¢ CaLA/ P

GrADS Data Description File

e Nane of binary data set

o Defines scalling between grid coordinates and world
coordinates

¢ Dascrilbes each variable
—~ Abreviation lo be used for the variable within
expressions
- Number of levels provided

- Unils value {not currently used)
- Long name of variable

Page 3 COuA/UnCP

ra | , [~ ] Vs



DSET /DATA/REANAL/ANALYSIS.DAT
UNDEF -9, 99E33
TITLE REANALYZED GLOBAL FIELDS FROM DEC 82

14

XDEF 144 LINEAR 0.0 2.5

YOEF 73 LINEAR -90.0 2.5

20EF 12 LEVELS 1000 850 700 500 400 300
250 200 150 100 70 S0

TDEF 20 LINEAR 00Z6DEC1982 6HR

»

2 12 99  GEOPOTENTIAL HEIGHTS
U WINDS

V WINDS
RH 6 99  RELATIVE HUMIDITY
TV 12 89  VIRTUAL TEMPERATURE

DSET /DATA/TMP/0BS . DAT
DTYPE STATI

STNMAP /DATA/TMP/08S .MAP

UNDEF -999.0

TITLE RAWINSONOE REPORTS — RH, Z, TV
32&2 3 LINEAR 00Z6DEC1982 6HR

1 0 99 GEOPOTENTIAL HEIGHTS
VO 99 VIRTUAL TEUWPERATURES
RH 0 99 RELATIVE HUMIDITY
ENDVARS

Pags ?

COLA/UMCP

WiNow Y ‘;ﬁlo
HANAASA .

DEL+erm

s

]

COLA> GRADS
GA> OPEN /PATA/Reasiar/AnALysis. gat

dats fo b fhoins gramsd Somedopls . ded sgom
QA> sec... id v

- - -

Exarple 1

Exarples using the dgta sets from the descriptor
files shown earller zlllu have been opened).

SET LON -90

SET LAT 40 ,

SET LEV 850

SET TIME 0026DEC1982 1BZ100EC1982

DISPLAY TV

DRAW TITLE 850mb Virtual Temperatures at 90W, 40N
DRAW YLAB Dagrees Kelvin

Noltes: ¢ A 1-D ‘slice’ of TV (a basic variable) Is

being displayed
* We gal a graph by default

Page 8 coLaacp
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850mb Virlual Temperalures al 90W, 40N

m

m : .

b2/] /
oM : o
Zm
£
w M
H
5.270
ST

8

m

e

u:‘é'}';: i ,oérc i S::(xc o 'oé‘zc o IQC i ‘

A AP 180 i - G
Exarple 2 Example 3
CLEAR CLEAR
SET LON -140 -60 SET LON -90
SET LAT 15 85 SET LAT -90 90
SET LEV 500 SET LEV 1000 50
SET T 1 SET T
DISPLAY 7 DISPLAY U
DRAW TITLE 50Gmb Helghls SET CSIYLE 3
DRAW XLAB 002 December 6, 1982 DISPLAY TV
DRAW TITLE U Winds / Virtual Temperatures
Notes: e If X oand Y are varying, amap Is
automatically drawn. Noles: o Vertlcal Cross Section
¢ Multiple DISPLAYs without CLEARIng result
in overlaid conlours
Page 9 COLAAACP Page 10 COLA/BKLCP
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Vertically Integrated Time Mean Moisture Filux

(Shoded\(ﬁntouﬁra 'areAMoislure Flux Convergence)

Run K002 - June 1988

Slalion Values: Observed; Observed — Analysis

a8 OO MM

R15 ~ OGN .

$ST, coupled run, Jan of ¥ear 1
contour Interval 1 C
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PRINCIPAL INVESTIGATORS PRESENTATIONS

A DISTRIBUTED SYSTEM FOR VISUALIZING AND
ANALYZING MULTIVARIATE AND
MULTIDISCIPLINARY DATA

Allan S. Jacobson/P.1.

Jet Propulsion Laboratory
Pasadena, CA

(818) 354-0693

Mark A. Allen/Co.1L
Michael J. Bailey/Co.I.
Ronald G. Blom/Co.lL
Leo Blume/Co.l.

Lee S. Elson/Co.l.
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JPL @

A Distributed System for Visualizing and
Analyzing Mullivaria[t)e and Multidisciplinary
ata

investigator Team:

Jet Propulsion Laboratory |

Allan S. (Bud) Jacobson - Principal investigator
Mark A. Allen

Ronald G. Blom

Lee S. Elson

San Dlego Supercomputer Center
Michael J. Balley

Silicon Graphics, Inc.

APL @

A Distributed System for Visualizing and
Analyzing Multivariate and Multidisciplinary
Data

Program Obijectives

1. Davelop LinkWinds tools and controls spacific to at
least two science disciplines and demonstrale them in
current rasearch aclivities.

2. Adapl LinkWinds lo X-Windows for execution in a
network environment.

3. Use adapled LinkWinds to demonstrate cooperative
and interaclive lelevisualization and analysls by
gaographically separated science teams.

APL

APL

=a)

The Linked Windows Interactive Data System
(LinkWinds)

1. A visual data exploration/analysis environment with
data displayed in a series of interdependent windows.
Interdependence is established at user's discrelion by
Ylinking’ visuals and controls.

2. A standard graphical user interface with additional
“linking* rules.: Resulls in an intuitive interface accessible
with a minimum of training.

3. A user accessible applications prototyping PR
environment.

4. Implemented with an object-oriented Programmin%
model, with ‘links* establishing massage flow path. There
Is an underlying command language ?Lynx) based upon
schems. .

5. A multl-user sclence environment (MUSE) requiring a
minimum of network band-width.

@

The Linked Windows Interactive Data System

(LinkWinds)

Development Approach

1. Employ an incremental development process using
rapid prototyping of applications.

2. Work with users and developers in a tight loop
throughout the process.

3. Provide software and workstations to users to stimulatg
product use in research aclivities.
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APL @

The Linked Windows Inleractive Dala Syslem
(LinkWinds)

Application Development Cycle

User
‘What's needed?

[

Daveloper
“What's possible?

Deleimine . Implament
Reqlrements Piolotype
Demonstiale
Prolotype
Flnallze . o User
Application Community !

APuL @

The Linked Windows Inleraclive Dala System
(LinkWinds)

User Inteilace Design Philosophy

1. Users are mpallent and want o get stailed quickly
on plolducllva woitk. They are discoureged by laige
manuals.

2. Useis learn hom sell-Inlllated exploration, making
mislakes and conecting them.

3. Useis refer to documenialion only when the sollware
doesn conformn to lheli expeclations. Then they skip
around In manuals o1 online help to lind the answer 1o
cuirenl problem.

el Maio Nersg, CACH, WA 34, 19, Ady 1991)

APL =)

The Linked Windows Interaclive Dala Syslem
(LinkWinds)

Linking Rules

t. I an emply window eppears, link a data
object to K.

2. Lk contiol symbols to other windows in oider lo
manlpulate them.

JPL @

The Linked Windows Interaclive Data Syslem
(LinkWinds)

Future Plans

1. Poit to X-Windows, using OSF Molif loolkll, for
expansion (o olher plalloims,

2. Implement an applcations generator lo suppoil user
applicalion development.

3. Expand MUSE capabllilles.

Sassion Managemenl, Floor Management,
Telapalnteis, Netwoik clipboaid

4. huplement hardcopy and video oulput.
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PRINCIPAL INVESTIGATORS PRESENTATIONS

DATA REDUCTION EXPERT ASSISTANT

Glenn E. Miller/P.1.

Space Telescope Science Institute
Baltimore, MD

(301) 338-4738

Mark D. Johnston/Co.l.
Robert J. Hanisch/Co.l.
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Data Reduction Expert Assistant
AISR Workshop

22-24 July 1991

Glenn E. Miller
Mark D. Johnston
Robert J. Hanlsch

Spaca Tel pe Sci Insiiut

3700 San Maitin Or.
Bslimore, MD 21218

Data Reduction

The process of convarting raw Inslrumentsl output

into physical measurements

Miliat - AISA Werkshap, Bavider 23 July 1890

i

Data Analysis Systams

« IRAF - Image Reductlon and Analysis Sysiem (NOAOQ)

» STSDAS - Space Telascope Sclence Data Analysis Sysiem ($18cl)
« MIDAS - Munich Inleraclive Data Ansiysis System (ESO)

« IDL - Intersctive Dala Language

LR Many olther systems o

Very successiul approach
+ widespread dislsibution el these systems ' !
- systems willlea fof ens wavsiengih oilnﬁlac ta ssrve olhers

- b P {! o} independentl ped  pachsges

Mitior « AISR Warkohop, Bauider 23 July 18

Phitosophy ol These Systems

« Modular operstors which wark on standardized types of data files

+« Cammand Language (0 executs
Interaciive or batch made)

Advantsges:

« Flexibllity lor the user:

we

customized procadures

« Eass of devsiopmant:

tists may independ

Wy contribule 10 the growlh of a system.

+ Standardization

Mitler « AISR Werdshop, Dovidar 33 iy 1000

single commands or sciipts of commands (In

ds csn be chalned (or “plpelined™} to constiucl powaertul,

Weil-defined meihods lor adding new modutes. Thus many programmers and



61-d

Disadvanlages Uselul Goals - Bul can il be done?
« Loarning @ system Isn'l sasy Yeos: .
Commands can be complex with many paramslers and even sxperls don'l « Expart sy 1sstiticial Intelilg technology In soutlne use al the
know the entlie sysiem. Usars may have to lesrn more than one sysiam, STScl to suppoil operations .

especially il they work al ditferant Inslllutions or thalr work s multl-
disciplinary/multi-spectral

« Prolotype dala anslysis assislani developed by one of us in 1987

Dililcull to caplure expert knowledge

Manuals, on-line halp, local gurus have drawbacks « Daesn't tequire specialized hardware - the same worksiation which tuns
IRAF (0.9. 8 Sun 4) can sun experl sysism sofiwase
« Osla management pioblem

A tew night's observstions can sesull in hundreds of dala flles which must
each pass Ihrough many reduclion steps

Mlist - AISR Warkshep, Bouider 23 July 1998 [} Milor « AISR Woeskodep, Bovider 23 July 1993
Experl Assislanl Expert Assistont . Duts Anslpsis Sysiein
- i wn (hse
[~ "An_atternative mpproach which bullds on ths foundation of thess systems |
Scnp
Kaswlnigs
Basca

« Galher inlormation aboul the available dats (lyplcally trom hssder :

inlosination in the data liles).

Sxned

. Develap a plan for dala seducilon based on the user's goals, aciusl Hvgianl

propusties ol the data and on itmliations of avaliable resources (e.g. disk ——

spuce).
+ Tiansiate the plan Into explicit seductl ds for & specliic dats

analysis system. m
« Monilor the plan and its o ton tar probl (e.g. missing calibratlon

fites) and alait the users. X
+ Be exiensible 10 Incarporale new lypes of dals reduclion, new analysis .t

modules and new ddja analysls sysloms. The Expuert Assistant will psuvide

usurs with lools lor 1his purpose.
» Presenl pawetful and effective user Interface including mouss-and-menu

graphics (which i3 also tound In aon-expert syslems) and nsalural language

Intertace. ’
Millet - AISR Workshop, Bevider 23 July 1901 [] Mitior - AISA Wechadop, Bouider 23 Jely 1001

‘ .
(] L g
r—in I e | . | - |




implementation Consliderations

Chooss language suiled to symbolic processing, experl systems, and othes
antilicial intslligence paradigms

Abillly 1o constiucl powerful uses Inleslace

Provide Heuibliity lor porling to other warkstations

Low cost for our users (existing dala analysis workstiation, plus minlmal Il
any soliwace licenses)

Choices:

Common Lisp

Welt ¢ Lisp utliy Nbrary at 8TScl

Object Orisnted (Common Lisp Object System)

Motu? CLIMT Gins?

Summary

Expert Assistanl will signiticantly snhance research by semoving much ol i(he
burden of souline dats reduction llom scientlsts and feesing lhem lo locus
more atlentlon on the physicsl Interpretation of the sesults. It will also
stest the user lo problams od In the reducil procass.

Tachnicaily fsasible

fnnavative In use ol expest syslems/Al technology bul buill on toundation ol
oxlsling data anslysis sysiams

Project orlented towards devatoping & useful taol thal will fun on commaonly
used systems *

An explicit design feature of this woik lIs Independence of sny parliculsr
‘sclentific disclpline or dsia anslysis system,” which sllows It to be applled
10 multipte sclentille disciplines.

Mitler - AISA Werkshop, Bouider 23 Juty 1891 [

How to Besl involve the Sclentliic Community?

Lead Users:

invalve scleatlsts In use and Independent Justl ol sxpert asslatant as
soon as possible (In adallon to sclentific Input ol Pi and Co-ls)

Wae losl that {i Is Impostant that Ihis 100l be used with real dals teduction
problems as early as possible.

Even the inlilal versions al the Expert Assistanl will be sufliclanlly
powerful 1o pay back the Lead Usars tor their fnvastment ol time.

Miler - AISA Wochsnep, Souvider 23 Juty 1888 10

Millot - AMISR Workohap, Bovider 13 Juty 10010 "

s
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PRINCIPAL INVESTIGATORS PRESENTATIONS

E
OVERVIEW OF THE SYSTM$§ OF EXPERTS FOR
INTELLIGENT DATA MANAGEMENT (SEIDAM)

David G. Goodenough/P.L

Canada Centre for Remote Sensing
Ottawa, Ontario

(613) 952-2760

Ko Fung/Co.lL
Joji lisaka/Co.lL
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OVERVIEW OF THE SYSTEM OF
EXPERTS FOR INTELLIGENT
DATA MANAGEMENT (SEIDAM)

by
Davld Q. Goodsnough, Ko Fung, JoJl Nsaka,
Mixe Rob Cornslius Kushigb

CANADA CENTRE FOR REMOTE SENSING
1547 Mativals Road, Onaws, Ontasio K1A 0Y7

Tel 613-852-2760 OR §13-952-0500

Fax. 6139529473
€-mali: DGG@CCRS.CON ':‘::““ Calorade

NASA CCRS 1 PFC 1,)

s

\-

SEIDAM l \

OUTILINE I

» PROPOSAL SELECTED BY NASA IN HOV. 1R4e THROUGH
COMPETITION FOR THE APPLIED INFORMATION SYSYEMS
RESEARCH (AISR) PROGRAM.

« INTRODUCTION

» MULTIPLE DATA SOURCES INTEGRATION
« SEIDAM STRUCTURE

o MACHINE LEARNING

* USERINTERFACE

« SPATIAL KHOWLEDGE EXPERT SYSTEM

+ DIGITAL TERRAIN MODEL (DTM) AND SEGMENTATION
EXPERT SYSTEMS

* SYSTEM VALIDATION

« TASKS AND PLANS
NASA CCRS i PFC l)

A contann sy, P

SEIDAM | . \
WHICH AGENCIES ARE INVOLVED?

—

ENERGY, MINES AND RESOURCES CANADA \
« CANADA CENTRE FOR REMOQTE SENSING

FORESTRY CANADA
« PACIRC FORESTRY CENTRE
U.3. NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
« APPUIED INFORMATION SYSTEMS RESEARCH PROGRAM

INDUSTRY, SCIENCE AND TECHNOLOGY CANADA
« STRATEGIC TECHHOLOGIES BRANCH

\- A
\_ﬁﬁg____fggs_g PFC n_/

( . SEIDAM ‘

SEIDAM - OTTAWA TEAM]
CCRS David Good oh - Prlncipa .

Ko Fung - - Co-lnveantigator

Joji Haska « Ca-lnvestigator

Michael Rob c s Kushigb

Alsin Menard, Jean-Frangols Meunier, Karf Stasnz

University ol Ottaws
Stan Matwin, Dan Chaslebols

PFC -_/

\ NASA | CCRS 1




( SEIDAM 1

SEIDAM OBJECTIVE|

TO CREATE A SYSTEM OF EXPERTS FOR INTELLIGENT DATA
MANAGEMENT (SEIDAM) WHICH WILL INTEGRATE REMOTE SENSING
DATA FAOM SA l.ul."E AND .:IRCRAFI' WITH GEOGRAPHIC

REMOTELY SENSED DATA FOR DYNAMIC SELECTION OF DATA
SQUACES AND SENSOR CHARACTERISTICS FOR RECOGHNITION OF
FORETSI'R(::éEC!S APPROPRIATE FOR ENVIARONMENTAL FOREST

XY’

\ NASA § CCAS ) PFC L)

( SEIDAM ] \

WHY USE MULTIPLE
DATA SOURCES?

« A SINGLE DATA SQURCE MAY NOT BE ABLE TO CAPTURE ALL THE
SIGNIFICANT CHARACTERISTICS NEEDED YO IDENTIFY AN OBJECT.

+ A SINGLE DATA SOURCE MAY BE SUBJECTED TO SYSTEMATIC
ERROAS AND NOISE.

< MULTIPLE DATA SOURCES MAY PROVIDE COMPLEMENTARY
INFORMATION.

« REDUNDANT INFORMATION FROM MORE THAN ONE DATA SOURCE
INCREASES THE ACCURACY AND CERTAINTY OF OBJECT
IDENTIFICATION.

. Dﬁhﬁgls MORE LIKELY TO HAVE DATA AVAILABLE AT THE DESIRED

+ HISTORICAL GIS INFORMATION CAN GUIDE RECOGNITION PROCESS.

SEIDAM ] \
INTEGRATION OF INFORMATION ;

yecoqnized object

Levels of
dala lusion

symbals
w®

daclved
components

detived
atuitutes

\ NASA 1 CCRS 1 PFC |

e

signals
NASA CCRS { PFC t‘/

( SEIDAM | \
PROBLEMS WITH MULTIPLE

DATA SOURCES

+ COSTI OF ACQUISITION

+ COMPLEXITIES OF HANDLING MULTIPLE SENSORS:
* VARIABLE SPECTRAL CHARACTERISTICS OF SENSORS.
» VARIABLE SPATIAL RESOLUTIONS OF SENSORS

« HIGH RESOLUTION SENSOR MAY HESOLVE CLOSELY SPACED
OBJECTS, THUS GIVING TOO MUCH DETAIL,
. I.?EV IEIESOLUI'ION SENSOR MAY NOT RESOLVE OBJECTS OF

T.
-‘%BSJEC'IS WILL VARY IN SHAPE AND TEXTURE FROM SENSOR

+ DIFFERENT SENSORS MAY HAVE DIFFERING VIEWING GEOMETRIES,
MAKING MATCHING AND REGISTRATION OF SPATIAL O8JECTS
DIFFICULT.

« VARIABILITIES DUE TO DIFFERENT RESPONSES TO THE ATMOSPHERE.

+ VARIATIONS DUE TO DIFFERING RECORDING CRITERIA, FORMATS AND

STANDARDS.
NASA 1 CCRS PFC - _/
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Satslthte: Dala SoungEJ

< ot et 4 il
LANDSATS S

SPOT2

EAS

JERS-1

NOAA/AVHRR

0S-1A, 8

Alrcralt:

CCRS SAR(X, C - polailmetrk)
ccag IlElS (puah broom scanner)

NASA aubaln. SAR (X, L, P - polarimatrik)
AVIRIS, TIMS

Flakd Msasurements:
GIS infarmation
oM

Ground calls
Ecosystam chemlauy

Moelsarological data
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MISMATCHES BETWEEN GIS DATA
AND REMOTE SENSING DATA

+ SENSOR RESOLUTION MAY NOT BE SUFFICIENT TO RECORD
SPATIAL FEATURES USED FOR POLYGOHN DELINEATION.

» GIS FEAIURES MAY NOT BE VISIBLE IN WIAGES DUE TO
NOH-STATIONARITY OF OBJECYS (£.G. CROPS, WATEA
BOUNDARIES, BURNS, ETC ).

« GENERALIZATIONS USED FOR BASE MAP MAY CREATE
SPATIAL DISPLACEMENTS WITH RESPECT TO IMAGE JATA.

« DIFFERENT GIS SOURCES MAY HAVE SPATIAL ERRORS
BETWEEN THEIA RESPECTIVE BASE MAPS.

« IMAGE OBJECTS REFLECT SEASONAL VARIATIONS.

( SEIDAM j x

Object Recognition Approach

1. CONVENTIONAL STACK APPROACH
1.1 maximum iikelihood with of without prlor probabilities.
OR 1.2 loglistic classiiler.
OR 1.3 feature selection lollowad by clasalilcatlon.
2. SYMBOLUC APPROACH
2.1 dutive sttributes from the minknum number of dala scurces.
AND 2.2 object idenilfication based on the atisibules. ’

OR 23 dynsmically selsct new dala source If partlally
succassiut In object ideniilication.

K NASA t CCRS PFC l/
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SYMBOLIC INTEGRATION
APPROACH
« Knowledge-Based Methodology
« Object Orlented approach
. Ohml:c:;‘hm um:\g::“' hy ding lo the sase

- Avallable data sources sre ranked and sslecled aulomatically
10 deslve stisibutes sequisad for object recognition

« Alyibutes are deilved lrom the oplhum dats sowrces on an
as-nasded basls

- Object In are disamblgustsd by the use ol derived
f1om sa d dala

- The search space ls Umhted by pruning unilkely Instances

\ NASA 1 CCRS 1 PFC ¢
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DATA SOURCE SELECTION|

- Salect data source with best coverage of the ground ases.

- Sslect dala source with lowest Inherent errors such as
geomatric and sensar errors :

« Salact data sauice with opitmum spsilal rssalution. Wa don'l want
100 coarss a fesatution sa that desksd objects can nol be Kentltled.
Also, we dan‘t wan 100 [ine a spatial rssolulion 8o that deskad objects
baecome 100 complex In the image.

- Select beat wavelengih inlasvals of the sensor measusements (of the
deslied objects.

- Select data sources lor which there exist implemented algorthmns
10 detive the sequited atiributes.

- Selact data source with lowest cost pre-processing requiced.

Ksmﬂ data saurce with the least compulatlonai cosd of the analysis
algorkhms.
NASA s CCRS i PFC I/
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Selectlon of Measurement Faclorsl

Salect
Measurement
Factor

I

Map 10
Symbolic
Valuse

Gorde—(o)
NG

Sefect
B o

k factor
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COMBINATION OF ATTRIBUTES
FOR OBJECT RECOGNITION

ot
» Combinall lhmugh‘. Ighta oa the sililbulss
« Hourlatlc Mathods (e.g. majorlty vollng)
- Bayeslan Approach

« Dempstar-Shaler rules of combiation
- Fuazy Logle
- Endotsement Msthods

k NASA ) CCRS | PFC './
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CONFLICT RESOLUTION FOR THE!
ENDORSEMENT METHOD |

Endorssmaents Endorsements inlerred anui.”i
ot agalnst

Dslinkte None Delinke Yos

Delinkte Dalinkta Und

Dellnke Coatingent Detinke Yeu

None Delintte Delinkte No

Contingent None Waakiy Yos

None Contingent Wnl’y No

Contingent Daflnite Detinke No

Contingent [ g ) L !
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Structure of SEIDAM

1

Solution

Planning
2

Data
Interpretation
Model
Data Source Method
Selection Selection

3

=

Data Fusion

Data

Preparation

Field Data Remote Sensing GIS

Data Data

NASA |  CCRS|  PFC |
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SYSTEM OF EXPERTS FOR INTELUGENT ;
DATA MANAGEMENT !
An example SEIDAM
application / \
- forestry 1. other P
I applications
I L 1 1 .
data spatial analysis output / models

preparation processing

\ lower lavel exparts or programs
NASA |, CCRS ) PFC
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s . control/procedural
xy . knowledge
rs Frames
[ ) l
e Inferance I
tm Engine
Task '
Intarlace -—
: —
—-o{ in So _l, omain
- Domam So’f_l\('/arai knowledge
1
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DT [qqemate Digal_| | jactual
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Objeclives of work on applying learning and
planning In SEIDAM:

° 1o lacititate the development ol new expens

° to re-use previous designs, pardticulardy in the
areas requiring specialized Al-related
oxpertise

° to evaluate uselulnass of Machine Learning
technology in deployment of Expert Systems,

with a Ramote Sensing focus
PFC lj

\ NASA CCRS )
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Programming-by-example helps build
interfaces

L] -
H i LoIAS
[ ]
(4
.
* LEAR: LEarning|Advisor Rules
2
H ?“ s‘;m;:‘ INTERFACE ‘gg‘:ﬁ‘m
\ MASA 1 CCRS 1 PFC x)
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i STATE TRANSITIONS ¢
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SEIOAM Human-Computer

Interface (HCI}

Communicanon to User

[ Expern System

SHELL )

P [ dant Usar Intert I

I

man-macnine man-maching window

t

c

i

Proiog  Mavpulate Physcal

\_ MAsA |

sefvices
\ Deagn Window intartace ?

graphics user interface
sarvices

C and A "

graphics usar interface
manager

ow ARrbules

PFC |j
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Human-Computer Interface
Considerations

Purpese of the HC!

- umphfy prompl-ntensuive procsvures
« generaie lavel of knowledge .
+ omanuza the nfamauon an the screen
- “axjment the capabdity of the wurker®

Beadit of the HCI

« complen set of tasks bacome less i linudating
by retating tasks (o the goal and 10 othar tasks
- communcals st the level of the users
- akspt 10 e level of the wer
« evant diiven dialogue rather than prethclable

Devctonceat Contd

- comauaucation sirs :
« level of bstraction { turget user )
i rules and &

- conssient presentabon
- amount of {reedom avadable o the user
« inform the user

« what has happenad, what s happenng
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SEIDAM \
implementation of Spatlal Knowledge lor Operations

[usaus ]

Database

Tmages

Vs;gui SEIDAM

Yablas |+-{hamas/objecis ol inlerest
-

argel periimance
gr-?onlpa?non msthod
Knowlodg.. Base i l' Expen

ald
about maethods
about targat object § [t """““‘%
ol

Information

{spactral tamporal, racion
spatial) dala o sy e
X,
l ] L—— E'_ncli‘ mnavaﬂlnuqn
Data Coll [— N-N -
Expen classilicalion J
bakung sel |1 pattodn 18c0g
last sut piediction

inpul sensors channels dala organzanon
\ NASA 4 CCRS | PFC |/
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SPATIAL KNOWLEDGE EXPERT SYSTEM |

Sackground Demands:
Convantlonal image Anlqlll for Remote Sensing:
Mitls integration and wililzatlon of sphilal knowledge
Multl sensor data integration for dliterent resomtlons
Need mors Inteliigent dats abstraction
Emerging of supporting lschnalogles:
Artiiclat Noural Hetwork Computing

CCRS’ developed mathod “Plxsl Swapping™ 1o usal image
spatlaily and spectratly in 8 unilied way.

Expsilence:;

CCRS’ long larm sxperlences with knage analysis and expaint
systam davelopment.

NASA 1 CCRS 1 PFC 1 /
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Spatlal Knowledge: OBJECTIVES j

1. Develop spatlal information acquisiilon msthods and sysiam:

[ igation of Neural N X e'-pnbllln: ’
Spatisl infacmation extractian, Mutti sensor data fuslon
Dala absiraction methods tor high resatution specusl dats,

imsge Indexing mathads. f
Integration of Plasl swapping funciions 1o knage computing system.
2. Develop an expert sysiem (or spatlal in! % lysls system
smbadding of nked with nsusst ko snd plas) awapp ", t
3. Collect spstlsl knowledge observed In ing data and creale

pliat knowledge basas. c
4. Vslidate spatial knowledge acqulred fo¢ ing

\ NASA CCRS | PFC u/
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Spallal measuremaents knowledge {

Geomeuical measutsment;

1eaal tricat 4

additional geomalrical maasires: '
Feacial Dimanslon,
Statiatical and Suuctussl Texture

Geomelsicsl shape cheracterlzation:
point lixe, ke, ragion like.

Spatlal suucture:
Troe-ike, k itke, spatlait d

Assoclation:
Hit, ovastapped, Included...
Posliively fatad, nagath

Ares slzes, momants, dlrection snd elilpticity length, disection..

NASA 1 CCRS 1t PFC J
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SPATIAL KNOWLEDGE EXPERT SYSTEM |

Preprocesaar

Linkad with N-N

Fealure converalon
Spatlal knowiedge scqulrer
Spatlal measurs sstimsilon
Bpatisl maasure crgankzer
Spatis knowladge mansges

inlarface manager:

Spatlsl Quary handiing

&pstisl knowledge grasentstion
Knowladgs tbeartan;

Gpatlal knowledge description, indaxing and reurlave
Poa processor:

Clasaliler

nolss remover

redicior

Intarfaces 10 OLher axpert aystam:

Import and Exportselavant Wnformation 10 other sxpert sysiom.

\ NASA CCRS 1, PFC
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DTM EXPERT FLOW l

1- estimate the Terraln type

2- eslimate Satelllte Image accuracy
J- estimate DEM accuracy

4- do Terraln Correction

5- Resample DEM

\_NASA : CCRS § PFC !/

S crrtanans’
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(

0gram roQram
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OTM EXPERT STRUCTURE

f 1
MAP TERRAIN SLOPE & ASPECT
DATABASE CORRECTNION GENERATION
EXPERTY EXPERT EXPERT

il

uAP [Ttemrain ] l
E“‘a‘“' comection resampilng

s amsst —tb s na

(

CONCLUSIONS FOR DTM SYSTEM|

SEIDAM ’

.

- Elevation, and aspect lrom DTM impiove
igndicanity cbject <

- Expert system simpidies uses of OTM
- Expert systema offes the possibiity of distrbuted,

- DTiMds are iad lor muhi inleg
- Expert ptolorys'n successtully tesied with image

- Inthe fuhug

ACCACINS.

nalonal access o DTMs fiom provinciat and federal sources.

and DEM of mountainous tecesin in 8.C.

: g ised acasacy
tos each point in the OTM
Adaplive giid size with DEM
lor Slopa & Aspect genaraion

NASA ) CCRS ¥ PFC | /
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Segmentation Expert - IMPLEMENTATION

SEGMENTATION Introduction '
Prototype RULES: Example
o SEGMENTATION iIs a complex process with knowledge ) .
distributed over several lavels ol the recognition procedure. S on;pased_on(NUMSEG. NUMPOLY.SIZE SMOOTIING):
» NUMSEQ « NUKIPOLY,
n_:rio(‘Sugguuo«: Resagment with 8 lower smoothing theeshotd.®),
8_m,
. liJse;:) arle unl'?mli)liar wgh the many Is's\uebs to be conside'llred :n::'-:u.(‘ A The numbaer of segmants is less than the aumber’),
n choasing the best edge operalor, the best segmentation o, )
method, sensor characteristics and the most appropriate M-pitsl” ol GI3 polygans which suggests that toa few).
spalial and spectral fealures. :_r‘:n(' sagmants weis Grsated.”),
13_wine{* Pravious ),
. . . m‘.‘mm?suoo%mewsuooml
w» Expert Systems can simplify access to el Sopgavied)
R . wiie_thvashoids(NEWSMOOTH),
this powerful but complex process! n_ni;

L
\ NASA CCRS PFc_/ \ NASA L L CCRS PFC | J/

[ SEIDAM | \ [ SEIDAM l N

Segmentation Expert - IMPLEMENTATION

Prototype Flow Chart

GIS polygons updates:

4 Use labelled segments to update GIS polygons:
— leave polygons that match segments
- split polygons covering mulliple segments dasses
— radraw polygon Himits to maich segmenis classes
—update GIS database with naw polygon attributes.

4 Difficult cases can be submitted to forest inventory
axperts and/or local foresters for human labelling.

\ NASAL___ CCRS PFC

K NASA | CCRS | PFC
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SEGMENTATION CONCLUSIONS |

« The exped system simplifies and speeds up the

segmenlation process -

+ Greai advaniage over standard prog ing

techniques:

- O p ypes being P d inlo an operational system
for segmantation.

«‘lntall ol ] improved with
m\: ml:dgo‘:: :o'g::o I.b.::’omn lvnl::h

[ SEIDAM |
WHAT RESEARCH WILL BE DONE? ;

WHAT METHODS SHOULD BE SELECTED TO ANALYZE
REMOTE SENSING AND GIS DATA I¥ ORDER TO MONITOR A FOREST?

1) AUTOMATED METHOD:
+ SEGMENTATION OF THE GIS

* INTELLIGENT SELECTION OF HISTORICAL GIS DATA AND
ATTRIBUTES

« ESTIMATION OF GIS LABEL AND BOUNDARY ACCURACIES
+ SEGMENTATION OF THE REMOTE SENSING DATA

e ENDORSEIIENT METHOD LABELLING OF SEGMENIS 10 .
CREATE NEW FOREST POLYGONS WITH IMPAOVED -
ACCURACIES, IIDNE CONSISTENT LABELS, AND CHANGED

k NASA | CCRS | PFC |/

T Emr

CONCLUSIONS #2 |

» Wae still need 1o work on GIS updaﬂnq paocou from
ol ly sensed

- Segmentation parameters?

R) 122 aidi
b 3¢ 9

- Establish RULES lor tabeNing segment classes irom

- Rules to modily QIS por/pom llom classitied image
segments

« Expert 10 be tasted on several forest inventory maps

\ NASA } CCRS | PFC ' /

AREAS IDENTIFIED
\. NASAL ______ CCRS| PFC

SEIDAM | \
WHAT RESEARCH WILL BE DONE? #2

) MPHOV! EXIS“NG METHODS FOR FOREST INVENTORY:
v l’OPOGHAPHIC CORRECTION OF SATELLITE DATA

¢+ POINT TO AREAS OF CHANGE
* AUTOMATICALLY SEQMENT AREAS OF CHANGE

« ESTIMATION OF GIS LABEL AND BOUNDARY ACCURACIES

« INTERACTIVE CREATION OF NEW ROADS
+ UPDATEGIS

K NASAL______ CCRS}Y PFC /
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WHAT RESEARCH WILL BE DONE? #3

HOW DO THESE RESULTS GET COMBINED WITH FOREST CANOPY
MODELS TO MAKE IMPROVED ESTIMATES OF FOREST STAND

PROOUCTVITY?

« CHARACTERIZATION OF LAND SURFACE FROM DTM AND
ESTIMATION OF SITE QUALITY FROM SOILS, GEOLOQY,
HYDROLOQGY, AND DT ANALYSIS

« INTEGRATION OF QIS - RS RESULTS WITH FOREST CANOPY
MODELS FOR SHORT AND LONG TERII PRODUCTIVITY
ESTIMATION ON A POLYGOH BASIS

« EXPERIMENTATION WITH AIRBOANE IMAGING SPECTAOMETER
DATA FOR CHEMICAL INPUTS INTO MODELS

\ NASA CCRS | PFC |/
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WHAT RESEARCH WILL BE DONE? #4

© WHAT COMPUTING SCIENCE AND ERGINEERING RESEARCH WILL
BE DONE?

« CREATION OF EXPERT SYSTEM SHELL IN OUINTUS PROLOG
WITH GUL (GRAPHICAL USER'S INTERFACE) FOR UNIX AND VMS

« RETAIN EXISTING SOFTWARE INVESTMENT
» DISTRIBUTED PROCESSING WITH INTELLIGENT AGENTS

* OBJECT-ORIENTED (FRAMES)
« ABILITY TO PAUSE AT USER'S CONVENIENCE

* MACHINE LEARNING FOR CREATION OF EXPERT SYSTEMS
7O CONTROL TASKS AND FOR LEARNING FROM EXPERIMENTS

. Pi“ﬂ%}l(‘:EERl SYSTEMS WILL BE CREATED WITH WINDOW

\ « DISTRIBUTED GIS AND RELATIONAL DATA BASE ACCESS
NASA'______ CCRS| PFC |
g ) !

[ SEIDAM Expert System |

Analyst Advisor

Othet Appications

|SEIDAM Expett System - Spatlal Processing i

s e E ]

iy -y

Analyst Advisor
Fol'l stry Other Applications
I — .., | PR | 1 7
Data Preparation E‘Spu al Processing Classificalion Output

1 2
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[SEIDAM Expert System - Classlﬂcalloﬂ.

/Malyu Mmol\

Other Applications

| 1
Datl Preparation Spatial oncomng

POy PR O

[SEIDAM Expert System - GIS Outputs §
Analyst Adviaas

//

Forastry

SELDA )
RESHELL ARCHITECTURE

——

to

ata Rule Oblact Rula i other
Base i exparts

Mata Rule loct Rule I Data :

lnlorprolar Inunpuner ‘» Intertace {

Ela Kboar

Agenda | [Database Deduced i
Objact Object !

Blackboard Interface ‘

nmﬁﬁnm 1
\ NASA | CCRS 1 _ PFC ;)
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Frame Processor

COMPU1"ING ENVIRONMENT

Y
LANDSAY DIGITAL
IMAGE ANALYSIS SYSTEM

SIHERI "\

Jobiect-oriented Data Bass |
\ NASA e _CCRS PFC )
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HOW WILL SEIDAM BE TESTED? |

THE PAC!FIC FORESTRY CENTRE AND CCRS ARE SELECTING
ﬂlRE SITEY, THAEE NEAR INVERMER lRIl'lSHC LUMSIA

HD ON E ON THE WEST COAST, DATA COLLECTION FROM AIRCRAFT
AND SATELUTES 13 BEING PLANNED FOR THE SUIIHER OF 19352

CCAS HAS PREVIOUSLY COLLECTED DATA OVER THE INVERMERE
SITES. THESE DATA HAVE INCLUDED SEVERAL YEARS OF TM, HRY,
MOS-1, AND NOAA AVHRR. AIRCRAFT DA'I'A PREVIOUSLY
COLLECTED INCLUDE CCRS SAR, AVIRIS, MEIS, Al ND AMS! IIOH!
THAN 130 FOREST INVENTORY GiS FILES MAV! BEEN REOD,
DTMS CORRESPONDING 1O THE TEST SIIES HAV 3 !EEN OBI’MNED
FROM FEDERAL AND PROVINCIAL SOURCES

SEIDAM WILL BE TESTED AT CCRS, PFC, AND POSSIBLY NASA-ARC
FOR THESE SITES AND FOR OTHEH REMOTE SENSING DATA

SOME INDUSTRIAL CONTRACTORS MAY ALSO CHOOSE TO
EVALUATE THE SEIDAM METHODOLOGY.

-I

\ NASA 1 CCRS ), PFC '/
Bl |

( SEIDAM \

HOW WILL SEIDAM BE TESTED? #2|

CCRS HAS CONDUCTED FIELD WORK IN THE ROCKY MOUNTAIN
TRENCH PREVIOUSLY.

FOR AIRCRAFT CALIBRATION, OPTICAL MEASUREHEN"S OF LAKES
AND HOMOGENEQUS TARGETS ARE MADE AND SAR CORNER
REFLECTORS AND ACTIVE RADAR CALIBRATORS ARE DEPI.OVED

A GRID OF MARKERS IS LAID OUT FOR MULTI-SENSOR REGISTRATION.

ECOLOGICAL SAMPLES Witl BE TAKEN WITH THEIR LOCATIONS
DEFINED B8Y GPS GROUND EQUIPRENT. NEASUREMENTS WILL BE
MADE OF CHLOROPHYLL, MITROGEN, LIGNIN, AND OTHER CHEMICALS.
Ré)ENI V;(EJ%‘I;:{"S' SITE HAS AN EXTENSIVE HISTORY OF ECOLOGICAL

WHERE POSSIBLE, GPS POSITIONING WILL BE USED TO DEFINE
AIRCRAFT LOCATION.

\ NASA CCRS PFC !)

4 Artificial Intelligence . )
Research Projects |
SHIERD PIRES
(Systam of Hierarchical Experts |[{ (Photo Interpretation Keys
for Resources lnventorias) Expert System)
{...until March 1993) | {April 1991 -- March 1994)
SEIDAM

{System ot Experts
for Inteltigent Data Management)

{January 1991 - January 1995)

\ NASA ) CCRS ) PFC 1_/
———— ——

(" SEIDAM SOFTWARE STATUS |\

« More than 44 upon systems d; impl ing Motil interface for
user interlac

* Ponted Shel md Expert Systems 10 Unlx

¢ Ported Shell and Expart Systems lo other platf {Sun, Mack h..)

Research, develop and Intagrate new Expert Systems

é!oomlnmbn. Digitsl Terrain Model, Texture, Spatial Knowledge,
ndorsemant Iab- ling with fuzzy m-modn GIS input / oulput, intelligent
fand inlormation system, forest ploduduly and manitoling, eic.}

. l«sa(l;{l,lcn Expen System and RDBUS (through INGRES, C, Prolog and

+  Plan knowledge acquisiiion expen for SEIDAM vakdati X
« Integrate Object Orlentsd Database 4
« Use Machine Learning to accelerata the development of new Experts

\ NASA | CCRS'_______ PFC | /
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Projech Approvsl by HASA Nov. 1, 1990
Submit Preliminary Pioposat 10 ISTC Mar. 14, 1991
Submi Finai Pioposal to ISTC June 26, 1991
SEIDAM Overall ‘lum Design SepL 30,1981
Annusl Report to NASA/CCR! : Dec. 30, 1991
Remots Sensing dats ES Apr. 30, 1902
GIS ES May 30, 1992
Fleld Dats ES June 39, 1892
Akborne dsts scquishion Jufy , 1092
Dats Fusion ES Mov. 30, 1992
Annuat Report to HASA/CCRS Dec. 30, 1982
Dala Souice Selection ES Feb. 1, 1893
Newral Hetwark devatopment for datas fuslon Mar. 31, 1993
Method Selection ES May 30, 1992
Data interpretation Hodef €S July 15, 1993
Solutlon Planning ES Sept. 30, 1993
Final SEIDAM Validation Nov. 1, 1993
Final Report to RASACCRS Dec. 30, 1933
Project pletion lor NASA portk Mar. 31, 1994
NASA | CCRS [ PFC |/
SEIDAM | \

WE ARE DELIGHTED TO HAVE THE OPPORTUNITY TO JOIN
OUR COLLEAGUES IN THE APPLIED INFORMATIONS SYSTEMS
RESEARCH PROGRAM.

PLEASE FEEL FREE TO CONTACT US AY THE NUMBERS GIVEN
ON THE FIRST VIEWGRAPH

IF YOU ARE INTERESTED IN INTERACTING WITH THE SEIDAM
PROJECT, PLEASE CONTACT DR. DAVID GOODENOUGH.

WE THANK THE NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION FOR SUPPORTING YHIS PROJECT.

WE ALSO THANK THE CANADA CENTRE FOR REMOTE SENSING,
OF ENERGY, MINES AND RESOURCES CANADA, AND THE
PACIFIC FORESTRY CENTRE OF FORESTRY CANADA.

NASA : CCRS ! PFC |/
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PRINCIPAL INVESTIGATORS PRESENTATIONS

THE SCIENTIFIC MODELING ASSISTANT:
. AN ADVANCED SOFTWARE TOOL
FOR SCIENTIFIC MODEL BUILDING

Richard M. Keller/P.1.
Michael H. Sims/P.L

NASA Ames Research Center
Moffett Field, CA

(415) 604-3388
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The Scientific Modeling Assistant:
An advanced software tool for scientilic model-building

Richard M. Keller
Michaei . Sims

Principal Investigators

_Christopher McKay

David Thompson
Jennifer Dungan

Michal Rimon

Project Statf Sclenca Collaborators

NNASA\ Ames Research Center

Artiflcial Intelligence Ressarch Branch
Mokl Bing 24417
Motient Fioad, CA 543281008
(410 0043208 hollerPpioiomy 208 Noes gov

Funded by the Applisd inl jon Sy A, h Program
Aaminisiored by ihe nioamsnon Jysiems Diisien
of NA34's Onice of Bpace Sclence and Appicatiens

Hobas ARA Progam by 12304

Project Goal: Bulld a speclalized software tool
to assist in Scientific Model-building

Analysis & visualization lacilltles

Interactive graphical lnlerface FEATURES

Inteliigent assistance

High-level modeling
language

Libraries of data sets,
equations, subroutines,
physical quantites

Object-orlented
programming

Artificial
Intelligence Q
TECHNIQUES — |
Symbollic sual programming
Boter ANA Fragaa kg 17090 mampula“on

i

IMelhodology I

« Study existing scientific modeling soltware
» Design tool to meet scienlists’ needs

» Reimplement models with our new modeling tool

[Initial Focus Areas |

« Planetary Atmospheric Modeling:
"Titan Greenhouse Model" (C.P. McKay, NASA Ames)

« Earth Ecosystem Modeling:
"Forest BGC" (S.W. Running, U. of Montana)

Kobur: M3A Prag s W0y 700

[Overview of the Scientilic Modeling Process ]

1. Conceplualization
O )

4 o0OOL()

R=2xn L1 £104  pankT

an £ S 4P,
p“t‘u. dz P9

2. Model-building

ot

3. Experimentation

4. Analysis & 9' )
Interpretation  o© HE

O o

Ty
ot AISR Pragiam bbg 12391
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\/l. Project Introduction
I & 2. Problem & Approach
3. Case Study: |
Modelihg planetary atmospheres
4. Summary

Nokas: MIA Pray e tng: 1239

[Manual Approach to Model-bullding

;
Ean
roblem-specitic Knowledge

Background
Informalion

Textbook Knowledge . Programming Knowledge

LoLLLE AW X e

P-L% ?‘:_- ~pg

Conceptual
Model

Implemented
Model

Mobwr MSAPraganiig 17180 'l'tll\.!‘n)ﬂlﬂl’)r-n e tC. .

LProblems and Opporlunilies]

Problems:
e Labor Intensive

e Difftcult to understand, share, and modlfy

Root causes:
e Sclentist = programmer |l
e wWrong level of abstraction
e Implicit knowledge buried

Potentlal payolfts:
e Improve scientific productivity
e Foster sclentific communlcétlon
e Disseminate modeler's expertise

Hober: ABA Prag e biy: T8I0

The scientists' plea:
*”Spare me the programming details! "

Variable declarations, storage allocation
Scientific units bookeeping & conversion
Data structure manlipulation & management
Documentation

Symbolic manipulation

Interfacing with sclentific datasets
Numerical programming:

ODEs, Integration, Interpolation, convergence

Nobat AISA Prag om by 1230
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) hu.—:li:géﬁi A<s'stant Approach '

o T
?:.ys.-csi ( ,2 /‘ i/_"-—i-i
y ~—rp T2
7 ® Programming Kacwledge ‘
Texinock {nowizcge fom s
........... e Problem-specillc Knowledge M‘..M""M
~ e

,m.*,”,%%‘%w o
Sclenlific le,

Rl L f6  pupry
[ ar o .
pon L—.’:—‘ f£e-m

Conceptual
Model

Execulable Dala | (!' machine-assisied
Flow Graph r—: =T — . -.—]lmplememed

P Model

——
———

Rete: ASAPiogrom bag 1TI0

\/l. Project Introduction
2. Problem & Approach
I's 3. Case Study:

Modeling planetary atmospheres

4. Summary

Koten AR Pingrom g 17380

[Titan Atmospheric Modeling: The Voyager Ily-by'

ML TN bk,

fRefraciivity
Expevis.en::

|

Atmospherlc Profila <p, P, T>

A: measured
retractivity

Kot ASA Progam thg: 1TM91

Data flow graph
for computing atmospheric profile

..q/-o- ".“‘“_

- ,p_w- T

®
§84 composiion / moleculas /

potartzsdunty: Ole weight; l" wenr: g

mising rade: f. voeBovionst
1]

e \ planel  ginude: Z

fl.‘lu“' number (mese) . \
dats ot duul' donlhy poum. ump«nuu

v

-——: -
On= £ Equations used: ® _g% = -pg

@ p=nL fl‘s-:; ® G-'e»(l—:;). ® n= i&P‘_r

Kot ASA Program by 12388
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[Prototype Modeling Tool Provides: )

e Library of relevant:

* data sets
* physltcal variables
* equations

e Mechantsms allowlng user to select and apply
equations to data and compute new physical
variables

e Model/data display features:

* data dependency network
* plotting/graphing facility
* tabular display

® Model management environment:
multiple models and muyltiple sclentists

Netar: LI Program Lig: 1IN

\/l Project Introduction
\/ 2. Problem & Approach
\/3. Case Study:

Modeling planetary atmospheres

I[5” 4. Summary

Notuw ATSA Prog o ibg 12391



e Completing development and evaluation of
- first prototype

e Redesigning system Interface énd Internals

e Adding additional domain knowledge

e Moving toward more portable system

e Investigating other domalns:
Ecosystem modeling

Kater AR Pragom by 17394

[Major Milestones ]

« FY 1991: Completion and evaluation of initlal “alpha® protolypa

+ FY 1992: pDesign and Implamentation of a “beta™ version
prototype that will be used by a small group
ol almospheric scientist-users

Begin development of ecosystem model

+ FY 1993: Enhance system and make available 1o a group
ol Cassini Mission scientists who are involved in
instrument design

Make system available to ecosystem scientisls

Nebw SN Propam sty 13308
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PRINCIPAL INVESTIGATORS PRESENTATIONS

DATAHUB
KNOWLEDGE BASED ASSISTANCE FOR
SCIENCE VISUALIZATION AND ANALYSIS
USING LARGE DISTRIBUTED DATABASES

Thomas H. Handley Jr./P.L
Jet Propulsion Laboratory
Pasadena, CA

(818) 354-7009

Donald J. Collins/Co. L
Richard J. Doyle/Co.L
Allan S. Jacobson/Co.lL.
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DataHub

Knowledge-based Assistance (or
Sclence Visualizelion and Analysls
Using Large Distribuled Ostabases

Isam

Dats Mansgement T. Handley (PI)

P U
Sclence D. Colling {CO-I)

A. Teon
Expert Systems L. Faicone
Visusltzalion B. Jacobson (CO-I)

M. Wade
Reseatch ¥. Maddox (Summer Facully)

Me Geence

APL

Applicable Technologies

Knowledge
Reprosenistion

.

Interence and
Ressoning
Assisiance
Explaraiory
Dals Anatysis
July 2223 sy
Objectives

« Sclentitic Dete Models

Dala dilven snalysls.

« Dsta transiormstlons

Dala semantics

Anstysis-rtelsted knowledge aboul dats

Selt-describing dsta structures

Oats Discovery
snd Mansgement

© - Mansgement and Anslysis
: o

Complez Inlormatlon

Data discavery, ingestion, eairaciion, ...

interface

\ Man-machine

THI

« Intelligent sasistant system(s) with aome knowiadge of daia mansgement and
snelysis bullt-in.

. Use of mature expast system technotogy to ald exploratory dsis analysis, le.
expart systeams, neural nets, classificslion systems.

« Capture and encode knowledge aboul the dats and lhelr sasocisied pracesses.
Encode sclentilic knowlsdge Inlo the roullnes, processes snd procedures.

« Provide dais managemsenl ssrvices lo exploratory dala anslysis applicstion(s)

LINKWINDS,

July 21:23 1my
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DataHub Functlonal Archllecture

APL

MetaData Representatlons
= Cvea d
— L]
~—E2)| M52

Anayes lom

I
!
{

,,+

DataClassen

N S

i
i
1]

Semeniic
Sslecuon
. Critorta
e Aomed
Bemanilc
Cite Knowledge
Al—:‘ Mapping Setween Swuchuies
Logical Accoss Methode
sl Physical Accoss
Hetnods

Jely 23331900

Tn

APu

LU
Data Representalion

-APL
Logtcal View

Loglcal Access Methods
Selection Opaerators
Y dets
Exsmplas: ¢ Range selectlon for one or moses Independent varlables. Required conjunciive
condlilons for a-k dl 1! n-dl fonal dats, k-dl fonsl display).
- d1 < Deplh « d2, where Time = It

' 1 « 11 « time « 12, where Dapth = d3

¥ T :

k- 2 LE - Tim

D"'.,’ 5 ": - « Enumaersied sslection for one or more ires varisbles
d Lo L - Time = { 11,12, ... tn )
tat 200
Ocean Temperature Data RAIS Dals + Selscilon for the dependent varlables
+ Tempersture » 20 degres-C for Tempersturs Dataset
Ebyalcal View - Prequency > 28 for Flag Dataset
- HOP
«VICAR Baternel Reproseniathwn
<FITS
- CoF
July 33:23 WL July 13:33 1
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Logical Access Methods
Transtormation Operators

. Dlll. formal conversion operalor
- MCSST DSP -» MCSST HOS SDS

« RAasler conversion opetsior
- MCSST HDF -» MCSST HDF Raster 8-bit

+ Resampling operator
- MCSST HDF Rasier 8-bll Global -» MCSST HOF 180x100

« Mapping betwean collecied data and known facts
- Ocean dsis versus LandMask

« Filling In missing data
- Use local dats to NI
« Use data salecied from other \ime frame
- Use dala selected from other correlated dataset

« Dalaset reglatsalion
- Warping
« regeidding
« Reglstiation

« Olher map projeciions
July 2333 18m

APL

Loglical Acceas Methods
Updale Operators

« Transaction
« Atomtc sclion
e Tiaceabls unil
+ Recoversble Unit
» Resull datasels stored In user aies

+« Example
Beglin-Xtn
DSP -» HDF SDS
HOF SOS -» HOF Raster 8-bit
HOF 8-bit -» HOF 260x180
End-Xin

Joty 3223 1908

JPLu

Preliminary Soltware Architecture

Users LinkWinds Data Anatyys Ower Cata
Eapent Requesions

Cos s ——
Dwa Avems Symocmrmna | CA101T8l Intactace
{umonn

Fust —o
Protowpe l

Das Conversos . JinleBigent Dsis
Dus Yaulay Omd Management
i

July 23-23 1998 THH

APL

Today's Protolype

1889
—
' 39: o s L
] tahad) 2 Combined
i MR o,
w {woeh Usl/werk raage) vl o LinkWinds
MCSST Dats
(DSPVMS) ’

HCSA Xemage Tool

RagWeck | _y,
FuyWeet
yHeeks —> Weekly
I J MUSST Pata
DuafWeck | —Pr (DSPAINIX)

Juty 3233 e
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LinkWlinds

« Modllications snd addillons to LinkWinds mads in suppost ol this activily.

« Slze on Ingesied b were ¢ to d the

oceanographic data. Al applil were

tectad

« An Interfsce to NCSA’'s Hierarchicsl Data Formal (HDF) was Implemented.
Methods were pul in place to convert from other slandsid formats to HDF.

» Design of dalabases exchangs prolocols and Interiace between LinaWinds
snd DataHub was initlated.

July 22:23 190 1

<
JPL &
An Interesting Sltuation i
{Summer Research Fellow)
« Exponentlal Increass In volume ol dala.

« A reducilon ol domaln spacliic analysis experiise.

« The loss ol and/or delay In the discovery of knawladpe.

duty 3323 1M

JPL 3)

An Intriguing Solutlon

{Summer Resesrch Fellow)

The developman! of Intelligent assistant sysiems with some knowledge of dala
management and ansliysis buili-in.

LinkWinds: allowing users (o select dals sources and link them with varlous
transformation procedures lhat snatyze and display dals.

Qraphicsl Aep tetlon of X ledge (GROK): nodes and links (graphs) sre »
uselul visuslizatton ol the grouping and ordering of general knowledge.

« Scl Anslysis Assistant (SAA): an embedded formailsm lor advising
scisntisis sbout ths aslience of data.

The goal Is to teduce the ditftcully of mansging or exploring complex or farge
datasels or knowledge bases.

July 7233 ame [C)
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Our Hypolhesls

{Summer Resesrch Fellow)

A high leval of salislaclion wilth LinkWinds: maybe because It Is a comlfortable
tetinction of the dais analysis skills and processes of lis development lesm.

The combinstion of procedurss linked by the user can lsad (o the Identiticslion
of Interesling leatures of the original datasel snd the possible discovery ol new
knawisdge.

Emargent behsvior sesms 1o be 8 result of the linklng process which Is driven by
the user's damain speclilc and general k fedge and exp

The process of dais snalysis is well-represented by a graph ol connecled dats,
snalysis snd dliplay procedures

July  23-23 1004 ™

JPL )

Research Objeclives
{Summer Resssich Fellow)

« Investigate how Informatton {rom 1) the originsl dats, 2) snalysis snd display

procadu and J) the user may be combined 1o facilitate knowledgs discovery
in & dastassel.

Explore the development al algorithms which sepresent how Information
regarding snslysis goals and hypolheses, trensformation procedures, and
metadala may be combined to lacliitale the di y ol k U

Seek 10 develop dataliow rsepre
sources.

ol the information beiween these

Characlerize interaction dynsmics of informatlon top-down In a gosi-driven
mannar from the user towerds the data end the anslysis and dispisy procedures
snd bottom-up In sn eveni-driven manners.

Use rosulting metadsla 10 charsclasize and classily the snalysis and display
proceduses.

Classily the cooparatlve or compsiitive (nformstion flow dynamics.

Juiy 21222 11 THH

APu

Possible Outcomes
{Summar Resesrch Fellow)

« Sallence messures which sre locslly Interesting (lrom data perspeciive) and
globsily Interesting {ltom the domaln speclatist's perspaciive).

« Concurrent dstla exploration paths.

« Exzperimental trials to determine I eigorithms falihfully sreprasent uses
prelssences and gosis.

« Machine lesrning lechniques used to genersiize data snalysis sigorithms.

July 93-13 e T™HH
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APuL

Sclence

The piimsry pi
ol carbon Inlo the
Becsuse the ocesn s 1hought 1e be s primary sink o simespherle

imary P € ln ihe global bulgcl (1)
4 he globsl preduciivity of the ocssns, 1he Inleracilons Betwesn the physicsl
The blological populstion ol the ocesn Ia Nighly vsiiable

in the acesn la largely responsible for the sssimiisiion

balh apstially snd temporsily on st time ané space & The global n of INis problem then
tequires Ihe use of sstatlite Instrumentation as the enly » U Pt 9
spslist scelen thal sie spprap ¢ 10 the 1 o) casrtion llus into ihe o .
this Is le ous under ) ol bilty m the sen

to p a mate s
objectives of this ressarch are the desciiption ef th d temporat distributions and
verisbilily af ihs plandionic communily A ihe ses snd (he primary preduc ity ol thet community.
To achleve 1k objeciives, remotely unua dsts ul the spatlel snd temporal distribultons of

11 q | o the 8 o 810 used s provide 8
descniplion al the s uul vorlsbillly of the waler column pelmery
Pacitic Ocesn snd le enplore (he spatisl end temporal of phy b ond
primary p Ivity In the eq I Pecitic Ocean upwalling srss and In Ihe oligatraphlc centrat
Pacitic gyie.

rom scesn colof Inlony The

To provide an understanding of Ihe globsl fus of csrbon Ihrough the upper ocesn inte the ocesn
the JGOFS ng C LT1} liled the need for bolh llme-serles eng

P nd e initla tegional siudles ol thusse
piocessss. A regionsl study hss been delined 1o cribe the rele ol the noith Pacliic Ocean in the
global flus ol cetbon. The equsiorisl Pacliic hes besn selecied for the Inlensive process oslented
study wupwelling pte sudy of the oligotiephic centtst
Pacilic gyre has besn Inll taw study s! lhe ALOMHA
duly 3323 iem

JPL €y
Sclence (cont’d)

The Pacliic studies tequire & much brosdar conteul in which 15 Interprel Ihe measuremenis
provid by the lim - To addiess ths biosder conleal,
sslellite Imagery tan pisvide a desciipiion of |M lp calas o e bDiolaqical anyg
® and thesls labitity, Inct 9 ] mass, incidenl wisdiance,
and ] ), of bl al aut (] of mstine phyloplankton andg
bacleris. Wo witl use l time serles ol CICS images ol the llmuphul: sstosal and pigment
disteibutions tor the merth Pacilic Ocean, datined 1o intiude the Equstoiist ssgion, sutandmg o
2008, 10 study the sessonsl vacladlilly ol primary oduclivily. This dais will be combined wilh
ol the I-IC!I' puducl torm Ihe -guflace tamperature and dala of the distribution of
i¢ cloud d } to produce 8 local climsiology ol the
uoui Paciiic oces time s will by amined 1o detesmine ihe
[ 1] 4l the Inteiannual varialions that occur I

The reglonal Im ty kem the pornth Pscilic will ptovide sn histoiical tem tor Vhe 9
study el nis seglan.  Fer the P ot the [ ol primsry productiviy,
compoaite mepe will ba gensrsied luln ihe Individual scenes produced fiom the C2CS archives.

of the 1] 1 descilpiion of the praducilvily of the region
and (o preserve the temporal ¢ ihet Is tundamaentstly splisodic in nature. Two such
meps will be produce, including lu ps of the totsl productivity, compuied lrom (he s
Windisnce snd Ihe waler 8 model described by Collins,
" the catbon lllu lhuu'l a model under uulapmlnl by Mitchefl, ot al, 1980,

mo tel the {] of the lotsl carbon assimilation by
phytoplisnkion ln the o n. “while the the trsclion of Ihe tolal
carhon | d 4 frem s which

contribule (8 the uptaske &l CO2 frem (ke aimasphere.

duly 2333 Vet THR

JPLu

Sclence (cont’d)

uunl al pigment concenirailan, and of Ihe radiance

IM. sk witt ut the Cnuu at the
! for 8 that |s

g the 4 by o
fundsmenisity detlclent .l dais IA centpin ¢ gl.nn
opeisilons! faclere. Te permit Inls assessment, data lrom the
logethar with Lhe tamparally snd spailally adjacent pigment
8 mesns ol Imating 1he toval Netd.  The
s ol the pigment and

d pigment fHelds will then be us
produciivity Helds in the siudy ares.

stitlicin Intelligence lo:nnulagy for the l [ tatd and
!

physicel |n¢ blologicel ﬂucrlpuom

space and time. The slalisticsl dsscripiion pravided By the use ot Al |.cnnn|o" will snhance out

sbithy piadict ihe elopment of these NHaids through the use of these techaiques to Bssess
the rol the physicsl p s in the develop ol the pig fisids in space and
tima.

With the velopment ¢l properly ] [1 ] tlelds, el of the net and

carbon I Pacilic

total primary preductivily will permil lll (1) z In the equal

ocean. These will be ¢ lo p maent ol the net Hux of carbon ltom
the stmosphers lnle the ecesns on sn snnual basle. Our prell al his g y are
3.2 Glons C af the waler leaving udllnu and s tegresstan of

welsr leaving esdlance snd cardbon thlun on work by Milchel, ot al, 1991, Thase estimates
will be velined gh & belier I ol the stlon and thus al the wates
lesving radlence.

July 1213 190 THH



1H

e
-

S

AANYRO Mood 40
¥ TYADIMO

]

1e-d

JPu

LinkWIinds

st will, & largs number of dalasels seisied (o lwo databases.
wrfsce tcmpautuu {MCSST) data which are glodal ocean
e Color Scennar (CICS) dsla which messuts ocesn
biomass Once thess are lngested Inie LinkWinds, its toals can be us to siudy
Jo1b ecsan P snd bl

sels which sre Ihe subject el sur mear-term siudles sse larger Ihan

The acesnogisphis d
Is compoeed st lwa Im, me nuln.

praviously used in LinkWind
204021024 pinsis, with 18-bits por pi
sure ol Ine qunul' of the dals Image on & plusi-by-piret ..

the CICS dais v mulllwn:lul images In fiva chennels, esch of 8-bits renge.
on & weskly basls, 08 wetl as Ia monthly cemposis lorm.

] ¢ ls 1he hical Data Formal (HOF) developsd 51 the
leatk (NCSA) st the University of Nlinels. LinkWinds

Far Ingestion, sl
Nstional Center lot S
wil be madilied la nu s -nmuu dets fnimal.

Is taking place n 1wo sleges.
0 plnl Imsges and pul Inte HDF ftormal.

the LinkWinda snvlronment la wnderwsy now by
\he toots and

Becouse of (he ot site of these

Prailminary
Philip LI, and is eailmai
convrols of LinkWinds can be Immed
stage 1wo, all teols and conltoly of LinkWinds
arblirardy tetge image o The coding ler (hese uulllullonn is being done now by Aiich Wade.
moditicaions is sfiow INe user 18 resd wsdhirary HOF flies will be

Concununu o o
on Phllip L3, Mitch snd Martlin Orion. Once thase laths ate
:ompm-d u-l the dais l- N3 lullest form csn be sesd and studl then we will concenl
fools, and P asw on the sludles

p L]
July  39-23 1988
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Summer Facully Research - Data Knowledge Issues

& N Py
couid mesn

ive. Machinss may
s. The development
snd
nted In a form that

One cesull ol on arpen } Incresse W volums of 4218 and »
sxpariise I8 o o1 dolay In the discovery knswledge. Such
portormance degradstien or cthical system faliwe, which ceuld

eme n lous dats 1 and snalysie t
stant sysiems will l
them. How should Ihis knowledge be

iy 8 machine?

An ssplatstory dala snslysis ualom. unwunu. has hean devsloped sl 1ha Jet Propulsion
I.lhoulou (JPL) of the C of Technology 10 help lentl trom varlous

[] now & ledge Wram dats. LinkWindas allows Ks use ct dals sources
snd fink Inem with veilous tr atlon procedures that snslyze or display dsta. LinkWinds s
one ol sl lessl twe olher alforis st JPL (Grephical Rep: fon ol K 9¢ (GROK} and (ne
Sclance Analysis Assistent (SAA) whese objectives s:8 (a reduce the dliliculty of managing of
suploring complen ef lsige datasets of knowledge bases.

Sclentisls who Mave 4 LinkWinds

4 wiith g Mexlnility. They cen manipulate
color maps snd combine, ar link, other “siiders”, s, and graphs to support
interactive maniputation of dsis lor eseminstian, thus ssslly changing the lapolegy ot dats,
snalysis and display windows snd linke. Ono uuon for Ihe high level of ssttslaction wilk
LinkWinds may bs Wis e lon of the dala anslysls skills ar piocesses ol

m. LInAWinde supporis the lerslive ] at dats 9!
L] veled snd the search stops of s

July 22:33 M THe
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Summer Facully Research - Data Knowledge Issues
(cont'd)

!M visualization toals snd snalysis procedures In LinkWinds further haip consisain the sesich by
@ data Manst ] 10 be reprasented by color, animstion, ot olhey wvisuslly percephitin:

ot p d linked by Lhe user can lead lo the idenuticanon ol

iginal datssel and the possible dl ¥y ol new &k ledqe. Vhis

1Mt of the linking process which ls diiven by the user's daman

specitic and genersi Anowledge snd saperisnce.

same Idess sie smbedded in GROK, Speciticslly, GROK'S design assens that nodes
1 visualization ol the grouping end uuulng ol geansisl hnowiedge

Soms of thes
and linkg {

Grouping ené d » Ipping” of al ge elamenty
upon which inferances may bs made. This In lllﬂlll to semantic nnmun wheta 8 gtaph with
1 links tep the » e [} objecis (nodes) of the graph Suth

mluovll ste Mesarchical snd clans inheritonce ls llun I :huulul-ll: of nodes In Ihe graph
Much et the fst snd neursl l linking nodes thel ach
simple computlng elements (n & similar fashion. Resesich I3 In progress (hat will use the Gnox
sources and snaiysis toulines within and Getwesn mauching

hosts on o shared compuler melwark.

We asssume Ihsl the piocass of dste .nuly:ll 1s welt-toprosenied by 8 graph al connscied dala,
snd dlspley p Our Is to0 | igets how from ) (he
sls and lunlu wnuduul and 3) the uuv may combine to lacititaie

n 8 dslasel. The originel ﬂnu p event Aistory of
ol ihe duls h 0, Pacth the @als Into
basle of spatisl, lemperssl, o7 ethes plyulully o lcgl:uly tslsvant grouplng end o
is essentisl. The ensiysis and dlaplay p dy a ptlosl N

July 23-33 1808 L)
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Summer Fscully Research - Data Knowledgs issues
(cont'd)

" " ded 16 " 1ne orlginal dstasel. C Inath of these

procedures cen be more uselful thet Ihey are lmupmd.nlly. Again, this Is sn example of collaclive

emergent behavior. The user has the experience necesssry 1o link knowledge of domain dependent

goais snd AypnlMu anafysie and display procedurss, snd the source dats o drive esploratory

edback ltom the lransformallon processes allow the user 1o decide  the
Y gosls and hypotheses.

davel

Qur Investigstlon will explofe fhe P 1 of slg which tepresent how intoimation
tegarding snalysis gasis and hypolheses, trenslarmation procedures, and meladsla may be
combined ta facilliste the discovery ol knowlsdge. We betleve that much ol the users’ doman
tnowiedge {s embodied In the 1} dimenstonaiity snd 2} dlu:llan-m' al the linkg bdelween the axta

ond verlous \resnsformalion p. . The lcs of (he users' domain knowledge s
represeniad by (hese links. Often, the user Is nol awaie of m-ny ol the snalymis and display
metheds which moey stsisl daia snalysis. We seeh 1o develop [ repre ot the
Inlormallon belwesn N sources.

Anolh h jectl s te ch 10 the dy J of the b ol lnt [}

Some Intormstion Noun top-down In & gasl-drlven manner ticm the user towards the dals angd ihe
anslysis snd display pi Other int, ) flows botlom-up In sn eveni-dtiven mannes Ny

using pattern recognition, Informetion theorellc snd other statlstical maelhods, resylting metadala
may help ¢ tive 1a (he llow of wlaimation
Object-orle (111 y these proceduses as
well ss the coeperslive ar competillve inlormstion ilow dynamics.

July 2535 e8¢ tun
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Summer Facully Research - Dats Knowledge Issues
{cont’'d)

Jtopetulty, the resull of sur work will be @
ihal may be capsbie of sdvising & sclential an ways te .uh
ssllsncs massutas which sre locslly Interesting (lrom o & perapaclive) snd globally int
{from the o islst's ). Future lasueg | 1) the possibly
ng physicelly of loglull' toncusrent nphullul paihs ot Interent lo the user, 2)

whhin LinkWinds or GROK
8 large data on the basls of

wisls e etming ¥ our algerit [l unef P and gaals,
.nc n PP ol k 9 ¢ q n an e g Hie eut d y
sigosithms.
July 22:33 1 wn
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Experl Syslems

(L]
presents 3 rich sol of Mo
interpoisiad imege. The lime

ographic demsin

tpoistion @i LT acrens L1l The ec
must be clutiersd snd combined le

q 4 the & (o Is Inhiblted n
cnmpuunonnl tesources nseded o find a comprshansive correlstion over Ihe entire
Artith [ At will supp this offort by combining the dsls sels uiing llll. of the st
maching Iummg techniques. Laverage of thle tash s provided by the Sclenillic Anslysis
Ass Code RC. Togsth | ae | Igsting how hik
fasrning techniques csn asaist loni) with dala i [l

Piool of Concept Near Term Gosls

Machine L Ina Tachnl

- Evalusie and C

Q103

Parultel Disltibuled P b POP N h

AuteClass

-~ Apply Sl 4 T and Tast Perl
Apply Ine L lng #lg
snd test Ihe alp [ on the inlng one thikd of

Solution Long Ferm Goals
- Apply Praven Technlque
Produce Ihe Inlsrpolated Image using selected dala psramelars.
- Compare Peilormance
Mo 7] peslormence of machine lsarning stgerith to

tachniques.
duly 21222 1 mn

JPL (.m

Expert Systems
{coni’d)

Neusal nelwork algotithms shais & tommon feature thal 3sis tham spait from conventionst
tachniques. They woik well with non linesr sysiems. The ocesn sclence domain presents an
Inlerpolsilon problems (hat combines temporss! and spalis) considerations. Long known la follow nun
e convenllansily modeled with llnear sppioaimslion lechniques.
4 a que 18 ths pettormance ol advances
c.mpuullonll methede oa the non-linesr domain.

’ D¢ the relail p b 208 surlscs temperature end chiotophyll amount over
lh- Hawsil scosn Vimy anrien (HOTS) sits.  Use the derived selationship 19 intes
chilorophyd messurements under cloud dals given ses surfece tempersiurd messuremenis.

A { ] After parl of sigoriihms such #s GID3 and Aulociass, & back
propagation nsuwial MI -n | “ best PP te types. The
back prop [ wes itled 10 produce real-valued Instesd of binary outpul

Esperiment: Inpul le the neursl net e 8 ul of spatial and temporal tempataiure messurements.
Outputs ussd o the chlotaphyll
mensutement. 1o not obscured by clouds ese selecied lor
Inpul le the nelwork, Twe Ithirds of Ihe dets sel Is used (o lraln the netwark. The
temalning one (N Is used o test the metwork perst Qnce oplimal network
peitormanca la schiaved, \he dats originally sncuuﬂ By clouds will be Intatpalsted wun
the treln stwesh.and opatis) and temporsl P (]

Status:  Training ond lesting of the neurst net Is underway. The network has besn Wralned 1o »
0% contidence isvel. Te Inciesse ihis contidence mesguts we will use principle
component snalysis techniques 1o fiter the most Intormetive dels spatisily and
tamporsMy. Addition el this this will Imi the ber of Inpul nodes and

b the ! per nodas.

duty 2338 ey ™o
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Dats Management

[+ [ ] logy Ye largely desig for Busk dats p ing
nppllullom. and unu [ lor 1 ppilcatl This ATOP is sddiesaing the
following |} " '] [}

L. Sclentitic Darshase Wod
t. Data formst (ussge of dnets-dota smbedded In datesel nudul. dnu conversion thal
1t )

3. Anstysis-rel
4. Dote quality

saussment {ideniity snd Irest missing data, Lo, NULL valus representstion,
evalusie dala validity slier dsta Inler !

1 dats W i e, ..}

ts ingestion end dats visuslizstion
2. Osta estraction snd sterage of eairacied dsin
3. Tesching, logging, snd synchionlzalion o} dals access aclivitles

Figuts 1 depicls todey's -nla al scisnce dals mena nl. Thers ste many o format from the
dats suppliers in dill There aie many data convaision Yool avanable
10 convert from 1he suppliers’ formsls 1o the dats loimats deswed by Ihe data consumers. Oue of
the objectives of the ongoing projech Is 1e build » P d n Figuie
A sysiem, named DeataHub, witl r betwesn tha dale wppllcu and the dsis caonsumcis

d analys) d to provide s sysiemalic approsch

Jely 33-2) wm L0
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.o KNOWLEDGE-BASED ASSISTANCE FOR SCIENCE VISUALIZATION AND

ANALYSIS USING LARGE DISTRIBUTED DATABASES
INRA: UI'N 65685 21, T. Mandiey)

GOAL / OBJECTIVES

FROVILL AN fon
DEMUNSTIRA TWONS AND TESIING

ATV MANME FXILRT SYTIEM TECINKOUNES YO DATA
MANAGEMENT. BATA ANALTSIS ANU VISUAMLSIATON

APPROACH / BUDGET

DENGH AMD DEVELOP THE DATAIE ALONO WTTH THE IMAL DATA
SETS FOR A VATAI US/LIMKWINLS BASIL STSTEM

UL TUE DATAIS TO FROVIIE AN ENVIMINMENT FOR BULY;
DEYELOIMENT. DEMOWSTRATIONS AN TESTWIG BY I LENENTING
TRRMT SERVERY FOU EACHH OF THE ONMA DOMANS § € , MFTWANE
THAT FAUVIIES DATA AND IIERACTIONS.

BSTANLEM TIE WOMUNO INTEATACE PETWELN | MUWANE M) NE
PATOS

DEMONITATE TUE INTERFACE WITH DATA BETS AS DETE RMNED U7 TIig
SCHNCE OF INVESTIIATOR

L VI -

FY81 ACCOMPLISIIMENTS

NMINAL ERERT SYTTE M DUMAN i

GCEAN DATA SETS SELECTLU ANL ACQUINELY /98

FIFHVIE DATAIIUM/ MU WINIE DAIA
"mreMi

(V1)
WHEIWE NI O NCONE T e LS
ANAANIS M A 2 /o0
WOHKSIA T N § NVINONAY N T AN
MOV ALES b PN o
PABAIRI S 1Y iy
(L LTy YT el

FY92 MAJOR MILESTONES

ANALYESS ASMSTANT (17, 1}
PATAIUS REMOTE DEICH 13798
NUETUMAL DATASETS IGEOLOGY,

ATHMUSHTIR NIC) SUMPOKT i
ATA MANACE MENT W EIGE

LA INEE b 10
DATA MANACEMENT ASUSTANT "”
MRS TATION "we
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PRINCIPAL INVESTIGATORS PRESENTATIONS

MULTI-CHANNEL HOLOGRAPHIC BIRFURCATIVE
NUERAL NETWORK SYSTEM
FOR REAL-TIME ADAPTIVE EOS DATA ANALYSIS

Hua-Kuang Liuw/P.L

Jet Propulsion Laboratory
Pasadena, CA

(818) 354-8935

J. Diep/Co.l.
K. Huang/Co.l.
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MULTE-CHANNEL HOLOGRAPIIC BIRFURCATIVE NEURAL NETWORK SYSTEM
FOR REAL-TIME ADASTIVE EOS DATA ANALYSIS

ua-Kuang Liu

Jet Propuision Laboratory
Pasadens, Ca. 91109

OUTLINE OF TIE TALK

QBJECTIVE
TECIINICAL APPROACH
FUNDAMENTAL PHYSICAL CHARACTERISTICS
IMPORTANCE
PROGRESS SUMMARY

FUTURE RESFARCII WORK PLAN

OBJECTIVE

To tescarch and develop a novel optical bifuscating acuromorphic
pattern recognition system for making optical data areay comparisons
and to evaluate the use of the sysicm for EOS data classitication,
teduction, analysis and other applications.

IMPORTANCE OF TIIE WORK

The bifurcating optical data and pattern recognition and classification system is based on the
theory of the nonlincar wave scattering and Interaction in pholtorcfractive erysials and the
nonlinear meuromorphic interconnection and activation.  Theoretical understanding ot the
system is important 10 noalincar science and technology.

The system combines advanced spatial light modulator technology with holographic and
phatorefraciive material and devices. These el function together to allow massively
parallc) processing at the speed of light. Experimental sesults of the systens can fead ta
inventions impottant for technology breakihrough.

The multichannel version of the system sllows the input of dats simultancously from many
different sensor sources and thus offers sensor analysis and fusion capability with high capacity
and thioughput. The system has important poiential applications include paralict database
search, image and signat understanding and analysis, natural language processing, in addition
to real-time multi-ch | adaptive EOS data analysi
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TECHNICAL APPROACH
* Abe Greespace holographic interconnection and  optical  paratlel  processing
capabilitics with multi-chanuel input capacity.

*  The multi-channel input is sealizable by hologiaphic optical ele (HOE) amd
bigh specd upfitable SEM's.

¢ Photocclractive crystals will be used for the | lon of the bIf ing decision
making process.

*  Input data are applied vis optical spatial light modulators into the optical sysiem.
*  Oulput arc naturally classificd Into muliiple channels of pairs of branches.

*  Separately-contiolled or integrated and organized decisions aof the out isformation
can be made bascd on the output.

PROGRESS SUMMARY (Fy31 Accomplishments)

(1) Completcd a simplified model for the dynamic beam fanning ph via
inlomugencons scaticting centers in phutorefractive crysials,

(2) Developed voltaborarive analysis activities with JPL collesgues including 3. Grimes, W. Tai,
W. Fang, and Prof. K. liwang of USC.

(3) Found intereefationship and areas of potentisl applications of the system in data format
standasdization program of NASA.

(4) Investigated basic phic iative tetrieval processing that include the terminal
attractor based Hoplficld model in the aspects of the data format and optical implementation
challenges.

PROGRESS SUMMARY (Fy91 Accomplishiments)

(Continucd)

(5) favesiigated hardware issucs including key holographic optical clements and acw
clecttonicatly addressed spatial light modutators.

(6) Recent th ical and i | results on the spatial and spectral elfects vn none
f: g for ph (ractive bllurcmn| process was submitted for publication a1 the OS5\
annual mceting in Nov,, 1991.

H K lUn
(1) P d an invited tatk on nonli h {ractive optical processing a1 the Elecnrical
Engincering Depattment of the City Gullcge of New York on June 24, 1'WL e abo
discussed the projects on the new wavelet theory and its opticat implementations with the
tescaichers led by Prof. Y. Ll st CCNY. They explored the wavelet RADAR signal
The technique may be imp to NASA's SETI program.

PROGRESS SUMMARY (Fy9! Accomplishmenis)

{Continued)

(R) A U. S. patent No. 5,005,954 calitled “Method and Apparatus for Sccond-Rank Teasos
Genertion® was received.  This invention is uselul for the gencration of newtal wt
inicrconnection numcu in (eal time and is lmpouam for future optical computer nciwarking

licati The p fractive crystal used in the patent was the same as the one used in
the current NASA RTOP work. The invention is uscful 10 the curreat project.

H. K. L
(9) Attended the Qordon R h Conf ¢ in the week of June 16, 1991 at the Plymouth
College, Plymouth, NI1. He presented a talk on the topic of self-amplilication in opucal
pattern recognition. The talk was well-received by about 100 invited experts in the ficld ol
holography and information processing from various countries including Japan, France, brack
Canada, German, USSR, China, Sweden, and USA.  Many interesting and importiat
techniques were di 1 in a very informal atmosphere.
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FUMTURE RESEARCIE WORK PLAN (Fy92 Major Milestoncs)

th Experiment with the photorefractive crystals including DaTiO, and KNbO, on their
capabilitics of bilweating diffeaction via the studies of beam polarization, incidence angle of
the input beam, crystal osientation, and spatlal light modulator characteristics.

{2) tnvedigate the analogy b the norphic g ing and the nonli dy
wave coupling phenomenon in the photorelractive crystals for gaining a deepes understanding
ol the fundamental building block of the sysiem.

(M Investipate the data format sequirement and the output ulilization algorithm of »
multichannel system for the preparation of the design of an spplication-oricnted aschitecture
design.

o
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NATIONAL CENTER FOR
SUPERCOMPUTER APPLICATIONS

Matthew Arrott/P.1.
NCSA

University of Illinois
Urbana, IL

(217) 244-6833
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NCSA TEAM

PROJECT STRATEGY

Scientific Research and Development
Atmospheric Science Group

Compulational Environment and Application Davelopment
Visualization Development Group

Prototype
Investigate the issues and mechanics for possibte intergration of
atmospheric dala across scales and use ol modelling and
observational data

Divide and canquaer
Storm (supported by NCSA and NSF)
Reglonal (supported by NASA)
Global
Ocean

Computational Application Model
Data Generation
Observation
Modelling
Analysls
Inspection

Davelop
Integration of successiul prolotype etforts into a saries of robust
applications . .
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NASA MEETING

NCSA GOAL
NCSA TEAM
PROJECT STRATEGY

COMPUTATIONAL RESEARCH ENVIRONMENT

“NCSA GOAL

To davelop comprehensive computational research environmaents
through the use of evolving sottwara technology

e
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COMPUTATIONAL RESEARCH

ENVIRONMENT

Base criteria
Interactive
Visual
Distributed
Extensible
Vendor supported

Silicon Graphic's "Explorer® Software
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BOLSAADD SSNTIN 700 ASTACDYMAMICS AZIEAACH

3
o 3 (2CAR)
ry o -« .
Xt 5 ARESEARCH CENTER GF THE ENG2EERNG CIULEGE
[y 3
o OF THE
Clw
et UNIVERSITY OF COLORADO

OG- TEEM GOAL,
TO DEVELOP A WORLD-CLASS TEACHING AND RESEAACH PROGRAM IN

EARTH APPLICATIONS OF SATELUTE REMOTE SENSING: TO
PARTICIPATE IN GLOBAL CHANGE ANQ EARTH SYSTEM SCIENCE

CU/CCAR

PHOVILED
OTHER USERS
NEW
PEXICO

RESEARCH AND TO TRAIN NEW SCIENTISTS TO FURTHER WORK IN THESE
AESEARCH AREAL -
STAEE:
§ FULL- TIME FACLLTY
- 2RESEARCH FACULTY
g 3 ADMINISTRATIVE ASSISTANTS
3 PROGRAMMERS/RESEARCH ASSOCIATES
43 GRADUATE ASSISTANT RESEARCHERS
14 UNDERGRADUATE ASSISTANTS
BESEARCH AREAS OF ENPMASIS:
)
. ..§_ SATELLITE MISSION PUANNING AND DESIGN {¢ Rpme | 7= Qo bbemegs, vt
z g ¥ PRECISION CRSIT DETERLINATION :
E £ ANALYSS OF SPACE DEERES - .0 <10
<3 3 SATELLITE SENSOR ALGORITHM DEVELOPMENT -
S< SATELLITE DATA ANALYSIS ANO IMAGE DISPLAY 1 Semer
g4 CEVELOPMENT OF SATELLITE DATA RECEIVING SYSTEMS

1)

EQSDIS TESTBED: AN AVHRR DATA SYSTEM
FOR SNOWPACK AND VEGETATION STUDIES A

81U, EMERY, JEFF DOZER. ANO PAUL ACTAR

RU

v

OBJECTIVE: TO PROVIOE AN END-TO-END DATA SYSTEM
FOR THE COLLECTION, PROCESSING AND ANALYSIS OF
AVHRR DATA FOR TWO SPECIFIC DISCIPUNES

R 2
gy
(210

A<

t COLLECT AND PROGESS AVHRRA MAGERY OF THE WESTERN U.S.

AT CU/CCAR \ IR fi i
2. STORE PROCESSED DATA AT NCAR ON MASS STORE El § e
.
3. MAKE DATA AVAILABLE TO RESEARCH USER COMMUNITY ON CR d N\
CFFUNE AS RECUIRED 3 ¢ 7 R
z N

1 DEVELOP USER COMMUNITY INTERESTED IN AVHRR
APPUCATIONS IN SNOW COVER AND VEGETATION

5. DEVELOP APPLICATIONS SOFTWARE ON MAGC'S AND UNIX FOR
THIS USER COMMUNITY: OISTRIBUTE SOFTWARE TO USERS (LE.
MMAGE PROCESSING. IMAGE NAVIGATION, IMAGE CAUBHATION,
ETC)

B
K

ey
8

Bagus 112 4 1430 ga d Sponm Andonssms

CuficAR AnTEneS

e
S
|

15T
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OF POOR QUAL:TY
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CUZCCAR SATELLITE DATA ANALYSIS ACTIVITIES

VESETATION RORE T OR g wiT™ Theg
NORPIALIZTD O FERTNCY VER INDR:
RELATIONTAY TO CROP SFODUCT HON

RAPPING GULF STRTAN
CURRINTS FROM SECUINTIAL
SST 1RAGLS. COMBINME AVt
WUAGKS WITW GIOSAT MT DATA

USING AVieER IFAGIRY
0 MAP 42CTIC T

LOGT, CONCENTRATION,
CLrPITING ICE traTiON

D-65

P 1] ETWAR
AT QUICCAR

IMAGE PACCESSING SOFTWARE

1. SHO: A generic image processing program (haf runs on SUN
workstations under SUNTOOLS/SUNVIEW (aiso on DEC X10)

2. DECSHO: A version of SHO that rung on DECWINDOWS
2. MOTIESHO: A version of SHO that runs on any X11 workstation

4. IMAGIC: ‘A similar imaQe processing program that runs on the
MACINTOSH-II family of computers

L A Cp { ing

g, ingest, archival)

b. lmage Navigation and IR Cajration
e TOVS profiles (ITPP or 31)
d. Appiications (skin SST, SST motion, ice edge and

ice moth getati cloud top temperature,
coud height, 30 perspective, etc.)
QIHER SATFLLUTE DATA HANOUING

2 SSM1 (ice and water vanor), LANDSAT & SPOT (30 mapping),
SAR (ics mepping}

Jaene =t Woymes

TIROS/HRPT GOES ANTENNA
WIGATED AT M0 AT CWCTAR AT, 0
7.6 11 DOMSAT ANT 10 v

EXPECTED OEC 91
(Baing mobaliad)

T1 CONNECTION TO NCAR CCAR

CONNECTION TO
C“ o<+ . MIAMT FOR AVHAR
GAC DATA; 3ME5
OF DATA BELI vERED
QAILY
weneT
WORKSTATION

SONNECTION TC
COLORADD STATE Y
FOR GOES DATA

(austemsen’

SATELLITE DATA CONNECTIANS

- ORIGINAL FAGE #S
OF POOR QUALITY
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NCAR Mass Storage Systems
(MSS)

105,000 tape cartridges In use
Tolal data stored 19 Tbhyles
Over 722,000 files

Average file length 26,3 MB

< two-mlnute delivery

d'l:“\ Sclarndia C Divasion
S [ L1 s recorpany « Commucamns + Ou

~

/

f Mass Storage System Hlerarchy

~

MSS Cuniroller Control Path
and Director

I

d HCAR Screnttic Compulng Division
EE Supsicompubng « Communcatons » Data

Disk Farm Y-MP8/864
=1 120 GBytes UNICOS
10 sec accesy I
STK 4400 ACS NSC Fasipath
[ 6K cariridges ROME
About § minute T Channel
HIN {3} Adaptoer
Open Shelves
| | 81K cariridges
2-10 minute
HIYYSH

-~

Wide Area Network Connections at NCAR

Mg AW aiiet.
. Boets iUnbow ey
ot S OAET ibetesduy o bulraaied
s
. Masvenad Coaf 4 Cooss .
2 ) [ ;\ Ma € Bach bude -y Rl
O [pren
X SYNNEC L snod b
B Cagonnrt wwent dwid Priivary
~ A PO At (Gt 0s ety
p N N ot M ylnady
[T »y g
A TN
) 7
. Ud N
. Q T arnigt
N . 4 Begersompuins | vnier)
. . ) g
. . (Y et 0
L Bere b (Sen . . 9
Boperasenpuang € ~ N \( 0
.
.
I“
An D Y
N 4,
AL s
A Vedvonanp of Mbamt

NCAR Scienuic Owanon
E:d——m—...m.m.m

Remote Access

Fronl end Co" puler “E
Shavano .

4 'Dlal -Up Access
" .
Divislonal Cqmputen t"

_§'= “Including
’1,. 800 Numbers

MASnet

voer ¥l NSFNET/nternet

Guteway =1 DITNET
l‘ 1 T ——————

puters NASA SN

NASA SPAN

NCAR Screntd CNM Ovnnaon
: l-'—u-v-‘ Commuracsisns + Qua




University of Colorado
AVHRR Images Om Lime @
NCAR

As of this date. there are 499 days of dau

starting on March 3, 1989 -- July 18, 1991.

The first images consisted only of channels 1

and 2. Now all channeis are being archived. -

Current Number Of Images
Images on line: 1,200 _. . .
Size of Image: 1 Megabyte .
Storage Size: = 12 Gbytes

Monthly Number Of Images
Images processed per month: 120/mth
Processed Data Size: 120 Megabytes/mth

Daily Number Of Images
Images Processed Per Day: 4/day
Size of Image: 1 Megabyte
Storage size: 4 Megabytes/day
Channels 1, 2, 3,4, 5

Image Projection

limages at End Of Project: 4.200
Image Storage Size: 4.2 Gbytes a
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PRINCIPAL INVESTIGATORS PRESENTATIONS

GEOGRAPHIC INFORMATION SYSTEM FOR
FUSION AND ANALYSIS OF HIGH-RESOLUTION
REMOTE SENSING AND GROUND TRUTH DATA

Anthony Freeman/P.IL.

Jet Propulsion Laboratory
Pasadena, CA

(818) 354-1887

Pascale Dubois/Co.1.
Franz Leberl/Co.1L
L. Norikane/Co.l
JoBea Way/Co.l.

|
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JPL

ABRL APu

Cantroniad with the p of data from remote
sansing instruments  and qmuna data collection tor this site. (he
applicalions scientist mIGNL ask the {ollowing quastions:

SCIENTIFIC C8JECTIVES

GEOGRAPHIC INFORMATION SYSTEM FOR FUSION

AND ANALYSIS OF HIGH-RESOLUTION REMOTE i) How daimampuiaie such 2 [3rge daia 3er?

SENSING AND GROUND TRUTH DATA il)  How do | assess its information content?

W) How do i tind the optimum combinations of dau to stuady
A. Freeman, J. Way and L. Norikane (JPL) Gos in & grven Biogeophysical p
iv)) How do | visuaiize the resuits?
F. Leberi (Vaxcat Corp.) .
v Hm- dai wm? Q in-sity 1]
F. Davis and Y. Wang (UCSB)
. . vi) What scientific generaiizations can be made from this study,
oven tNOUGH (NeNs an0 anly fwa C238 studies?

vil) What important issuss emerge which would impact EOS DIS ang
wnth highiy mult-
dimennional data?

vi) To what axtent 90 the GIS and Image Processing systems, bown
of whiCh were demgnad 10 work with scienttic data in raster

format, and which ars essentially stats-of-the-art, show
mmhwmommldmw
moum. o dna? Thus is & issue ot great importancs to

L e

5- §§ Taak Campiston Dale
'g 239 " 1. instail VICARNS!S on SPARCs Woarkstaton (JPL): £
g iii 3 3 g 3 38 5 2 Data Preparaton:
- k]
sgggi ’§§ 5‘; H ummszmr LANDSAT Spot scanes (JPL) 591
g5 gggu Zaiis data Geocoding (Vexcal PL) 1691
§“;3 2333 -;.35 Sanertis s Tasa ata fof modets (UC38) 831
&5 a 2 ad ; 2
] 33 3 1 Daa into GIS Oatabese
§E§§3 33dl 32551 e w
data 10791
Data from other sensors ¥
Ground Trutn Oata 1091
Simuisted Radar data s
4 Integration of GI3 and Sp H Image P g YW (JPL,
g VEXCEL)
] a Identity requirad S/W V91
g i ? inszad on SPARCS W &9
- -< - h‘“ m.m
a § E @a lnm‘;:a $/91
s It g X integraze 79
<
b3 § 8 a . Development of New Algoritnms (JPLUCSB)
§ Olstance Measures 511
é Muit-gimensional Classification Algorithms ?
3
3 8, Dats snalysis for case stuay | (4P, UCSB)
Extract radar parametsrs from dats 1291
» c:uo-comtmca 2 sats ;_.;gi
3 Procuca Ganunicauon tane 192
5 y of ragar 292
S vuuat- radar moceis s,9§
5 6.9
g Wnll fepOrvIOUMal paper on resuits 832
2

] CArGlisal FACE 15
PREC‘ED:I\'G F:H\GE ﬂ‘ }:\ f{ "3 rlL;'(HiED Cr ?Ov}p UF’CLET{ D-69
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ARU

SCHEDULE (CONT.)

Task Compilauon Oate
7. Oata Preparnation (ar Case Study
SAR data Geocading (Vexcal) 07/92
AVIAIS cats {JPL) 0892
Ground Truth data formatting (JPL) 0N92
? radar data g (ucsa) cv92
8. Data Entry (Case Study i) (JPL) 1092
9. Data Analysis (Case Study Ul) (JPL, UC38)
£1tract racar parameters from data 11792
Clross-correiate data sets 1292
Principai co! Ul
Producs Classiticaton maps Ei =]
Sensitinity 9l
Racar Moasl Validation 0593
Cotimuze visualizaton 0893
Reporvjoumal paper 1794
10, S/W Qocumentation (JPL, VEXCEL)
Write S/W Description 11784
Write Usar's Guide o YW 1

JBL

GEQOGRAPHIC INFORMATION SYSTEM

« STATUS OF UNIX VICARIBLS S/W:

« STARTING POINT WAS A S&T OF UNIX VICAR ROUTINES
TRANSLATED 8Y ARIZONA STATE UNIVERSITY

« CURRENTLY HAVE 43 VICAR APPLICATIONS PROGRAMS

RUNNING
- 80F THEM ARE 18IS ROUTINES (NEED -30 1B!S ACUTINES
IN TOTAL) ‘
- CURRENT CAPABILITIES:
+ CAN READ RADAR IMAGE DATA INTO THE VICAR
FORMAT
+ CANSETUP - MAGE FILES (RASTER)
- GRAPHICSFLES  (VECTOR)
- VFRALES (TABULAR)

PERFORM IMAGE ROTATION, STRETCHING

IMAGE RUBBER-SHEETING (FOR REGISTRATION)

ORAW POLYGONS ON DISPLAY AND CONVERT TO

IMAGE FILES

FILL POLYGONS WITH DATA ATTRIBUTES

JBRu

GEOGRAPHIC WHFORMATION SYSTEM

4BU

- 18IS GEOGRAPHIC INFORMATION SYSTEM

DELIVERABLES:

Case Study i: ReporvJoumsi Psper
Case Study it: ReporvJournat Paper
S/W Description Documant

User's Guide

« OVERLAYING POLYGONS OH RADAR IMAGE

- HILLIG POLYGONS vATII DATA ATTHIBUTES

L
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GEQGAAPHIC INFORMATION SYSTEM

+ DATA PREPARATION

» CASE STUDY I: BONANZA CREEK EXP.TAL FOREST, AK

« 2SEASATIMAGES

* 2SPOTIMAGES

« 10 AIRSAR FRAMES { == 50 IMAGES)

« 1 DIGITAL ELEVATION MGDEL (USGS)

+ GROUND TRUTH

« AERIAL PHOTOS

SURVEY DATA

« FURTHER AIRSAR DATA (3/91), GROUND TRUTH
DATA ANO ERS-1 SAR DATA WILL 88 RECEIVED IN

NEAR FUTURE

+ CASE STUDY Il: BELIZE RAIN FOREST

+ $AIASAR FRAMES ( ans 45 IMAGES)

« AVIRIS OATA

« SOME GROUNO TRUTH DATA

ABRU

GEQGRAPHIC INFORMATION SYSTEM

- UCSB RADAR MQOEL

« UCSB RADAR MCODEL(S) ARE INSTALLED ON THE SPARCS

STATION AT JPL

« MODELS WERE DEVELOPED FOR STUDIES OF MT. SHASTA

FORESTS

- CURRENT EFFORTS ARE FOCUSSED ON:

« ENSURING THAT THE CONTINUCUS AND OISCRETE
FOREST CANCPY MODELS AGREE IN THE LIMIT

« ADAPTING THE MODEL FOR THE TYPE OF TREES

FOUND IN ALASKA

« GENERATING SIMULATED RADAR MEASUREMENTS
FROM BONANZA CREEX GROUND TRUTH DATA

« SIMULATED RADAR MEASUREMENTS FROM THE MODEL
WILL BE USED TO FILL POLYGONS IN THE GIS TO

GENERATE SIMULATED

IMAGES

ORIGINAL PAQE IS

OF POOR QUALITY

ABU

GREOGRAPHIC INFORMATION SYSTEM

« UCS8 RADAR MOOEL - BACXSCATTER COMPONENTS

D-71
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GECGRAPHIC INFORMATICN SYSTEM . .
+ CLASSIFICATION ALGORITHMS (FOR RADAR BATA)
< FIRST STEP 13 THE REDUCTION OF POLARIMETRIC RADAR
IMAGE DATA TO FIVE BASIC QUANTITIES FOR EACH
FREQUENCY (HH, HV, YV, ARGHHVV™) ANQ {HHVV*])
« THIS GIVES 13 'CHANNELS' FOR EACH RADAR IMAGE SET

« THEN USE LINEAR DISCRIMINANT ANALYSIS TO COME UP
WITH A SUPERVISED CLASSIFICATION OF THE IMAGE

+ APPROACH WAS TESTED ON AN AIRSAR IMAGE OF AN

AGRICULTURAL TEST SITE IN THE NETHERLANOS WITH 13
OIFFERENT CLASSES OF TARGET

48U

GEOGRAPHIC INFORMATION SYSTEM

- POLTOOL SW:

ABU

GECGRAPHIC INFORMATION S'YSTENM

- VISUALIZATION S/W AND ANALYSIS TOOLS

« PVWAVE I3 INSTALLED ON THE SPARCS STATION
(GRAPHICS, RGB, PERSPECTIVES, ETC.)
- NO VF WITH VICAR YET

« POLTOOL 3/W - FOR POLARIMETRIC RADAR DATA
ANALYS!S HAS BEEN INSTALLED. ALLOWS PLOTS OF
POLARIZATION SIGNATURES, SYNTHESIZED IMAGES OF
ARBITRARY POLARZATIONS
- NO VE WITH VICAR YET

+ 'UGHT TABLE' /W DEVELOPED BY VEXCEL - ALLOWS
USER TO ‘ROAM" THROUGH LARGE IMAGES USING MOUSE
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PRINCIPAL INVESTIGATORS PRESENTATIONS

 SAVS
A SPACE DATA ANALYSIS
AND VISUALIZATION SYSTEM

Edward Szuszczewicz/P.1

SAIC

Laboratory for Atmospheric and Space Science
McLean, VA

(703) 734-5516

Charles C. Goodrich/Co.l.
Alan Mankofsky/Co.I.

_/
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A SPAGE DATA ABALTSIS
Ao
VISWALZATION SYSTEN

Presenléd by
E. P. Szuszczewlcz

Laboralory for Atmospherlc and Space Sclence
sclence Applications Internatlonal Corporation

Mclean, VA
Aprplitad lntonmaiien Systoms Workishep
July 22-23, 1991

k E“ = Alme hol«l.:.l'n““" .0 lsluuu/
panddl - u::un. Vuulnl:. ez

f GONTAIBUTING ORGANZATIONS \

—

SAIC
Laboratory for
Atmospherlc and
L Space Sclence

STARDENT
Compuler Inc.

UNIVERSITY OF MD
Department of Physics

and Astronomy
K ;mlE—? tos Almnphotl.::::dh;;nu Sclences /

Melesn, Viginls 1102

P ataintand

Co Prcod busrgua

€ Geconn tyww MO

AV loawicsl gt
————————

——d

s Il ) E~5 e I
k ST o s o

Mclesn, Vhginls 22102

- St Vs mpry

/
~

(SAVS : A DATA ACQUISITION, MANIPULATION, ANALYSIS}

AND VISUALIZATION SYSTEM

MAJOR COMPONENTS:
INNOVATIVE VISUALIZATION SOFTWARE (AVS)
_ADVANCED DATABASE TECHNIQUES (DAVID)

SET OF MATHEMATICAL, STATISTICAL. ANALYTICAL
AND IMAGE PROCESSING TOOLS

STRONGLY DEVELOPED SENSE OF THE SCIENTIFIC
REQUIREMENTS

\ T o nimsapn s s seunce /

Mclesn, Virginls 22102

P ianand



Teld SAVS Fools:

Wiy snwhl-dlastpiivary dulvbudea gualgirivd to
wiribsralsved Mies wuwirseallpul walultewaldpa W dles
sollarbanns stital oyalen, wnd thul? wrapolittons Ru

withot plivesitury bodlss

EXISTING

Interplanetary Medlum,
NASA PLATFORMS

Mear-Earth Magnetosphere

a The Sun, Interplanelry Medlum,
Outer and Inner Magnelosphere
The Global lonosphere,
k ‘ Thermosphere

SN 1o smsuproie sod-tpacs sstsnces /

o S e Comure Mslean, Viiginls 32102

Tivi wiolon: This vislon Includes a comprehensive attempt
to understand the flow of energy into and through the
geospace environment, with the goal that “quantitative study
of tha geospace anvironment, created by the Interplay of
solar and terrastrlal processes, will ba progressing toward 8
{ull-scale predictive stage® [Irom OSS *sStrategy Document
(1989)}

e RO YA GONING @

ey

WA MASA Yt

losspluivraniluliteons Coordlnated multl-spacecrait mlsslons
{e.g. ISTP) lo callect “In sllu” plasma and {leld measurements
throughoul the magnetosphere, the lonosphere and the
Interplanatary medium.

Requlres Imaging of the thermosphare, the tonosphere
and the Sun, and coordinaled ground-based magnetometer,
fonosonds, radar, and photlometric observations

Requlres Interactive database handling and visuallzation

k and analysis techniques
P ¥ Labaistely /
;m’c' tot Atmasphetls and Bpace Scisnces

Malssn, Visginls me2

oo o amd
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ur- 0 R-10.0 Q-6
el e B S ot
Increased lacus on large-gouls sysieim phaiormuna . 1200 e 180 §2.9 ata €6.7 atat
~ i o atldntght . rovn
“ 1
The ¢roga-diauipliiary watues of many investigations u
3
(Mgt daty eutes and projections of tnersuawil
velues of dala =
Enlvbiesd insasursisnt cpabilittes (need for

cross-correlation of global Images with “In situ” and “
ground-based observations)

x*

increasing number of largs-seats 3-D nunerioul sodss
avallable as analytical tools for data synthesls and

1

interpretation s ; ; .
K : - Laberalesy ) L ua“n n's .' w0 o's . :‘: a:'f 10°C 1;.
E‘IE les Almaspheils snd Bpsce Sclances 18.0 att 0.00 alt 6.00 ste 15:2.0 .n:: I3

MeLean, Virginla 12102 -66.2 alat ~62.9 alot “66.7 atat  -71.5 alot

A agtnge st Comepuary

315.0 atg 75.00 aly 165.0 alg  255.0 alg

ac-uce
. PR Yo
times e vt abe b o,
¥

ANEEREAREERAACTBING EEIENTI AT

Interactlve data analysis and graphlcs environment

1=

* 1T = 10)retl amen) 19 0 WRes Jpuats pRavsuhe sy) JUURp Srugsumbesn
SWITN B p EPmOp Mg D26 prurepas o W SR SEEEI? *31 emBig

2 91 asmdy g
!
J

Ablllty to cross disciplinary boundarlas wlth ease and
understanding

g 00 bt s

sad

Abilily to “compress” data Inlo a visually-organized form
optimized lor analysis and Interpretatlon

Easy-to-use mathamalical siatlstical and Image processing
tools

Tools to oblaln dala sels from remole archives

ABOST “Y> 12 aswsey 49 o “ameny L po b)) Syep

s SOVIL/YYON Sy prvwrasres m pussed M-TVIONDS M0 Ay Pntmwd ou

2

vl WM v Mnad

Access to emplrical and numerlcal model resulls to
correlate with the dala and sssisl In data anlysis and
Interpratation

An Intagrated user-lrlendly system they can atford
k N=y:¥/K Labetsiory )
51’: fos Almospheils snd Gpace Sclences

Mclesn, Virglnis 23102

Lo 1]
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g
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&
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AVS IS DESIGNED FOR A

DISTRIBUTED N

SYSTEMS

_.REAL-TIME PAN AND Z00M
..FLIPBOOK ANIMATION
POINT IMAGES
IMAGE FILTEEIS INCLUDE:

BALANCING, DATA RESIZING

ETC.

ot

ETWORK

ENVIRONMENT...SINGLE SYSTEM OR A NETWORK OF

COMPLETE IMAGE DISPLAY CAPABIlbﬂ'IES:
..AOTATION AND TRANSFORMATION
""SUPPORT FOR 8-8IT, 24-BIT AND FLOATING

OOK-UP TABLE OPERATIONS
(PSEUDO-COLORING. HISTOGRAM

IHTERPOLATION, CROPPING AND SAMPLING)
PROVIDES A VARIETY OF TOOLS FOR RENDERING

VOLUME DATA; A REAL-TIME 1SO-SURFACE GENERATOR;
taborstely

m‘—- to¢ Almsapheils snd Spece Bclences
. Mclesa, Visgints 32102

~

\ ENVIRONMENTS

r PO TECVED CAPABIINES )

Visuwullzutiens 1+, 2- AND 3-DIMENSIONAL DISPLAYS,
ALONG WITH ANIMATION, COMPRESSION, WARPING AND
SLICING :

Avulythoal Toolas GENERIC MATHEMATICAL AND
STATISTICAL TECHNIQUES ALOHG WITH THE ABILITY TO
USE LARGE-SCALE MODELS FOR INTERACTIVE
INTERPRETATION OF LARGE-VOLUME DATA SETS

Plitterunss IMPLEMENTED ON SUN AND DEC UNIX
WORKSTATIONS AND ON THE STARDENT GRAPHICS
SUPERCOMPUTER

Wamedite sllon: SOLAR, HELIOSPHERIC,
MAGNETOSPHERIC, 1ONOSPHERIC AND THERMOSPHERIC
PHYSICS, WITH EXTENSIONS 70 A BROADER RANGE OF
PLANETARY, INTERPLANETARY AND ASTROPHYSICAL

FAIE Atmossheste. snd 8pace Scianaes

an bagrren et oo Mclasn, Viiginls 102

D

( o AT AT RS A gl 18 (W
A
8T EoE TR Y ks A WY e

Start customization of the AVS Interface

Address the porting Issues

Support locally-resident NASA data sets
Begin remote data handling capablillies

Implement relevant large-scale numerlcal models

\ Y[ QOP oy M

Mclesn, Viiainls 22102

" .o mrw

Adapt AVS to NASA applicatlons of 1-, 2-, and 3-D displays

implement baslc mathematical and stallstical functions

Y
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PRINCIPAL INVESTIGATORS PRESENTATIONS

A PLANETARY VERSION OF PC-McIDAS

Sanjay S. Limaye/P.1.

Univ. of Wisconsin-Madison
Madison, W1

(608) 262-9541

Mike Martin/Co.L
R. S. Saunders/Co.1L
L. A. Sromovsky/Co.I.

=

_/
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A l’lzmclauy Version of PC-McIDAS
Applied Information Syslcms Workshop
July 2224, 1994, Boulder, Calosado

Sunjay S. Limaye (VUW-Madisun), Principal lnvcsurulm
AL Stomavsky (UW-Madison), R.S. Saunders (JPL), Mike Martin (JP1L), Ca-
lavestigators

. WHAT 15 PC-MCIDAST
© A COMPACT SYSTEM FOR ANALYSIS OF ATHOSPHERIC INAGING DATA

° WHY A PLAKCIARY VERSIOND

- InE WAIUAE AND YOLUME OF THE PLANETARY DATA AND UNIQUEMESS
haut

= UNIR AKD 05/2 VEASIONS

WHEND
- UNEX CFFORT UNDERMAY. PROGRESS OW 05/2

wiol
= INITIAL DEVELOPHENT AT SSEC. TESTING AT JPL FOR MAGELLAN APPLICATIONS
. FUTURE:  COULD SUPPORT MARS OASERVER AKD CASSINE MISSIONS

we

Lomaw - 4

G3id s LON XNV 3D9¥d SNICRIIUd

McIDAS and PC-McIDAS - 1

AN COMPUIER [NTEMACEIVE QATA ACCESS SYSIEM

AN ANALYSES 100L FOR IRTEGAATION OF MEAENER OAFA FROM SACELLITES AND CONVENTIONAL SOURCES.
HAKOWARE ANO SOFIMARE CONPONENTS DEVELOPED AT SPACE SCIENCE ANO ENGINEERING CENTER (3SEC)
INSTALLED GROSALLY IN OPERATIONAL EnVIROAMENTS. EFFORD DEGAN In EAALY 1976°3

. UARNIS OAJACRAF) 6024/5 VERSION
JBY 5b memory, 45 Md Periphera) DIsk 3lorige

(@} ®) ; auon:no bpl tape urive
user image display termingls
“ a used during Masiner 10 Veaus Fiy-by
W 0 © WARRIS /6 NEIVORK VERSION
0= Datadise Managers nd & Applications Compuiers
o 768 Kb core mesory on @
1 GL peripheral storage on “HMUM® and “DAD"
~ - 150 Md periphersl $20rage on each “sun” or “daughter®
2 Bu2/1600 tapa arlves
o L 16716250 tape drive
-U 2% .- dlsplay veralnals oa e .vcal as well as Resote)
g *s - us - durleg the Yoyeger Fiy-dys of Jupiter 2ad Silurm
Q . 180 WYS ¢ 0K
: m Vir Hemary, 32 MU real meas -, .. 36 perlpheral sterage
DR 2Un2S0 o drives
1 a 20 'uge taps drtres
K% tommunication support
“ 23 “ee terminals gluNII‘
feat © vsil during Yranus and Neotuers eegrt erctvatees

g5} - e

McIDAS Warkstations

. INJEL 8085 based “dumd”™ termimsls
- uied on tha Marris versions
- Analog disk aag ¢lgltal rim display memory

. HcIDAS MS-00S Varsfon - (lrst “saart® termimsl
- Dual mode eperation~ tacsl made aad Mast Mode
< Pigital Image display memory

mm 05/2 version - first ultllulln faplementation
= EGA/¥GA port for local display

~ used during the lonqcr Reptune Oncouater

- portabie for ffeld work

Nide Wore Mork u:n
]

(v} support
Bisplay Mesary

mry

video suppert

MCIDAS-ALX varslea = A-Mindows suppert

Qunne - )

McIDAS Hacdwase Developed a) SSEC

SATELLETE DATA INGESTORS
WIOE WORK WORKSTATEON
DIGITAL CASSENFE ARCHIVE FOR GOES BAIA

Real Time Data Available on McIDAS

GOES sstallite images 24 hours/day
METEOSAT visidle snd infrared !wages

MOAA-10 polar arbiler AVNRR ar  ~;P data (MIRS, SSN)
YOAA-1t colar orbite: AVHRE ¢ © cats (NIRS, $5M}
Gns latreced Tuti clan tmage: 1@ ~esalutlon
Tavsures  Cuir suamar!es

Sl gm0 C 1220

irteray. ors Vaglosorde Nt "

€ty wgaans

279 fJME aumerita’ mott t T terecast eroital.
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Archived Data available on MciDAS

PLANETARY PCMCIDAS |

Continuuus GOES Jegital imagery date yoing back 1o 1977, some to 1904
Meraner 10 images of Veaus

Voyager 1§ and 2 images of Jupiter, Saturn (Digital fapes)

Vuyeger 2 1miges of Urasus aad Neptune (Bigatal Tspas)

MANY DUFFERENT KINOS OF OAIA AND SPACECRAFE ORRIIS

NATURE OF AMALYSES DIFFERENT FROM OPERATIONAL WEATUER SALELLIVE DAIA
QIFFERENT RESEARCH GOALS AKD OISCIPLINES

¢ NI A SOLUTION FOR ALL PLANETARY QARA ¢

BULLD ON JHE CORE MCIDAS APPLICATIONS AND UIILITLES

DIFFERENCES BETWEEM MCIDAS AND QIMER SINILAR SYSVEWS

we

Qunme - 7

I McIDAS Installed Base

ENHANCEMENTS/MODIFICATIONS . J

MAINERANE FACELEBIES INSTALLED AT:
. NASAZUSAF faciibtias (AFGAL, KSC, JSC, NSFC, VAB) for shuttle eperstioas
. MOAA (KHC, NSSFC, wuB)
. Private Companies (Federsl Eapress, WIVI)
* . Usiversilies (FSU, UC-Chico)
*  Mesther Services fociiities in Spatn, Ching, Australia, EUMEISAD

AEMOVE WORKSTIATIONS
SUNY-Albany
W-Milesukes

UNTUAIA PC-MCIDAS at & 100 atmaspharic science departments at colleges and

universilles

SAIDGE 1O SPICELIS XERNELS FOR PLANETARY WAVIGAJION

OIRECY SUPPOAT OF CD-ROM DATABASE

INPROYED PROGRAN PROOUCT DERLVAFION AEPOATING

NEN APPLICATIONS FOR GEOLOGIC OATA ANALYSIS FROW PLAXETARY IMAGES
MHTICOLOR CONPOSEIES AND ANIMATEONS

DOCUMINTATION OF PLANCTARY PROGRAMS/ALGORITHHS

usER Guing

Qonne 8
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COMPARISON OF MCIDAS AND VICAR

OIFFERENT OPERATING ENVIRONMENIS

HULEITASKING VS, SUNGLE APPLICATION WOOE

HULSIFRANE ¥S. SINGLE FRANE OISPLAY

DIFFERENCES 18 MANOLING OF USER FILES (MATIVE OPERATING SYSVEW ¥S. MCIDAS
OPERADING ENVIROMENE)

USER APPLICATIONS TYPRCALLY SUILT MODULAR RATHER THAN HONOLITHIC
USER PROCRAMHABLE CMAIXING OF OPERATIONS {"MACROS®)

USER APPLICATION “PROFILENG® FOR APPLICATION PAOGRAM Y1NPUIS
DIFFERENT SYSTEM ARCKIVECTURE PNILOSOPMIES

SINPLIFLED FILE STAUCTURE (LM* FILES)

GRIDOED BATA STRUCTURE (“GAID" FILES)

SCHEMA DATA STRUCTURE (“M0° FILES)

UNIFIED IMAGE DATA RAVIGATION ACCESS

1

Limeys - #
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N93-29237

PRINCIPAL INVESTIGATORS PRESENTATIONS

INTERACTIVE INTERFACE TO NCAR GRAPHICS

Robert Lackman, P.1.
NCAR

Boulder, CO

(303) 497-1224

PREGEDING PAGE BLANK NOT FILMED D-82
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Interactive Interface
fo

NCAR Graphics

Bob Lackman
Sclentific Visualization Group

HNCAR Scienuic C Division
Ecd- e

( ' NCAR Graphics Current State

* Features
+ Componenits

e laterface

HCAR Soeniic Compuung Division
EC Supercompiing + Commum song + Daa

-~

NCAR Graphics Features

« Standards conforming

- ANSI C and FORTRAN 77
- GKS and CGM

* Portable
- UNIX and VMS
« Scientifically oriented

« International distsibutlon

~ University, government, and industry
~ Since 1971
~ Approximately 1500 sites

+ Evolving
- UNIX Version 3.1.1

/

NCAR Sclentiic Computing Division
E: Supsrconguing - Convmuaecaong - (me

NCAR Graphics Components

Test drivers for afl utilitles

Over two dozen high-levef utilities .

An Intermedlate Interface library (SPPS)

NCAR GKS-0A (Optional)

« Forlran and C iranstators (Opiional)

Miscellaneous tools and utilities

« Documentation

HCAR Sdentikc Compuhng Divison
EE BLPeTImpiey  Commuse sinns - Das
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NCAR Graphics Utilities

« Contauring

- Regular and irregular grids
- Various quality levels

* Maps

- Outllnes or filled
~ Ten popular transformations

NCAR M.mem
\ECd' v °

-

/

NCAR Graphics Utilities
{continued)

.

X-Y plotting

+ Surfaces and isosurfaces

+ Streamiines and velocity vectors
+ Histograms

¢ Siroked-character generators

s Others

NG ey

NCAR Graphics Programmatic Interface

User application programs i

NCAR Graphics utilitles
X-Y graphing

Conlouring

Maps R

Euc. I SPPS IllxratyL
GKS (NCAR or other)

CGM
pf SSth tamste Compang Ohinen,
5: Supercampaing « Commuaucations + Date

NCAR Graphics

NASA Proposal Enhancement

An Interactive Interface

NCAR Sciantise Computing Division
5: Supercompuarng « Convmun swons * Dug
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A Typical Application

Gaul

X Toolkit

rTul-bnsed ul I

NCAR Graphicss

HCAR Scenshc Compung Division

E:dw-w-m

Overview of NCAR Interactive

User biterface and
CDA. buerpreter

C::
|‘;.:mﬂ ®)
( .N..:.::. J—

A

HCAR Soenusc Compuhng Division

.(.ul l I. 1 g:i'i':

Siand Alone
CDL Interpretes

|

SCd Supercomputng - Comwasc song - Das

Siand Atone

Foninsa laterface
Forran
Drivers

-
(w2)
>

file

n...)

. [ &
CDL a Command Descripilon Language /

\_

Design Conalderatlons

Eanc-of-use

Portability

Enhanced functionality

Standards

Interopesability

Module compatibility with AVS, aptl, khoros, 1DS,, ...

Distribution and support

s5C

NCAR Sciennkic Compusng Dvison ,‘
Supecamrpring « Convrunic sions + 0sis
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.PROJECT SUMMARY

~

The objective of this work is to illustrate the concept of incremental access to distributed databases.
An experimental database management system, ADMS, which has been developed at the University of
Maryland, in College Park, usesv‘ VIEWCACHE, a novel database access method based on incremental
search. VIEWCACHE is 2 pointer-based access method that provides a uniform interface for accessing
distributed databases and catalogues. The compacmess of the pointer structures formed during database

browsing and the incremental access method allow the user to search and do inter-database cross-

" referencing with no actual data movement between database sites. Once the search is complete, the set of

D-88

collected pointers pointing to the desired data are dereferenced.

One of the most attractive features of VIEWCACHE is its versatlity in providing External Multi
Gateway Access 10 commercial database servers, such as INGRES, ORACLE, and SYBASE., supporting
existing and independently maintained databases. We have designed and implemented a Client-Server
Database Management System Architecture which utilizes powerful workstadons for managing inter-
database queries and cached data. The workstation environment provides the "glue” for interoperating
otherwise foreign environments. Gateway database access methods are enhanced by the incremental

techniques of VIEWCACHE for caching local subsets of useful data.

VIEWCACHE is especially suited for distributed scientific databases maintained on commercial
darabase systems. Scientist, who search such large catalogued databases, cannot write complete queries
because search is defined during browsing. Current computer and database technology allows a user only
to browse a single database at a time. It is, however, extremely useful to be able to browse and correlate
data sets from multiple data servers. During browsing, there is no need to move data from one database
to the next to compare and do cross-referencing; instead, VIEWCACHE creates a working set of pointers
to the data sets or records that are candidates for the final retrieval The working set is continuously
refined until the user finds the exact data sets he needs. Furthermore, VIEWCACHE allows the creation
of mixed breed views from several data sets and caching of them onto the users workstations. Such new

dara sets provide value added to the exiting data.

Another feature that ADMS supports is spatial search on image data sets. This capability is not

offered by commercial DBMS but it was absolutely necessary for searching for objects in a giver “view



field.” Spatal search is based on R+ress, an established access method. The indexing technique we are

planning to support, provides for very efficient search over large databases of spatial objects.

The concept of VIEWCACHE has been demonstrated with mé various traditional database bench-
marks (like the Wisconsin benchmark); we propose to investigate and develop extensions 10 ADMS 10
make our system suitable for accessing very large space daa sets. Clearly, NASA's huge numbers of dis-
tributed dara sets collected from space and ground stations cannot be supported by existing distributed
commercial distributed database systems because they require unnecessary and bulky data movements.
VIEWCACHE, on the other hand, provides an inexpensive processing without interrupting the indepen-

dence of existing and autonomous databases.

D-89
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TECHNICAL OBJECTIVES

Our objective is to illustrate the potental of the incremental access of VIEWCACHE in a real

NASA environment of distributed databases, in particular on a collection of Astrophysics databases. The

compactness of the VIEWCACHE pointer structures formed during database browsing and the incremen-

tal access method allow the user to search and do inter-database cross-referencing with no actual data

movement berween database sites. Once the search is complete, the set of collected pointers pointing 0

the desired data are cached. This will provide a uniform user interface to a large number of databases

using the VIEWCACHE concept, and the Client-Server Architecrure. We will also examine ways to

interface VIEWCACHE with the DAVID system and its library-based access methods for providing

access to Heterogeneous and Distributed Databases.

Y]

2

3)

C))

&)

In more detail, the following technical objectives will be sought during the next three years:

An extension of the physical pointer structure of VIEWCACH 1o a logical one. This will permit
VIEWCACHE to do inter-machine pointer referencing across a communication network (Local or
Wide Area Networks). Access of heterogeneous DBMSs will be done by gateway software based
on the SQL language.

Investigate features and characteristics of various Client-Server DBMS architectures and measure
their performance under a wide variety of key parameters, including speed of the storage media,
speed of the CPUs, network transfer rates.

Incorporate a spatial access methods and accordingly extend the SQL query language to include
sparial search and operators which deal with imagery databases.

Design and develop a user interface and the appropriate tools to facilitate handling and distribution
of data sets and documents. The Astrophysics environment will be the first to target this interface.

Other environments will also be investigated and appropriate tailoring of the interface will be
attempted.

Investgate ways to interface VIEWCACHE with DAVID, the Distributed Heterogeneous Database
System developed at Goddard.

Work on this projects has already started on the items 1, 2, and 3 from above. We have been experi-

menting with Oracle DBMS on the subject of logical pointers. We have also developed simulation

-3.



packages for evaluating alternatve Client-Server Architectures for DBMSs. Experiments are currentdy

being contucted with very large simulation runs.

4. D-91
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STATUS REPORT

SPATIAL ANALYSIS AND MODELING SYSTEM (SAMS)

P.I. Charles Vermillion, GSFC, Code $70.1

Co.I. - Fran Stetina, GSFC, Code 970.1

Paul Chan, Science Systems & Applications, Inc.
John Hill, Houston Advanced Research Center -

The objective of this project is to develop a uniform
environmental data gathering and distribution system to support
a) emergency management for environmental disasters, and b) the
calibration and validation of remotely sensed data. Initial -
activities will be to select a data test site and to demonstrate
multi-discipline applications using simulated or satellite data
in a non real-time mode. ’

The investigators have arranged collaboration with the CERL
Laioratory of the Corps of Engineer (COE) in integrating *its }
Geographic Information System (GIS), the Geographic Resources g
Analysis Support System (GRASS), into SAMS. CERL will also
provide hydrological models (HEC-I and II) to be integrated into
SAMS. The collaboration with the Federal Emergency Management
Agency (FEMA) will allow this project to tap into FEMA’s
resources in GIS and emergency management tools.

We choose to use rainfall and flooding as the testbeds for [
the SAMS concept because of the abundance of data and the
availability of models. We will integrate into SAMS (in a UNIX,
GRASS and X-Windows environment) capability to display and
process GOES data and analyze GOES generated rain-rate maps.
GRASS is compatible with the majority of the data to be input to
the selected hydrolecgic model (i.e. topography, land-use, soils,
rainfall, stream gauge, etc.). The choice of the data test site —
has been narrowed down to West Virginia or Galveston, Tx, based
on the availability of test data.

The expected results in six months are:
a) Design concept of SAMS,
b) Demonstration of a pilot module, and
c) Project implementation plan based on the pilot demonstration. .r
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INTRODUCTION TO CADET

Center for Advanced Data
Evaluatlon Technology

Cathy Schulbach /c Fogetriens

7125191
'“ASA Information Sclences
Amos Rasanrch Contor CADET g::l;l:::;-u Fre

a2 ")
OUTLINE

= INTRODUCTION

« GOAL

CADET OVERVIEW
OBJECTIVES
APPROACH

KEY CADEY FOCUS
FUTURE MILESTONES

&IEQ‘:Z'\" i CADET l(;\ll;r’r‘u:‘uon Sclaucu/

cHY 13 g2

/ TECHNOLOGY PROBLEM \

approx. 1 % of EOS sensor data
can be transmitted

M\g\ informalion Sclences
e eme CADET S )
( HUMAN PROBLEM
H DATA COLLECTION
DATA UNDERSTANDING
m. o CADET él:l‘ol"v‘::‘llon Sclancay
ST P
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IMPLICATIONS

+ The "BRUTE FORCE"melhod ol trying 1o collect, save, and
analyze “everylhing™ Is intractable and may nol produce
the best aclence.

. Smarter and more automated approaches are required.

Amet Raseorch Conter CADET ;-'I:I:-lr:nuon Sclences
(-3 Iy

g T

+ DEVELOP AND DEMONSTRATE IMPRQVED METHODS OF
HANDLING LARGE SCIENTIFIC DATA FLOWS RESULTINGQ
FAOM CURAENT AND PLANNED NASA MISSIONS.

( CADET

Baslc

Sclance
Objectives
NASA | USGS | DOE

- Dsia Modeling
—-—» nd e
Feslurs :“n‘,:‘:?‘,‘;" Computstion
Capluis and
and Filteilng Visustization

NASA Data Acquisition Programs
v MTPE MFPE

Earth And Space Based Phenomena

Re HI 1A

CADET © lntormation s:....y

OBJECTIVES

. Inlcqmo existing work In neural networks, photonics,
parsliel processing, and dependsble systems.

« Develop, lest, and evaluate new concepls for
model-capturing and novelty detection mechanisms (e.g.
neural nel learning).

« Implement advanced data analysls technofogy using
advanced processors (e.g. oplical processors, IWARP,

4 )

« Real-time
« On-board
NNASA ol Scl
mermot o CADET “‘j
cHS 1331 p 8

ES-KIT).
NASA CADET Itormaion S“'"‘y
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APPROACH

+ Focus on common Eroblems of importance to major NASA
misslons (e.g. MTPE, MFPE)..

« Demonstrate technology advancements lirst with
ground-based systems and then move to on-board,
real-time platiorms.

« Caplialize on exIsling capabllities and programs: Ames
Advanced Data Systams and Soflware Test Facllity
{includes DARPA tesibad) and the High Performance
Computing and Communicatlon Program.

« Coordinate with NASA and non-NASA agencies.

NASA CADET '61'.‘.:?;‘.."""""“‘"

Ames Ressarch Conter CHE TIPS

( KEY CADET FOCUS: \

Translating Dala Into Usable Form
chunklng Iabelllng

connecling o existing

sensors —*

/

knowledga bases
-Intespolation visualization
-prediction human Interprelalion
NASA informailon Sclences
CADET Division
Ames Hosesrch Conter anieien
. <
- —

r ELEMENTS OF THE MODELLING PROCESS \

« Developing a model from data (\/\/\./\/\}V\N\/\/‘/\z\—\
numerical analysis SNV '
: Bayeslan estimation ¢ !

)
neural network learning ""V‘/\fW\ANV:V\'\

+  Applying a model : s )
sxpsctations vs. observatians--predictian
novelty detecilon--4, change
« Developing algorithms : W
mapping to computer architectures
oplimizing performance )
NASA information Sclencas
i capET  EERIT™ )/

/ FUTURE MILESTONES \

FY92

» Use the Fallure Environmant Analysis Tool (FEAT) to
model a sensor system,

« Demonstrate the uss of sensor overlays to display earth
sclence data.

« Demonstrale the ablllly of a neural network {front end lo
automatlcally capture underlyling regularitles ina
real-wotld sample of spectrographic sensor data.

FY93

« Develop parallel code implementing a novelty (Hier to
redirect a data recording device to dynamically respond 1o
changes In measured, earth sclence phenomena.

FY94

+ Valldate the above concepts on {he Ames Advanced Dala
Syslems and Soltware Tesl Facilily.

CAD ET :‘)"'v"l"ll“\,lnllun SClenf;y

Ames Resesrch Conted
L CHS TR p 12
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JPL __

Flight Projects Office
Information Systems Testbed
_(FIST)

P. Liggen

h

- Goal -

lo perform lechnology evaluation and
inololyping of inforimation syslems to
supporl SFOC and JPL llight projects in
order 1o reduce risk In the development of
operalional dala systems for such projects.

- Goal ———— E—

m FIST reduces risk by providing support lor:

» Requirements Clarification
» Design Validation
« Design Evolution

"FIST

\ts,

e

‘ T » o, 2 “ﬁ )
( ' I) NI, Iﬂlmlu‘wnlll ;% ’ ‘+!—
b * JPL 5 Secutily Sysiems
[lpmlsylllml & ) HASAR £ tuwad 8 Extesnal User Access
ey
S AW
W E- N
\ " VL‘ eTieTie @ bi,l:.l Coimede
.
Graphics Talesclance/Teleoparsilons Osta Managemant
Snoltp
Hl o
)
Users lntastace Helworks w:uks ali
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-~ Crileria E— | | B

B SYSTEM BUILDING BLOCKS

m  Applicd research and developinent using

conumercially available products and m Open Syslems Archilecture
syslems.
m Results of prototypes and evaluatlons are & Server/Client Model

ieported In the FIST Quarlerly Report and

mesented during demonstrations.
a lterative Design and Development

n FIST guidelines are provided by SFOC

compalibility requirements. & Commerclal and Public Products

Mey 10,1000

U | ] S

- Quarterly Reporls J"’%= M OPEN SYSTEMS ARCHITECTURE

m Fist Quarterly and SFOC Protolype Interim
Reports are avallable through:

FPSO Library

Mail Stop T-1607

Jet Propulsion Laboratory
4800 Oak Grove Drive m Data Format Agreement

Pasadena, Calitornla 91109

m Limited Constraints

Waell Dellned Interfaces

a Solt Serve versus Hard Freeze



- N — | | Np—
B SERVER/CLIENT MODEL - - Technology Transfer —————JPL —
s Limited and Well Delined
Interdependance Feed Forward
m | oosely Coupled '
: Prototype . ‘
m Services Provided lo Requesling Client
= Role Reversal Feed Backward
Moy 10,1991
| ] I—

m ITERATIVE DESIGN AND \
DEVELOPMENT

®  Provides Users with Early
View of System

L] Adaplive to Changing Technology
and Requiremenls
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