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Introducticn CRirine, e 4T

In iiay 1983, tne Office of University Affairs of The
tational Aeronautics and Space Administraricn ({IASA) signed a
srant astaolishing a Remote Sensing Informartion Sciences Research
Group at the University of California, Santa 3arbzra. This
document raprasents the first annual report of work conguctad
under this grant (Grant# NASA NAGVW~455), This document also
oriefly descripes the research to be concucted in the seconc year
of this effort.

Fundamental |y our research will confinue to focus on
Improving the type, quantity, and quality of information which
has to date and can bte derived from remotely sensed data. This
efzorf, as se2en in the fol lowing text, has been girected at
inTegrarting, extending, ang expanding existing remoTe sansing
research acrtivities at UCS2 in +he areas of YegeTtaticn znaiysis
eng odel ling, Georeferenced Information Systems, /lachine
Assisted Information Extraction from Image Data, ang Artificial
Intelllgence.

As the world's populaticn expands, there is an ever
Increasing need for systems and processing technigues capadbie of
acquiring, integrating, and analyzing Information concerning the
extent, use of, and changes in the major components of tns earTn's
surface. NASA is playing.an important role in the develcpment of
such capapitities, This role, howsver, requires that farsignrtag
funcamental research be airected towards the sclentific
application of technologies which can lmprove tne pase upon waign
assessments may de made of both the current and cnancging staTus

¢cf the components of The oiospnere, nycrcspnare, |ithespnere, anc

g e T T



introduction Qe
G v
atmosphera,

The program of research, documented in this annual report
which is being carried forward by personnel of the University of
Cailifornia, Santa Barbara, represents the start of what we
conslider to be a five to ten year effort. Through this work, we
have targeted fundamental! research aimed at improving our basic
understanding of the role of information systems technclogiss and
artificial Intelligence techniques in the integration,
manipulation and analysis of remotely sensed aata for global
scale studles. This coordinated research program is possible as
UCSB has a unique combination of researchers with exparience in
all these areas.

Efforts during the first year of this effort have focuseg on
the inrtegration of exisTing research activities at UCS2 andg the
Initiation and conduct of a number of reseafch activities with a
variety of MASA centers, Ve have also worked on background
assessments of research and technolfogy involved in the
establishment of a Pilot Land Data System for NASA Headquarters.

In addition we have begun a small pilot project, ouilding on
our existing work with MASA LIife Sciences and ESr?h Sciences and
Applications Divisions through the Johnson Space Center. This
pilot study is being used To test our concepts of how artificial
intel | igence assisted information pfocessing, eéxtraction, and
user Interface Technigues may be integrated to increase our
gbitity to conduct studies which lead to an lmprqved
understanding of glooal fprocesses,

As will be seen In the detailed sections to follcw,
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considerable field work has bgaen completed, in concert with
Johnson Spacecraft Center (JSC) staff, to gafﬁer the necessary
data. The development of a "test bed" processing environment
wiltl begln in thecoming year of the project, serving toboth
demonstrate the potential of these technologies and to improve
our Interactions with NASA Heacquarters and Centers personnel.

wa feel sfrong]y that such closa inferactions are essential as we
ocegin our five to fen year research program.

In addition to the NASA funded ang spons.r-ed research
discussed below, an additional topic of interest and relevance is
the agreement which UCSB has negotiared with Digital Equipment
Corp. (DEC). This agreement (see appendix A) provides that UCS3
researchers wil|l conduct joint research In the area of knowledge
casec¢ engineering for spatial data case management and use. As
part of this effort, CEC provided one hal$f the costs of a
superminicomputer system for UCSB8's use. The VAX 11/750 with a
graphics workstation and peripherals has arrived, been instal led
and Is operating. The system is dedicated to information
sciences research, Ve feal that the funding of this effort by a
principal computer science corporate entity is further
verification of the status of UCSB as a center for information
science research,

The material which follows getails ongecing work which has
been and is directly alded by this grant, Several of the
projects used This funding as a catalyst toaid other MASA
offices in the research, in the integration of remofely sensed
ang other c¢ata into an information scliences framework, The

following sections discuss the detalls of the projects dgealing

.}.,_ e o .- i
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with:

* The Conduct of Field Research to Develop a Data 3ase on
The Boreal Forests of North America;

* The conceptual design and recommendations for the
phased implementation of a Pilot Land Data System;

* Advanced Data Structures for integraticn of image and
Cartographic Data in a Geograpnic Information Systen;

* Appiying Artificial Intelligence to Large Networks;

* Review of Literature related to Global Rescurce
Information systems; and

* Knowledge Based Expert Systems for Crop identification.

In the next section, these projects are discussed in greater
detail., Ongolng anc¢ proposed activifies are ciscussea. This is
fol lowed by a brief section summarizling future ressarch
directions, This first annual progress report concludes with
four appendices containing material relevant to sections of this

progress report,
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Habitability of the Earth

Prof. D.B. Botkin and Dr. K.D. Woods

Department of Environmental Studies
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Habitability of the Earth

Progress Report: 3doreal Forest Vegetation Anaiysis,
Ely, tilanesota

Danie! 3. Botkin and Kerry D. 'loods
University of California, Santa Zarbara

l. INTRODUCTIOQN

The work accompiished during 1983 under the funds from the
MASA Cffice of University Affairs was part of a larger study
titled "Habitability of the Earth: Analysis of Key Vegetation
Factors." The general purposes of this research are () to
develop and test methods to measure land vegetation biomass, net
biological production and leaf érea index by remots sensing; and
(2) to apply these measurss to estimate the biomass and net
biologlcal productivity of selected biomes, including the boreal gkﬂwJ

forests ang north temperate grasslands. Under funds frem the

NASA Office of University Affairs field verification was

conducted in conjunction with remote sensing of pééfinenf
var?gg}g;”é;a’%Hé’déQefopﬁénf 6¥”gmag¥%”Sgéehbf‘felevanf material
Ini?iafed. Specifically, measuréméﬁ%s were made in”+he Supefior
Mationa! Forest, Hinnesota on those vegetation characteristics
which are being correlated with the following remote sensing
measurements: (a) an 8 band Barnes radiometer mounted in a
hel icopter which hovered at 400 feet above each site; (b) the
thematic mapper simuiator flown in a NASA C-130Q aircraft; (c) iiSS
data from Landsat 3; and (d) AYHRR data from the MNOAA Sateliite.
This report summarizes vegetation date coltected as fizala

verification in the Superior Mational Forest. Headguarters for

i 2search were maintained in £ winn.,, adjiece t cne
The r arch r t d Ely, n., adjacent to the

an
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Habitability of the Earth

million acre wilderness of the Boupndary Waters Cance Area. This
location was chosen because (i) within the coferminous United
States, it represents one of the best examples of boreal forests:
(2) the terrain is relatively flat, which is important in initial
tests of techniques; (3) excellent logistics were available,
including jet fuel at the Ely airport, assistance from the US
Forest Service Office, a well maintained road in a corridor
petween two sections of the Boundary Waters Cance Area where
adequate varieties of forest vegetation and stages in forect
development were available; and fhé existence of good research on
the vegetation of the region,

To review, the primary objective of this research was to
provide detailed ground truth for sites over which intensive
radiometric measurements are taken so as To permit gevelopment of
accurate calioration of remote sensors for measurement of
vegetation parameters., There are two steps in the field research
known as (1) plot measurements and (2) dimension anaiysis. The
goal is to determine the leaf area, ttiomass and past growth rate
of all trees In asample plot., In theory, thiscould be measured
by cutting down all trees in a plot and weighing and measuring
aach component. In reality, this is not feasible, expecially
within the budget limitations of our project; put it has never
been feasible in any ecological research project to our
knowledge., As aresult the two stages are used toprovide the
measures of interest. In dimension analysié, a statistically
valid sample of trees of each species are cut down, cut apart ang
weighea by categories (leaves, twigs, branches, etc.,) These

weights ara tThen related to dimensicns of The trees that can e

SAieaemd.
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ootained rapialy in the flalo including tree helizht, Tree
diameter, helgnt to the lowest anc nignhest ilving odrenchas, The
resulting statistical regression equations are then applieg 0
trees measurod for the non-destructive varjables on sampie plots,
Although these procecdures have been done fEequenf|y, weé have
exrended thaem angd improved the statistical validity of the
approach,

The intent, during 1983, was to focus efforts on stancs
dominated by two of the major species of Morth American poreal
forests ang the Superior National Forest: black spruce {(low!lang
stands) and trembling aspen., Single species were chosen bacause
these species have the broadest geographic ranges of any major
trees !n licrth America, and are major comppnenfs of the poreal!
tforest rthroughout Morth America. They were also chosen cecauss
In every aspect they represent opposite engs of a vegetation
spectrum: the spruce Is evergreen and characteristic of bogs and
other wet sites, and of coid growth forests; the aspen is
deciduous and characterisyvic of dry, upland areas and new forest
stands. |

Wa betieve It is especialiy noteworthy iIn this report to
point out the funds for the research were not availeole until
late spring 1933, anc that all planning incluging site selection
for the field research began larch 20 with the first trip ro Ety
by principal investigators. |In spite of this extreme ftinre
constraint, we Delieve that considerable progress was mace toward

the goals of the research.
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I1., SITE SELECTIOMN AND THE DEVELOPHENT OF A RAPID SELECTION
. HETHOD

Quring 1983, basic flald procsdures involved 1) selecticn of
sites (plots) for radiometric measurement covering the range of
ieaf area index and biomass seen in the region, 2) non=
destructive meaﬁuremenf of a number of simpla, bdiologicallty
neaningful dimensions on all trees in each sample plot, Including
(3) modification ¢f standard forestry techniques to meet the
neads of our research, and (4) cdestructive sampling of a number
of black spruce Qno aspen trees for dlrect measurement of the

parameters of interest (biomass and area by tree component) and

e

for development of predictive relationships oetween plot
measurements and these varisbles,

Progress outiined is of three +y;es: col lection sf field
gara; anc refinement ¢f proce;ures anag clariticarion of
questicns,

Even though planning for the project began only three aonths
before the fileld season, we have accumulated a very large and
unique &afa set speocifically designed for our project. Plot aata
have been acquired for 31 spruce ang 3! aspen sites. Plots were
chosen to represent as large arange of biomass and production as
possiple.

Initial stratitlicaticn ot these sites by bDiomass/leaf area
was based on guallitative observations by the principal
investigators, One of fthe unigue contributions of the researcn
was tne developmenTt of rapiac site selection Ttechniques using a
cooraginated team of helicopter and ground Craws. In the pasT,

site selscrtion for ecclogical resaarch nas o8en Gone dy ground

g
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crows. However, the dense follaje of the doraal foresTs made
location and selecticn of sitas on the pasis of piomass ang
proguctivity extramely slow &ng inaccurate., The pringipal
Investigators, In conjunction with NASA nelicopter giloTs gavisad
thna fol lowingmethod: two ground creus of tnree each with a car
ang two way radio vwere glirectac to sivas .. clacipa
investigators flying in tne nalicspvar, . ced Tob. R
Couid bae located rapiagty and the fasrtestT and easiest paths To the
sites determined. iloreover, the helicopter crew was able ToO
locgre sites and guide two crews simultaneousiy., ‘e believe that
this technique has broad potential for application to research
related to the study of the biospnere and Global Hapitability In

many areas of the Earth.
11, GROUND MEASUREMENMTS AODE QN HELICOPTER REMOTE SchSIUG SITES

At each site chosen for hellcopter remote sensing, a
circular plet of €0 m diameter was mapped, and within this |arger
plot five small piots were lald out. On each cf these five
plots, stangard measurements of vegetation were maage, incliuqing
the diameter, height, and height to the lowest ang highest living
pranching, These could then De correlated with the agimension
analysis data descrioea below, and estimates of niomass coula De
calculated.

Al though initial site selecticn was strictly quatitative,
oased on helicopter and ground observations, the available range
of pertinent variaoles seams To have besn well covered. As a

rasult, we expect tnar little additional plct date will bLe

n
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fequired In 1984 for the two species,.black spruce ang aspen,
studied in 1983, 1In aqddition to the spruce ang aspen data, qgarTa
were also collected for twelve jeck pine stands anc aight plots
with a mixture of two species. Jack pine measurements were taken
to determine the accuracy with which two conifers coula be
ditfferentiated by helicopter remote senslng; The mixeg stangs
were measured because most forests were composed of stands of
saveral tomany species, and it was necessary to begin to
consider the problem of mixed pixel responses for planning for
the 1984 fileld season. These additional measurements, therefcre,

shoutd facilitate design of further study involving stands of

.

these types.
1V, DIMENSION ANALYSIS

31 spruce trees and 32 aspen Trees, dlﬁ#ricufec over the
size range for these species, were cut down for detailed
dimension measurement, Initial analysis of gata from aspen trees
suggest that, although strong relationships exist between free
dimensions and isaf area, further sampling Is necessary to
develop satisfactory predictive equations, This is because 1)
variance Is large, 2) sone s5-..)lad trees may have peen atypical
due to unusual weather, and 3, lcrger sanples in some size
classas are required. e are also unsure of the biclogl;al
significance of the refationsnips seen. HNevertheless, we have
been able to use relationsnips aevelopea from the sacrificeg
frees'To make preliminary estimates of leaf area for aspen plcTs.
These wil!l be ccmpared with radiometric measuremegnts., 3iodoness

astimarts. for aspen trees and plots are expecteac de be mcre

- | -
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accuratae., Simitar analyses wil!l coumence scon on data from
sacrificed spruce trees. 'e expect tnat these will proceed mors
smoothly since both sampling and analysis Technigues have been

{mproved fthrough prior experience with aspen,
V. GENERAL COMMENTS

The resulting data set is large =-=- over 2500 pages of raw
data == ahd to our knowiedge, unparalieied in ecological
research, ‘le conducted tests on the accuracy of fileld !
measurements through repiicate sampiing and the consistency was
very high. Plot data and data on sacrifliced aspen and spruce
trees have been checked and verified, Ve sre, as discussed
below, attempting to streamiine this process for the 1984 summer's
work, Follage and bark samplés were also col lected ang forwardec
to LARS and JSC for analysis of refiective and transmittance
properties for use In canopy models, Extensive racgiometric (THS)
data were collected; all sampled sites were measured at least
once and many several! times,

e began the flield seascon in 1983 with untested field
procedures and g prlori assumptions about Important
variables and relationships, and discovery of previously
unsuspected, but important, problems and needs. Plot sampling
time has been roughly haived; a four person crew (&§-10 workers)
was able to destructively sample cone to two trees per Jday, odut
this rate increased to three ftrees per day by summer®s end. At
the same time as rates of data collection increased, accuracy and

replicability was improved. We believe that, with nw ifncrease in
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nunber of parsonnal, w3y can In:rgase Tac aunount of cate collectsc
next yasar by 50-10C, without ltoss of accuracy or relicoliity,
}
AT The same tinc, various preslcug aross To unich wa are
currently addruessing our sfforts. |t bacaine appersnt carly in
the sunmer that transfer of data from The flefa To Housten ana
'
its entry Into the computer cata base anc proof=reading was a ;
major bottleneck. For the coming fiz2lg ssason, we are Geveloping
procodures for entering data on majnetic megia in Ely, with .
11
’ immedlate proof-reading. Data may then de sent to Houston for i
direct entry., Sy this means ths intarval veTwaen data collectlion :
5
ang baeginning of analysis should te¢ cecrcasess Sy several months, :
:
n analyses o ata sugges ha re ackground s
’ initial ly f 1963 agat ggest that forest "packgroundg" ‘
(understory plants, shrubs, ground surface, atc.) Is laperfent In
cetarzining plor reflactance. We will c&sizn next sunuer's S
[ ] gfforts To cotter g3cress vais srodlem. i
|
’
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Danlel B, Botkin & Kerry D, loods
University of California, Santa darcara

The proposed activities for The 1584 field ssason ara
designed to provide additvional data needed for field verification
tor remote sensing of vegetation biomass, net procuction and leaf
area. The justificatlons for this research are given in our
originai proposal, and will not be repeated here. Specifically,
the proposed research is to continue to providse the ftisld
measurements to adequately describe the biomass, leaf area, ang
productivity for a data base on the boreal forests of lorth
America, In 1984 we plan to continue work in the Superior
National Forest of northeastern Minnescta and to explore possible
field slites for work in the following years, The fist Is based
on our understanding of the composition and dynamics of these
forests, experiences of las7t year, and initial analyses of lasT
season's data. As analysis proceeds or additional objectives are
considered, this list may change. Fleld work will be conducted
by a crew of 10, active for 3 months in the Ely area.

1. Ve expect to supplement last year's data for spruce and
aspen in order to strengthen sfaffsfical concfusions and study
year-to=-year variability, We will cut-down additional (perhaps
10=-15) aspen trees In order to improve statistical predlictors of
biomass and leaf area and determine the extent of year=to=-year
varlabillity of leaf area Iin a declduous specias., e are less
likely to need further analysis of lcwlana black spruce, cut we
may éample some trees of uplana bl ack spruce to see if
relationships developed for lowland trees apply. e do not

expect to sample adcitional plcts in aspen cr black sgruce

1§
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stands, tut we may resample a small number of fﬁose sanpled last
year to tast replicability.
2. A primary objective Is anlargement of our database to
include addiftional species important in the Ely area and boreal
forests in general. To this end we sampied 12 jack pine plo%s In .
1983, Ve wllf expang the data set for jack pine and col lect
dimensional and biomass/leaf area data for sacrificed trees.
‘Other important species which may be sampled this summer are
paper birch and balsam fir. For each species we would locate 20~

30 sample plots and sacrifice a similar numoer of trees.

PR

3. Since significant arsas are occupied by mixtures of : H
speclies, we must develop technicues for estimation of bicmass and
leaf area of mixed stands. Last year, we samplied & plots of
mixed jack pine and trembling aspen. Thils year we will sample
additiona! pltots of this andiperhéps other speciss mixtures. e
will use measurements from these plots with radiometric data to ;
study the contributlion to the spectral signature of each species
in mixed stands,

4, Slnce an eventual goal is extension of procedures and
relationships developed to the entire range of boreal forests, we
must test them in other areas. A first step In such testing
might be sampling of a smai! number of sites in another portion
of the Superior Mational Forest (about 100 km from Etyl.
Retationships between vegetation parameters ang radiometric
measurements developed for the Ely region coulid be tested for
this region,

5. The next geog¢raphical extension of the study (curling

future field seasons) should be to perts of the !lorth American

10 '
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boreal forest as remote as possibie from Eiy., We are looking
Into possible sites in Maine, Queoec, Alberta, and Al aska.
Quring the summer of 1984 two primary investigators (Botkin and
Woods) will make reconaissance trips to two of these areas to
make local contacts, inspect facilities, and evaluate vegetation,
Such preliminary work will be very valuabie for advance planning
which should alleviate some of the procedural groblems
experienced In 1983,

6. Throughout the summer we will be testing and, when
appropriate, laplementing improvements In sampling and measuring

technique, measuremant of "background" vegetation, and transfer
1 .

B

and verification of data.

Qur goals for the end of 1984 are (1) complete field work in
the Superior National Forest site; (2) develop statistically
valid methods to estimate biomass, biological production anc leaf
area for spruce and aspen and one or two additional species; (3)
obtaln an initial understanding of the mixed pixel problem for
forest vegetation; (4) determine the accuracy with which several

specias with simiiar reflectance characteristics (black spruce (jg&ﬁﬁ A

S e ﬁHv.
ofr Bulht
sensing and biomass, net production, and leaf area measured. Lo wéet ~:'r~
Mﬁﬁﬁwﬁf“ﬂs/' £J
Chohik m ¢

and Jack pine; aspen and birch;) can be disfinguished by remote

This Is a somewhat heavier work=-locad than that of last year,
However, our 1983 fileld experience persuades us that, given some
prior training of crew (several of the fieid crew will ce
veterans of last summer), improved procedures, anc¢ pbetter
understanding of system and oojectives, this load coes nor

represent unrealistic expectaticns. The work outtiined will

i
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provide a database, in conjunction with last year's, cf
unprecedented completeness fcr an entire vegetational system.
ilith callbrated remote sensing data the opportunities for
detailed and accurate analysis of ecosystem status and function

will be hlghiy unigue and extremely valuable,
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NASA Pilot Land Data System

Prof. J.E. Estes, Dr. J.L. Star, Ms. J. Franklin

Remote Sensing Research Unit, Department of Geography
University of California, Santa Barbara
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HASA Pilor Land Data System

Or. J.,E. Estes, Yorking Group Chairinan
Or, J.L. Star, Working Group Development Encinger
s, Janet Franklin, Graduate Stucgent
University of California, Santa Zarbara
Under the sponsorship of HNASA Information Sciences and

University Affairs offices, the University Space Research
Association directed a series of workshops intended to devaelop
the concept and plan for a Pilot Land Data System (PLDS). ‘hen
implemented, The PLDS will be the functional equivalent of the

existing MASA Pilot Ocean Data System and Planetary Data Pilot.

These Data base management and delivery systems are in varying

e

stages of implementation, PLDOS is being developed to serve the
same functiona! needs for the land-related research comnmunity.
embers of the PLDS working groupg incluce rezresentatives
from MASA Headguarters, the MASA cenre}, uﬁivsrsifies already
working with NASA, as well as representatives from industry and
the U.S. Geologic Survey. Science and technical subgroups met
several ftimes since summer 1983, UCSB personnel with ivportant
roles in PLDS planning activities are Cr. John E., Estes, Or,
Jeffrey L. Star, and Ms. Janet Franklin. DOr, Estes is PLDS study
leader and chairman of the science working group. Dr. Ster is
working with the technology working group, Ms., Franklin, Uese
graduate student, is employed by USRA as project coorainarcr for
this effort. She has spent the time since September 1683 in
WYashington at the USRA offices. Ofther UCS3 steaff and stugents
have contributed to the planning effort as well., The final
meeting of the PLOS Working group was held in The Winter of 1524

at 'NASA Ames Research (Center tTo pbring this pnase of the work 7¢c a

FJ
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conclusion and¢ begin editing @ final report. Dr. Caldwell iicCoy
and Shelby Tilford along with other NASA Headguarters personnel
were criefed on Tne results of the Working Group's deliberations
in early Spring 1984. The report of the Working Group was
published as HASA Technical lemorandum 386250: "The PiloT Land
Data System: Report of the Program Planning Workshops in July
1984, A copy of the report is attached.

The purpose of the PLDS is +o improve the ability of NASA
and NASA-sponsored researchers to conduct land research, Dy
developing a minimum but representative set of data archnive,
management, and processing capabilities, These capabilities will
be designed to satisy a majority of the information systems needs
of NASA-sponsored land research community (including researchers
insice and outside NASA), and shoul¢ serve 2s & proff-cf-concep?t
demonstration to provide a basis for future system expansion and
cevelopment,

Principal guidelines for PLDS develcpment jinclude:

* Coordination with appropriate science users during design
and. Implementation is vital.

* Discipline scientists must specify their requirements,
and the information scientists must then base their designs on
these needs. ‘

¥ System design and implementaticn must poe phased anc
modular.

* Data bases are most viable when maintained py researchers
with a long-term coamitment to use of the data.

The FY84 goal 1Is to establish the concept and a preliminary
program ptltan, MASA Tech iiemorancdum 86250 and subseguent meefings
between MNASA Center and Headquarters personnel are continuing to

proguce excelient progress tcowards this goal. Principal
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development activiTias are expected to vegin in FYE3, «ith piloT
demonstratrion complevteg Iin thrae to five years, DJevelopment s
To oe in response TO science requirements,

The scientistTs involved in the PLDS cevelopment nave tTaken
primary responsibility for specitying requirements, This Task
jegan with gevalopment of 3 serias of cperarional sciance
scenarios. The scienca sconarios developed fto dJdats incluce:

* Vegetation 3iomass and Proguctivity
detkin (UCSB)

* Teoerrestrial Ecosystems andg Producrivity
3rass at, al. (NASA/Ames)

* Land Surface Climatology
Price, Midateton (NASA/Goddard)

* Large Area Lanccover Magping
Estas, Franktin (UCS$3)

il Zrcsicn ang Hygorcologicai “odeling
Regea (UM), Langran (MNASA/NSTLY

* Segimentary BSasins
Farr (JPL)

* Regicnal Mineral Rasource Assessment
Alpert (USGS)

* Menitoring Environmental Change
Alpert (USGS3)

These scenarios nhave been analyzed to determine cata sources,
processing capapilitTies ang throuchput neaeds, ang information
cutput proaucts, tO evaluate the overall rzgquirements of tne
PLDS. The scenario approach has oeen taken TO 2a aole tc focus
on specific tasks tha scientists would like T perfcrm, andg then
step back ang consicer tThe generic functions ang structure of a
siter implamentation, 3y salecting scenarios trem a ranze of
topic areas, w2 are able To lgentify the tasic similariTies of

j&8ta 3nc angziysis raguiremants, which arg then usss T2 Srive Tneg

LS
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spacificatrtions of a minimum operational systen.

At the present time, it is envisionec thar the science
supjroup should continue in doth an operational moce, oy
exercising the system in the conduct of research, anc¢ in a review
and acvisory'role. These activities must continue curing pilorT
operation,.

The system developers will gesign and implement PLDS
hardware and software in response t¢ the scientists'
requirements, The system developers will design and implement
PLDS hargware and soffware in response to tha sciantists!
raequirements, The system developers will also provide
operationai support during the piilot demonstration period.

Configuration and technical onsideratigns incluge:

*« ZFilov Oberaficn ans Agministrarvion

* Data Management

Data Dicticnaries, Data Base lianagement, Data Access
anc Storage, Srowse Facilities

* Processing

Software Libraries, Distributed Processing, Unique
Hardware Facilities.
* Connunication
Metwork Control and Accounting, Traffic Flow,
Standards, and Possible Contigurations
* User Interface
User Requirements and Capabillities, Accounting, Local
Area !letworks, Stangargs/Guicdelines, Workstations.

lASA  Center Working group Members have met alcng with
Headguarters Personnel have net. Scenarios cealing with Land
Surface C!imatology and Sedimentary basins are peing conslcerea

for initial Pilot development Testing, CTenTer rcles in

Tachnolosy devalcpment are deing refined, anc lavels of funcing

3=
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ara being discusseg, along with the ¢cverall structure fcr the
sitot. UCSHE personnel hope to continue to assist ang perticipate
in the davelopmnent, cemcnstration &ng Impiamentaticn of PLDS by

the Information Systems Oftfice art MNASA HeadGuarters.

w
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Advanced Data Structures and Geographic Information Systems

Dr. D. Peuquet

Remote Sensing Research Unit, Department of Geography
University of California, Santa Barbara
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Advancad Data Structure and Geoqgraphic Information Systems

(%ot) AoV -9T71 2
Cr. Donna Peuqueft 0 Q. St _

4 University of Califcrnia, Santa lJarbtara

' mmq;{§¢5; Cﬁ»amf‘BmQ&
lorrodugtion = qf_‘f'

Larze Integrated sofftware systems known as Geobased or

! Geographic Information Systems (GIS) have been developed in the
past fifteen years which can perfcorm all phases of storage,
maintenance, analysis and raetrieval for jeographic qata. GIS's

! pased on shared, large-scale, integrated data bases are used fcr
a wide range of applications which deal with geographic dava for
government agencles and private corporations worldwide, They

* have alreacy become an indlspensabls ftool for managing
tiophysical, biclogical and socio-economic data In a timely and
efficient manner, However, only a ilwnited volume and range of

3 C&T& Ty»8s €3N 208 hancleg oy any ¢ne $;75%an o S N ST
present GIS ftechneclogy., Overcoming the.o. w3 pre.. .
increasing data volume and range of data types,critical for the

'} analysis cf complex environmental problems If we are to
successful |y manage our resources on lccal, regiona!, and glooal
scales [Estes, 1980].

» The purpose of this project is fto begin to examine the
current state of the art in specified arcas of GIS Technolcgy anc
to establisn a common ground for research, Stucy of tha guesticn

¢ of very large, efficlient, heterogeneous spatial databases Is
require¢ as HASA baegins to explore the porential apglication of
remotely sensec¢ data for studying the long-term nabitability of

‘the earth, In addition, neither GIS nor remote sensing
¢ technology can achieve Tneir full potential until they cre
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integrated. The research pgropcsed herein is a significant step
in this cirsction.

Recent researcn by COr. Donna Peuquet (Jepartrnent of
Geography, UCSB) has examined the tradeoffs petween raster and
vactor processing of geographic data and concluded that neither
can ever be adequate by itself for large=-scale idfegra?ed
databases. Further, the need for raster-to-vector and vector=-to-
raster convarsion processes, which represent a significant system
overhead, must be avoided whenever possible. Initial work on a
hyorid spatial data structure which incorporates characferiéfics
of both rastar and vector data structures was subsequentiy
per‘formed (Peuquet, 1983], This structure, called the VASTER
structure, represents a first step in the development Gf new
approaches To geographic data handling fot G1S to nendle
integrated databases of many ftypes of geographic cata on a glcbal
scale.

A similar point of view on the part of researchers a2t The
Mational Aeronautics and Space Administrations (ilASA) Goddard
Space Flight Center (GSFC) has resulted in the independent
development of another structure termed the Topological Grid
Structure, It is Important at this point in time to coordinate
the development of these two new types of data structures for two
reasons; 1) to determine the relé?ive performance
characrteristics of each structure for verious applications ang
opefafiona environments so that their relative merits cre known
for futurz potanvtic ~zal~-wortd GiS apptications; anc, 2) 70
orovide directlion for further researcn in this area. As such

UC33 personnel uncer +the directicn of Dr. Donna Peuguetr is

[
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engaged in a research groject with GSFC persornal which is beinyg
conducted in saveral phases esach containing a ncnoar of resgarch

tasks.

Phase | of this project (9/1/83 = 1/31/84, 514,913.00)
involved three tasks:

1) a review of spatial data structures and general
approaches to storing spatial data;

2) »preliminary work on the developnment of a set of
primitive operations which are required cf any geogrupnic
informaticn system (GIiS); and,

3) preparation specifications for a testbed system whlich
will subsequently be used to compare the Vaster data structure
developed by the principal investigator with the Topological
Raster Structure deveioped at NASA/GSFC.

_The Phase | work was explicitly Intended to explore the
theoratical context of ccmparative data strucTure znc algorithn
evaluation, and to gerive detailed compatibility requirements, as
a preliminary step before actuai testing can take place.

Phase 11 (2/1/84 - 12/31/84, $36,581.00) constitutes the
most critical phase of this work. The primary emphasis of the
propbsed second phase of this work will oe to construct the
Vaster testbed system which will be specifically taltlored
for comparabitity with the Topological Raster Structure testbed
system. This work will consist of major extegnsions to tasks Z
and 3 above:

Jask 2

The preliminary set of GIS primiftive operations developea in
phase one will be refined and finalized for the purpose cf +tnis
research, This includes categorizing procedures into

functional groups.

ORIGINAL, P20y '
OF POOR Qs

()

[T VP .

———— e .

Mtaiiite €3



bs ]

Advanced Data Structure and Geograpnic Informaticn Systens

onginaL el
OF POOR Qw- vy

Jask 2

The development of the testbed system for the Vaster
Structure will be completed. Specific elements veing acdressed
In phase two are:

a) Mutually agreed selection of "real worid" data sets

which are to be used for the comparative tests. These dazta sets
are to be supplied by MASA/GSFC,

b) Ilmplement: ‘3 test
procedures which will be the basis of the comparafnve tests. The
s aeer ArE BJeing
. «, wyreenent between tThe dASA/ SFC ronrracr
represen*aflve and the principal investigator. Algorithms for

each procedure must be carefully selected for implementation in
the two testbed systems to insure their comparaoility; and,

¢} Initial Test runs of The Vaster testhec system wili be
made in order +o determine +ne amount cf machine resources neeced
to perform the actual comparative analysis computer runs.

This work utillzes a VAX 11/750 system currently deing
acqulred through an equipment grant from DEC., This system, which
was Installed this past spring, Is dedicated exclusively to
Information sciences research particularily in the areas of
spatial database ana knowledge-pased jeographic Information sysrtenms,

AsS can be seen Goove this work funced by NASA/CSFC will
continue Into the coming year, This grant will continue 70 scorve
a role Integrating this work wlith other research deing concucted
at UCSB andg providing support to this work in terms of personnel
and esquipment as needsd. We feel! the synergism created oy the
integration cf this effort within the cverall framework of thig

Office of Unlversity Affairs projects significantly cenafits soth

I



Advanced Data Structure ang Geographic Informaticn Systems

projects.
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Artificial Intelligence and Large Networks

Prof. T.R., Smith, Prof. J.E. Estes, Mr. R. Dubayah

Remote Sensing Research Unit, Department of Geography
University of California, Santa Barbara
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Artificial Inteliigence and Large Networks

"APPLYIMNG ARTIFICHIAL IMTELLIGEMCE TO LARGE [IETWORKS"

+

Cr. Terence R, Smith, Dr. Jeffrey L. Star, lir, Ralpn Oubayah
Department of Geograpny
University of California, Santa Barbara

Ihe Problem

Personnel of the information Sciences Working Group at UCSSB
are actively involved with researchers at the MASA Ames Research
Center, investigating the use of artificial intelligence in
networked information systems. The probiem deais with networking
HASA centers and associated researchers in more efficient ways.

The ultimate goal is to be able to access and process
geographical ly dispersed data sets with the use of geographically
distributed software. This requires capabilities in the areas
of: distriouteg deta base managemenT, lcag-haul networkiag,
information presentation, distributed problem solving anc
artificial inteiligence, to be combined in new and innovative
ways.

At this time, a number of major MASA initiatives revolve
around the probiems of data accessibility and transfer of
infcrmation, In particular, the Pilot Land Cata System, the
Pilot Ocgan Data System, and the Pilot Climate Data 2ase
management System (as well as a proposed Global Resource
Information System) are structured as large computer nefworks.
The goals of these pilot effecrts include reducing the difficulty
cft finding and using data, reducing data processing costs, &nc
minimizing Incompatidility between different datae sources for
resgarchers both within and oufside 4ASA. The techniques cf

ertificial intellijence have application to This srovolem. In
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particutar, Al search procequres, knowledge represen?a?ion ang
control strategies are relevant for this task, HRessarchers &v
UCSB are focusing on how these Al fechnigques may be employed in
distributed problem=-solving, in which both data and procedures
are distributed throughout some network,
Ihe Resesargh

A future system, in order to respond to a user query wmight
require computations on several databases at one location using
software and hardware at a second location. The major
aspect ¢f such a system is an Al control system with knowledge
about the databases, software and hardwars throughout the !
network, and able tTo co-ordinate the (possibly parallel)
processes required to satisfy the user's guery.

In perticular such a8 system might inctuce the fcllowing
knowledge bases:
1- teta - Knowledge Base - the system's knowledge about itself,
2~ Network Knowledge Base - knowledge about the network and b
transfer of Information through the network. Sy
3=~ Défabase Knowledge 3ase = knowledge about the various
distfributed databases.
4~ |mage Analysis Knowledge Base = knowledge about the analytic
and processing capabilities of the various network noces.
5~ Production Knowledge 2ase = knowledge about problem solving to
satisfy a user's specific query.
6= Learning Knowledge Base - knowledge about how To iuprove tae
upgrade of the system.

Each of the knowlecge bases is a topic of research in

)
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Artiticial intelligence ang Large NeTtworks

Itself, as Is the overall contrcl svyructure, FfFor 3 particutar
application, axpert 3cmain knowladge bases can de adeced (i,e.,
mineral discovery, jectactonics, vegaTation discriminarion,
biomass mapping, change detection)., Finally, the resecarch witl
Incorporats results of state-of=the~art Al rasearch concerning
¢.strioutad prodlem=solving.
Ralatign *¢ Qrher Rgseargh

One basis for this work is research currentiy Deing carriec
cut at UCSB uncder the guidance of Terence R. Swmith, Jonna J.
Peuquet and John E. Estes which relates to the applicaticn of Al
in buliding a knowledge based gecgraphic inforaation systen
(G1S). This werk is currently funde¢ by U.S. Geological Survey,
National Science Foundation, and Digital Equipment Corporation, As
stated ia thn2 iatrogucTicn Thase researéners Axve Just acguiras a3
VAX 11/750 for dedicated Al research, in cooperaticn witn Jigital
Equipment Corporaticn researchers.
future Research

The research with NASA-Ames has imporrtant implications for
future Image and data processing., It is directly acdressing one
of the most difficult cata-processing prodlenms facea by NASA, To
aftectivaety and efficiently link the divarse spatial cata
processing capaditities of a geographically cispersed user
community, A full sclution 0 the problem will undoudtadly
require much further research that will d2o0th 6raw upon anc
cénfrl:ure to our knowledge of now Al may De ussed To control

difficult gata processing prouvlenms.
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Knowledge-Based Expert Systems for Crop ldentification
v
Prof. T.R. Smith, Prof. J.E. Estes, Ms. C.T. Sailer

Remote Sensing Reserach Unit, Department of Geography
University of California, Santa Barbara

Mr. L.R. Tinney
E.G. & G., Las Vegas, Nevada
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= Expert Systems for Crop ldentification.
Terence R. Smith, John E, Estes, Charlene T. Salier
Unlverslty of Callifornla, Santa Barbara
Larry ;?dTlnney
E.G. & G. Las Vegas, Nevada.

For the past year, UCSB has been conducting a cooperative
study of the application of expert systems In the interpretation
of diglital remotaly sensed [magery. Funding for thls project was
provided by the National Aeronautics and Space Administration
Offlce of University Affairs and the California Space Instlitute
for the 1982-1983 flscal year.

Californla Space Institute (Calspace) Is a multlicampus
resvarch unlt of the University of California. Calspace funding
represents "seed " money to support baslic research In the space
appllications area. Fdndlng for this pfojecf went to support
" graduate student research ‘in the applications of, expart systems
In Image analyslis, Including the research of doctoral student
Chartene Safler. Ms., Saller Is presently a NASA Fellow
contlinuing work In this research area In cooperation with the
Johnson Space Fllight Caenter. | |

Research belng conducted In thlis area Is explorling the
methodology and components of human Image anatysis In an
agricultural appllcations area; The long term goal of thls
research effort [s the development of an Improved understanding
of the Interactive man-machine environment. In such an
environment, as many feature {nputs as practlical would be

automatically derlved from a data-base and input Into an expert

system decislon-making procedures. Thls procedure could then

ol
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provide "expert" asslstance to a tralned lmége analyst,to ngrade
and Improve the quantity and accuracy of the Information
extracted from the Input data, The research being conducted for
thls project are the first steps towards this long-range goal.

To date, In this project, all aspects of the image
lnferprefafion process are belng explored, beginning with the
fundamental elemants of the human [mage Interpreration process.
This ts belng done wlth the goal of achieving an [mproved
understanding of these elements and thelr signlficance In the
decision-making process., A comparlision of the simlilaritles and
differences between manual and automated image Interpretation
technlques as currently practiced Is also being explored. This
effort Is beling accomplished to better understand current areas
of overiap and to better defline those Intersectfons of human
cognltive skill and machine technologlcal capabliil+les wherein
manual! and automated procedures may eventual ly meet.

Several papers have already been generated from thls work.
These papers seen In Appendix C were presented at the 17th
International Remote Sensing Symposium at Ann Arbor, MlIchlgan at
the Natfonal .Telecommunications Conference In San Fraacisco,
Californtia. In addltlon to these papers a number of preliminary
experiments have been conducted. These experliments Invoived
sesslons where image analysts were shown two sets of multli-date
LANDSAT Imagery, and a set of LANDSAT Images of predominately
agricultural areas whlich exhibited varlied agricultural practices.
The analygfs then interpreted these Image sets wlth an
interviewer who queried the analysts on polnts of the

Interpretation.
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Future work in +hls research area w!l| be conducted by Ms,
Sailer for her doctoral dissertation through the partial support
of NASA -~ Johnson Space Flight Center., Her dlssertation will
explore the growth cycle of crops In the San Jocaquln area of
Callfornia employing multi-spectral, multl-date LANDSAT imagery.
Ms, Saller will be working wlt+h expert image analysts at JSC to
develop algorithms simuiating the declislon logic used In the
discrimlination of crops., The final product for this research
wiil be a serfes of Al |linked cocmputer programs which will assist
ar Image analyst by providing expert advice and the probablllty
af an srea belng an agricultural area and the probablility of

occurance of a certaln crop In that region,
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Prof. John E. Estes and Dr. Jeffery L. Star

Remote Sensing Research Unit, Department of Geography
University of California, Santa Barbara
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Researéhers at UCS3 are in the initial phases of builging an
Integrated research program in informaticn sciences &round ¢
number of key themes of interest to MASA, These themes are an
outgrowth ¢f a thorough analysis of the current statg-of=fthe~ert
in the areas of: remote sensing algorithm development, spatiel
data bases, artificial intelligence, and global scale studies.

As seen In the precading section projects currentiy underway
involving these themes include: Boreal Forest Vegetation
Analysis, NASA Pilot Land Data System, Advanced Data Structures

for Integration of Image and Cartographic Data In Geobased

Information Systems, Applying Artificia! Inteliigencs to Large
Hetworks, Global Resources information System, and Knowledge
8asad Expert Systems for Crop lgentificavicn,

Table | shows the intersection of these projects with the
major research themes. Information Science Working Group o
personnel| are actively pursuing research in gach of the primary
areas of research interest |isted in our original proposal, Ve i
feei that in each of these major areas we are making progress
towards a deeper understanding of a variety of significant
research lssues,

During the discussions with NASA Office of Universifty
Affairs perscnne! which led to the funding of the Information
Science Working Group at UCS3, two general objectives over and
above actual research objectives were brought forewara, [T was
agreed that this Grant wouldte used as a focusing mechanism t1o
help support the integration of on-going resecrch 2fforts av

UCS3. In acddition, the Grant would also be used as a catalyst 7O

|
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gncourage and attract cooperativa resaarch between other HASA
Divisions and NASA Centers and if possible between NASA zncd other
Federal Agencies, Again, based on our work 1o date, we feel we .
have made significant progress towards meeting These abjectives.
Indeed, research discussed in this report involves the Earth
Science and Applications and Life Sciences Divisions, the
Information Sciences Offlice, and of course, the Office of
University Affairs.

This work also entails major cooperative research efforts
with personne! from NASA's Ames Research Center, Goddard Space
FIIghTFCenfer, Jet Propulsion Laboratory, and Johnson Space
Center., 1In addition personnel from the Natlonal Science and
Technology Laboratory (NSTL) a+ Bay St. Louis, Mississippl are
involved with UCSS researchers in the Pilot Lanc Jata Systanm

effort discussed abovae.

AL Y

During the period May 1, 1984 to April 30, 1985, UCSB

-

researchers will continue the efforts as described above. Funding

in the coming year provides for: continuity of funding of key |

staff, continuation of research activities with NASA Headquarters : .

and Center Personnel, field research ia the Boreal Forest, and

matching funds for the Digital Equipment Corporation (CEC) VAX

11/750 which was provided to UCS3. v
With respect to the last item, UCSB is very pleasac that the

Office of Information Science and the Office of Univsrsity

Affairs have agreed to provide a small portion of the matching
funds for this equipment. We feel that the multiplier effects
for this project will be extremely significant., This
13
2
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superminicomputer system [s solely dedicatad to information
sciences ressarch.

Finally, we at UCSB appreciate the opportunity provided by
this Grant from the NASA Office of University Affairs, We feel
that the area of lnformafton science represents a real chal lenge ¢
as we move towards the application of satellite remote sensing to
global studies. The ability to use information in an effective
and cost~efficient manner, derived from the globally consistent
data acquired by NASA and other satel |ites, to comoine these data
with aircraft and a variety of othar scientific data/information

sources, Is vitally important. Important as we attempt to

understand questions involving the Interaction of climate,
atmosphere, hydrosphere, |ithosphere, anc¢ blosphere, research
conducteq under tnhe auspices cf +his Grant is cirected towards

tThis and,
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PRCPOSED BUDGET

AGENCY: NASA AGENCY #: NAGW=-45S
P.I.: J. ESTES

PERIOD: 5/1/84 to 4/30/8%5

TITLE: NASA Remote Sensing Information Sciences Research Group

SALARIES*
ESTES, J., Principal Investigator
1 smr mo @ 100% @ 5433 5,433
SMITH, T., Professcr :
1l smr mo @ 100% @ 4504 4,504
PEUQUET, D., Asst. Researcher
1 smx mo @ 100% @ 4278 4,278
STAR, J., Assoc. Dev, Eng.
2 mos @ 25% @ 2521 1,261
10 mos @ 25% @ 2773 6,933
/ )
TBD, Staff Research Assoc, I
2 mos @ 50% @ 1484 1,484
3 smr mos @ 100% @ 1632 4,896
7 mos @ 50% @ 1632 5,712
TBD, Reseaxch Assistant
5 mos @ 24% @ 1494 1,793
TBD, Senior Typist Clerk
2 mos @ 25% @ 1126 563
10 mos @ 25% @ 1239 3,098
SALARIES TQTAL: 39,955
BENEFITS:
Estes, J. ‘
5433 @ ,2262 (w/SS) : 1,229
Smith, T.
4504 @ ,2262 (w/S3) 1,019
Peuquet, D, .
4278 @ .33 (actual) 1,412
Star, J.
5421 @ ,31 (1984) 1,681
2773 @ .32 (1985) 888

Staff Research Associate
8828 2 .31 (1984) 2,737
3264 2 .32 (1985) 1,045
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ORIGINAL ©f.
OF POCR Qua

BENEFITS (Cont.)

Research Assistant
1793 @ .0050 (yr)

Senior Typist Clerk
2422 @ .31 (l984)
1239 @ .32 (1985)

BENEFITS TOTAL:

EQUIPMENT

-~ Partial furding for purchase of VAX 11/750

Interactive workstation

High-~speed modem for workstation

EQUIZMENT TCOTAL:

TRAVEL

l trip for 2 people for 3 days from
Santa Barbara to NASA Headquarters
1 RT airfare for 2 persons
6 days of per diem @ §$75/day
Car rental and transpertation

1 trip for 2 people for 3 days from
Santa Barbara to NASA/JSC
1 RT airfare for 2 persons
6 days of per diem @ $62/day
Car rental and transportation

1 trip for 3 people for 2 days from
Santa Barbara to NASA/ARC
1 RT airfare for 3 persons
6 days of per diem 2 $62/day
Car rental and transportation

TRAVEL TOTAL:

397

11,

15,
3,

1,

19,

9

100

1,

900

o
S
I

o~
-
-

751

168

000

000

000

Q00

200
450

750

428
372
100

7 (g
Ly
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Estes, 5/1/84-4/30/85
Page Three

SUPPLIES

Office supplies

Office equipment rental-word processor
‘ Telephone tolls & equipment

Xerox & Library copying

Photographic supplies

Computer charges (Itel AS/6 & VAX 11/780)
Report Preparation

SUPPLIES TOTAL:

TOTAL OF DIRECT COSTS (Estes):
TOTAL OF DIRECT COSTS (Botkin):

DIRECT COSTS TCTAL:

**CVZRHEEZAD COFF~ThMPUS RATI 25.8%:
(on $112,083)

TOTAL:

NASA OF POC

PR,

1,000
1,000
1,750
500
750
3,500
600

9,100

82,789

48,294

131,083

28,917

160,000

te

* Salaries calculated: Current rate X 113 (academic) or 10% (staff) range adjustment

effective 7/1/84. Merit increases are added according to the appropriate title

schedule.

provisional thereafter.

**Indirect cost rate of 25.8% (off-campus) is effective through 6/30/84,
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ADDENDUM TO PROPOSED BCDGET

AGENCY: NaSA
P.I.: D. Botkin
PERICD: 5/1,84 wo 4/30/85

TITLE: NASA Remote Sensing Information Sciences Research Group

BWCA, Ely MN, Field Work Sudget

SALARIES

D.B. Botkin, Professor
1l smr mo @ 100% 2 5459/mo

K.D. Woods, Assistant Spec. II
3 smr mos @ 1008 @ 2037/mo

T80, Lab Helpers (5 persons)
1l mo @ $5.51/hr @ 833 hrs
3 smr mos Q@ §56.06/hr 2 1667 hrs

TBD, Assistant I (S persons)

1l mo ? $5.50/hr @ 833 hrs
3 gmr mos @ $5.97/hr 2 1667 hrs

SALARIES TCTAL:

BENEFITS

Botkin
5459 @ ,l6l2n

Woods
6111 2 .[31s

Lab Helpers
14,692 2 .31s

Assistant I
14,534 3 .0115s

BENEFITS TOTAL:

DIRECT COST TOTAL:

INDIRECT COSTS @ 25.8%:

TOTAL:

880

1,895

4,555

168

7.498

48,294

60,754



v _ Appendices

A. Knowledge Based Engineering for Spatial Database
Management and Use
D. Peuquet

B. Annotated Bibliography of Global Resources Information
J.E. Estes, J.L. Star, M.J. Cosentino, L.J. Mann

C. Applications of Artificial Intelligence to Remote
Sensing

L.R. Tinney, C.T. Sailer, J.E. Estes
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: Appendix A.
Knowledge Based Engineering for Spatial Database Management and Use

v
Dr. D. Peuquet

Remote Sensing Research Unit, Department of Geography
University of California, Santa Barbara
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EXTIRMAL RESEARCH PROGAANN SUNIIARY SHEEZT

TITLES OF PRCPCSAL:

Xnowlegge 3ased Engineering for Spatial Database
and Uss

PERIOD OF PRQOPCSAL:
! February 1984 to 3 larch 1985
HAME OF UNIVERSITY:
University of California, Santa 3arvara
UMIVERSITY CONTACT:
ilarguerite Mclntire
Research Development and Administration
University of California at Sante Barbara

Santa 3arbara, CA 83106
(805) 961~-4036

Dr. Donna Psuguet
Department of Geography
University of California at Santa 3Barbare
Santa 3arbara, CA 93106
(805) 961~3772
SEC COORDIIATOR:
fiary Kay lLawrence
DEC PROJECT SPONSOR:

Sruce Palmer
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iiotivation tor DEC Sponsorsrip -

CAEM Is interasted ink thisprojecT as we ars
undertaking a project in the 31S and knowledje-cased 318 arsas as
a critical part of our strategy in the Earth Resources
Engineering market space. UCSB is concentrating on gcveéenced
cevelopment thart we would oTherwise not be acle to address in the
early stage of our project due tTo resource constraints, Cf most
intferest to us is the query language and learning mecnanisms they
are doing, both specific to GIS.

gackground -

Large integrated software packages kncwn &s Geographic
Information Systems (GI1S) have been developed in the past fifteen
years which can perform all phases of storage, revrieval,
manipulation and reorganization of spatial catra. GIS based on
shared databases are used fcr a wide range of applications
Invoiving fundamental research, 2s well as government activities
and private corporate oehavior, These applications range fronm
uroan planning on a local scale to global resource nanagemnent,
G1S have already become an indispensable tool fcr managing
geclogic, biclogic and socioeconomic data in a timely and
efficient manner, and for facilitating the use of these data for
gndlysis and decision=-making.

imany probiams of geographic analysis raquirs the
storage, retrieval, manipulation and reorganization of datavases
that:

a8) contain many civerse cata types, such as real-valued
functions (e.g., digitized elevation date, rainfell data),
vector-valued functions (e.g., land use data) ane functions
taking general sympolic values (e.3., place=-name dgata)l,

%) contain many layers of gata of different types,
interreiated oy comples (implicit) relationsnips.

¢) contain very large numbers of data points,
d) are employed in sclving a large array of ciffereat zroalems.
The system will 2e¢ developed tc express totn colacts

ang spatial relations in terms of a logically=-basad spatrial
langucge (a suitset of predicate calculus), Since many of tThe

“reasoning’ anc "learning'" frocedures in the sysTem cepensg oOn The

asplication of neurisvic xnowlacye, we term our system 3
«newlesge~cesed geograpnic ianformation svstam (KZE1S),

[

D)
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Research to dafte has incicatad fthe prowise of cur
appro*ch, ang nas sivenrise to e farge number of important
problems reguiring much more detailecd investigation., The sugport
that we are requesting will be used to pursue saverczl cof Tnb5¢
proclems both theoreticaliy and practicalty, ang to incorporate
the results info our protfotype system, ‘''e belieave that our
research will result in dramatic inmprovements in the capability,
efficiency and versatility of GIS for ail poteatial agplication
areas,

Ressarch to date has incicated the promise of our

egpproach, and has givenrise to a large nunoer of inpertant
problems requiring much more defa:lud investigyation, The supgpoert
e e ol rL’Uubfln: will ce usad to pursusz severat of tnese
PRuivS 2 ST A Loviczaly nd Lrz c.ncall/, ang to incerporavte
the resuli+s into our profofype systen, we balieve that cur
research will result in dramatic improvements in the capability,
efficiency and versatility of GIS for all potential agplication
areas.

An Jvervi2w of the Proposed Ressarch =«

Pretiminary research by the investigators into tThe
construction of a knowledge-pasaed GIS has incicarted that recent
devalopments in Al, datadasa ang spatial data processing
technigues, although developed by incependently evolving
technologies, can be combined anc appliea in the construction ¢f
a new anc¢ quite distinct type of GIS which will overcone, *t0o a
significant degres, many of the inacequaciegs exhibited in current
GiS. For example, @much research in Al is based on tThe
development of knowlegge=-based (or heauristic) search ;roceaur=zs.
These can bte comdined with free-pased storage and retrievel
technigues developed within the field of database menagenent and
the recent dgevelopwents in tree structures end algoritnas for
spatial data applicarticns. This compination could poTenTizlly
yield a system with data volume capecities, lTevals cf efficiency,
ang ranges cf applicaticns well peyona those That each tocy cf
knowledge alone could provide.

The integraticn ¢f fthese multiple technologies into &
single system to handle j2ozrapnic gaTta must oce cone
simulfTanzously 30 Tthat tne varicus capsoiliTies providsc ny 2ach
can conplement Thcose of *tha othars and give rise to a sinzlea,
conessive system. Since the constructicn of such 8 sysTem has noT
ya‘ been attenmpred, the methods of iatszraztion will Tnemseslves o3
. topic st the proposaqg research.

e

Ca wdasei e
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Appendix A

Pretiminery research, funced by the U.S. Geolcgical
Survey, Is designea fTo cemonstrat: that Al techniques can De usec
in a GIS to ceal witn precticat geographic probliams. The work
consists primaerily of bduilaing 2 small "proof-cf-concapt" sysvan.
This system is currentiy restricted to answering queries in g
given demain, This domain centers around the use of remotely
sensed data for natural resource problems. |In The proces:z of
carrying out the initial work, @ number of areas requiring basic
research have arisen which are beyond The scope an¢ curation of
the Inltial proof-of-concept projecrt, e believe that The
proposad currant research is evs, . 2re inportant than +tne proof-
of=-concept research in terms of its potential impact on GIS
Tachnolegy.

, The proposed research is Intenced to investigate
several funcdamental qusstions which nave arisen curing Tnz course
of cur prellininary invsstigation., These new quesTions encompass
four areas:

1. Questions concerning the perfcrmance of anc medificaticn
to the database structure

2. Questicns concarning the definition of spectra in

guadtree structures and thaeir use in deriving search heuristics

3. Qusstions concerning extension of *n
recresentaTticn and Tne assoccisaTes

4, Questions concerning the concept learning algoriThas

Deliverables/!Milestones~
I. First demonstrable system which can answer & |im

1683,

itec range of
queries and update |imited components of The datapase Deacemoer,

2, Rule-learning component ancd autonomous dataoczse meuification

functional June, 1934

3. Concept learning and query language functicnal July,
1984,

~

4, Spatial spectra and¢ ssarch heuristics tuncticnal
1384

5. Complate Demonstration system functional Decemoesr, 1%34

5. Coding for prototype systam oegins January, 1633

7. Submission of ftechnical report on cemonstraticn sysTen
1965
The completion of +he cemonstration system is &is3¢
consiceres TO repraesent the complaticon ¢f The curresntly srepcssac

[ 28

weToder,

sercn,

\'J’
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phase ¢f the project. Upon complcricn of the demonstration
system, 2 nhands-on cdemonstraticn of its capaoilities will be
provided for DEC tachnical personne! at UCSS or at the DEC
sponscr's facitities in lariboro, Mass., whichever is mutually
determined TOo pe most appropriats.

The technical report on the demonstraticn system will
consist of a Technical description of the primary components of
the system and an in-depth gdiscussicn of the knowledge gained via
its construction. Discussions of the general concepts associated
with specific aspects of the system will aiso be preparced fcr
guoblication In scholarly journals during the course of this work.

Aisk Assessment -

There Is ao large - _vect,
The proposed research represenfs the fnrsf attempt 70 inftagrate
nultiple new techns s i ::
¢t this, no marketable soffwara -ruy¢~:$ .
negded from *this project. However, knowledge will be gained
concerning the basic principles involved and This kncwledge will
be of specific use in & current DEC project. It shou!d be notec
that the working LISP is essential for this groject., UCSE nas
agreed to be a DEC LISP field test site and any problems wirth
That prcduct wil) c2use a slip in their schedule.

Value of Proposed Research =

DEC Techical Evaluation group estimares that & minimun
of t¥wo man-years could be saved in development cf sinllar
functionglity. This research will have direct oearing on tne
CAE!M's Earth Resources market strategy for progucts c¢f tnis *yps.
Je feel the research warranta a Vax [1/750 class system. The
adllity cf DEC fo use theresults of Tn| ressarchwill de
greatly enhanced if the work were done under ¥..S and with a CEC
version of LiSP, UCSD originally intended to use UlllX and Frznz
LISP to do this project, Therefcre, CAZH is requesting +hat in
addition To the 509 grant against the purchase of the | 1/753
configuraticn, that DEC grant a 10C) sl lowance fer the mamory and
softrware Torun V.S and LISP., Acditional memory is negdszg <ue TO
the unusual memory raquirements fur QEC LISP,

Current Status =

A research te¢am heacec by the investigarors, is

currently pertially funded by tihe U,S, Seclogical Survey 7o oullc
a simplag proof-of~-concept system. This system will heve o
limited ranze of gueries and will also oe rastricted in 7ne size
ang - variapility of the aatabdbase.

5
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Support for the e2xpanded work hes alsc been requested
from the !Maticnal Scisnce Foundcdation, This additicnal support is
TO be ussd primarily to provide salaries to the investigator for
i1s and graduate researcn assistants for time devoted to fhis
projact.

Technical Status =

OEC and UCSB agree to meet on & quarteriy 2asis to
obtain project status, cemonstrations of functional scftware andg
dlscuss technical! probleéems and soluticns of the projact. UCS3
providing an account and mcdem on The research machine will
enable Digital emplcyees to send anc receive electronic meitl from
UCS3 persoanel, '
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Appendix B.
Annotated Bibliography of Global Resources Information

Prof. J.E. Estes, Dr. J.L. Star,
Mr. M.J. Cosentino, Ms. L.Jd. Mann

Remote Sensing Research Unit, Department of Geography
University of California, Santa Barbara
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Ul tl-di i : oher Qgrth Eclvz:é the
:rcblems incl‘de LY zoEt tiowe.,
2&au2 ant .
2 D.S. Hrazce Z ian
A4 Data Zvestan Ccn:agt el qool ation Miczioms
Avgust 1979
A svetem corcspt that ircluges an architsch
producee sampla, @agy L impiement, tzchnical interrac
ooRs SO0t SEQuUir? marcr organizational chargss  t2 &
Y lalwk Yo et allows one user o "Halgc I FEITUL T RMENTS
zut atitracting othsrsi  economic bDenasihi ghiitzoctura2 hLpan i3
nodul ars ard & model what car G Qrganize wmah iz
done.
2 Fred C. 3illingselv, Jr.
Data Basa Svetems for Sesots Svetems. Jure 1379

Landsat and gther satellite arz2 return

in BV ST -
increzsing amounts o° data which must o=z walidated., <’ atad.
and  accurateiy gecqraphicallv locatzd to Be of nighss value.,
Sformats arnd  cataloging philoscophies must: be formul 0
mavimize compatabiliiv of data archives s1nc~ data are h: g usad
operatiznally mives are rapi aroswing. isizIne

sezeczd no 4 [l 108 o St A&rrCrl /e el

1) Data Hase Maragcement 3vetzms  Panel Werlishep: e
Summary JFL. Pfuguat 1279
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Tachnical 3ucpoart faclage ror Data S.stome zas Tozcralicz
Fanals =~ Wertgroe Cocumarnt s Zract I Jeroarid Zizcuzalicn
C3TA Ricernati,2 Cata Svestans Qorcacts
Jepztanter (i, 1577
Ohiactiva of wi3TA sestzm 1S 1o srovil? Ti2i .
afsgr2ablz,. i'cessznla and rzadilv usatle aulzi-sourcz Sata
1racucts. The caoncest 13 a @rticaily :atagrztas proyact
24FL 212Nt fOr ona=-soureca-—ta~ora=-uger ralationzhiag ard. a oaccuiar
Iata sat whiCh can §=Cr2 data ~cr sama@ peri1ad 9+« ¢.t8 1o sLI%ort
nanv-ta-many relat:onsnipi. Svaluatison CriTEria congsotz,  ore-
ceRCcessing/arcny sal as3t2ms, *n-bcar; SwSLams ard ~3Lav 3 eTang
2-~2 all 1rncluded 1n th2 dizgugsgEior for annaential funura zorossts.
Tachrnicsl Sucport Tackage <cr Data Svstomg
Q3TA JAlternativa Data 3.zoems Joncents Morhsher Zocumesnt #s
Revis:on 1 General fisswszicn Seoptzmber 24, L1379
Si:gch4lw mere antzngive than werksron DJocumernc #x Trady
- incluges more QiICUSS1ON GN users, fr2-srocesiing. and nen-
NASA svwstens discigsiirag orisnted in<ormnatizsn 2uvirasticsn 2.3Tems.
instructions <or Data Svztemrs Faneis
worl enop Decumert #7 Dra<t 2 Saptampsr 1. (3779
IMETousTIIns are Listag 2RI 2 3 Tir ozl -
zarelas e A20ULrEC TS 1danTtl e, SritiTuzE, pDelIrTILze, 22
racomaena o CETH a2 gata gvstems organizatizr,  anc 2evelsoment
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APPENDIX C

Global Resources Information System, Progress Report

John E. Estes, Jeffrey L. Star, Michael J. Ccsentino, Lisa J. Mann
University of California, Santa Barbara

NASA Jet Propulsion Laboratory is conducting a study to
define the basic design criteria and operating characteristics of
2 Global Resources Informaiton System. As part of this effort
Ucss researchers have been compiling background material and
aiding JPL personnel in this project definition phase of GRIS. A
bibliography of past studies and current work on large écale
information systems has been compiled with partial support from
this grant and is included as appendix B of this document.

A1l resources, remote sensing and general library, at UCSB
were axamined in preparation of this bibliography. This
bibliography piesently in draft form will be of real value as we
progress in our research on large scale spatial information i
systems. The materail in this bibliography will be continucusly
updated throughout the lifetime of this grant.

A draft report "Global Information Sytem: A Concept
Paper (JPL Publication D-1524, F.C. Billingsley, J.L. Urena, J.E.
£stes and J.L. Star) is now being circulated for comments. A copy
of this report is included in Appendix C. of this document.

In the coming months, UCSB and JPL researchers will continue
to interact on this project and aid JPL in defining user

requirements and operational scenarios.
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SECTION 1
INTRODUCTION

Future National Aeronautics and Space Administration (MASA) flight
missions and, in particular, the planned Space Station will provide an unpre-
cedented potential for advancement in the Earth Sciences in the next decade.
However, the new requirements that will be levied by the scientific community
will also create a challenge for the implementation of information systems
that will improve scientific productivity to a level that allows for the
reatization of this potential.

In man's attempt to understand the Earth and its environment, enormous
amounts of data are being gathered from many different sources. The extreme
dispersion and sheer quantity of this data historically have made it extremely
difficult for space and terrestrial applications scientists to access data of
particular relevance to their work or even to learn of its existence. Problem
areas of greatest concern have been the poor quality, poor usability, and
inaccessibility of relevant data.

The demands upon NASA's information interface to the user community are
evolving alang with the research objectives. The complexity of the envirormental
and resource processes that affect the habitability of the Earth requires a
multi-disciplinary approach to the understanding of the natural phenomena
and their dynamics. Increasingly, the reguirements involve ccmprahensive,
multi-mission, multi-disciplinary investigations that recuire data from many
sources, both from space sensors and from conventional sources. [n addition,
it has become apparent that certain disciplines interact, using parameters
generated within the purview of other disciplines. There are commonalities of
needed source data and parameters among the uses and users in many Earth Science
discipline areas. One study (Reference 1-1) shows that, considering all disci-
plines and parameters, on the average over 3 1/2 disciplines are served by
each parameter derived, and each parameter could be measured by over ten sensors.

The task of locating and assembling data from several heterogeneocus
sources, and then integrating the data into usable correlated data sets, has
become a technically formidable undertaking. This work frequently consumes a
sizabie fraction of the total resources available for a research investigation.

The earth-watching satellites of NASA and other national and international
agencies provide a wide spectrum of detailed data about the earth's resources.
Heretofore, the state of the art in information science was such that, to
perform broad-scale scientific¢c research, drawing upon multiple data sets from
different sensors and satellites meant long, laborious, expensive periods of
data gathering and manipulation. Today, with advances in the technologies
of date storage, networking, and data management, it is possible to develop a
system within practical costs to allow efficient remote access to multiple
distributea data bases and to enable productive global-scale research,
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In recognition of this growing need, the House Committee on Science and
Technology of the United States Congress directed NASA to prepare a “preliminary
program plan for a Global Resources Information System utilizing an interactive
network of relevant data bases including program scope, technology, needs, and
resource requirements,”

In 1978, recognizing the need and the technological opportunity, NASA
initiated a coordinated, multidisciplinary activity aimed at making zatellite
data accessible on-line to the NASA applications research community and
providing within the system the processing capabilities necessary to enable
global -scale, multidisciplinary research based on multi-sensor data sets.

This activity involved the systematic development of improved techniques for
data-base management, networking, data standards, and advanced processing Systems,
The scope of the task is large and complex; therefore, it was structured arcund

a series of distinct science-discipline-oriented “"pilot systems" and supportive
technology development tasks.

Today, pilot systems have bequn to serve the needs of the atmospheres/
c¢limate and oceanographic communities; the Pilot Climate Data System and the
Pilot Ocean NData System are now operative and supporting scientific research.
This activity continues with the development of two new pilot systems oriented
toward the land-related science and planetary science research communities,
respectively, together with on.going work with applications disciplines to
deveiop and demonstrate improved tools and techniques for researchers in earth
resources, oceanography, atmosphere physics, climate research, and planetary
science. :

These pilot information systems, together with the supporting technology
developments necessary to accomplish the stated goals, can provide the foundation
for a Global Resources Information System (GRIS), a broad-based, multidisciplinary
information system to facilitate integrated research involving global data
sets potentially available from sateilite remote sensing and other conventional
sources to address global processes involving the land, air, and water.

In its initial stages, the Global Resources Information System will
serve NASA and NASA-supported and cooperating scientists involved in applied
science research within selected universities and other Y.S. institutions and
federal agencies. However, the global nature of the GRIS concent and of future
flight missions (iike the Space Station) that it will he supporting dictates
that the scope will have to be broadened increasingly to include scientists
and institutions with data bases and research interests in key foreign countries
as well,

The range of science disciplines and investigators involved, the number
of agencies that will need to cooperate and/or participate, and the international
scope of the Global Resources Information System pose a significant challenge.
However, it is a challenge that myst be accepted if we expect to be prepared
to use the full potential that space systems of the next decade represent for
the advancement of the sciences of the farth and the understanding of our
olanet.

1-2
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The purpose of this report is to present a preliminary concept for a
Global Resources Information System and to propose an initial approach to a
Program Plan. The scientific rationale and the scientific objectives of GRIS
are discussed in Section II. Sections Il and IV present the preliminary GRIS
concept and system overview., Section V includes a discussion of some of the
technical and political implications of the GRIS concept, and Section V suggests
an initial approach to the creation of a Program Plan,

1-3
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SECTION II
SCIENCE RATIUNALE

The science rationale fur a Global Resources Information System has at
its foundation the concept that the Earth is one large, complex life-support
system made up of discrete, interacting parts. The functioning and inter-
relations of these parts (lithosphere, hydrosphere, biosphere, and atmosphere)
is not clearly understood. In addition, humanity is subtly and surely intro-
ducing changes that impact the balance between and within these parts. As
mankind's technological potential has expanded, so too has man's inherent
responsibility to employ technology wisely. To many scientists involved in
research on all aspects of the Earth's global resource base, it has become
clear that in this century, the capability to significantly alter this planet's
environment on a global scale has finally been achieved. What may be less
apparent to these same environmental scientists is that research has also
developed new tools and technigues that offer the potential to observe, analyze,
and perhaps control the end results of action affecting the environment. To
date, humanity's actions regarding the environment have been haphazard: Man has
acted first and only later recognized and attempted to assess the consequences
of those actions., Organic carbon deposited by natural processes over millions
of years has been extracted from the earth in dozens of years. Until recent
years man has used energy stored in fossil reserves, dapositing vast quantities
of carbon in the atmosphere (estimated tu be about four billion tons per year)
without regard to the consequences on climate. ,

The effects of man's actions may be subtle. Agricultural practice,
favoring cultivation of legumes, enhances the rate at which nitrogen is fixed
by natural processes. In combination with nitrogen fixed inadvertently by
combustion or deliherately during the manufacture of fertilizers, this nitrogen
may give this planet's global life-support system to new domains, with as yet
unpredictable consequences for the air, sea, soil, and biota. Humanity's
actions may also be direct. The greatest feat of global engineering, conversion
of an estimated 10% of total planetary land area from natural vegetation to
ayriculture, was carried out without regard to the large-scale consequences.
Early farmers did not file envirunmental impact statements. Even if they had
done so, their documents probably would have provided little insight into the
long-range consequences of agricultural land conversion. The scientific and
technical basis for such a global assessment was lacking then, and to a real
extent, is still lacking,

This has been in part due to a lack of adequate data of the type, scale,
and quality to address scientific issues that are global in nature. In addition,
the complex nature of these problems requires that a multidisciplinary approach
be taken. In a society in which specialization has been the modus operandi,
interdisciplinary research of the type needed to address global problems is
rare indeed. It 1is, then, a basic¢ premise supporting the need for the Global
Resources Information System, that these large-scale {global)} problems require
multidisciplinary research. It also seems that little truly multidisciplinary,
large-scale research is occurring,

2-1
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Reasons for this lack of research are many, varied, and complex. They
range from basic technical problems associated with the collection, archiving,
networking, and processing of large data volumes to fundamental factors
involved in having scientists with diverse backgrounds meaningfully interact to
achieve research goals., VYet, it is just this type of research, in which
satellite and aircraft remote sensing is supported by surface sampling and
backed by effective information systems, that can provide significant benefits
today. Some examples of global-scale probiems that could benefit from such a
multidisciplinary, remote-sensing, total.information science approach are
described below. The fundamental characteristics of these problems are that
they are global in scale and require a concerted, long-range research effort
to achieve significantly improved understanding.

In each of these examples of global problems, global models are required.
Currently, global models for the most part are not available to support many
lines of scientific ingquiry, and, in many cases, those that are available are
inadequate, Global models inherently require giobal data for their solution,
Use of global data requires that they be planned for, acquired, then located
and assembled, In this global modeling problem, even if the models were
formulated, the quality data required to fully support them are not currently
available,

1. Global Carbon Dioxide Cycle

Several large models are required: f(lobal atmospheric circulaticn,
interaction with the ocean, effect of terrestrial veqetation, release frcm
fossil fuels, other sources of natural carhbon dioxide, biolegical productivity,
and relation to other global chemical (P,N,S) cycles, to name several., For
this discussion, the thrust is whether remote sensing can provide the necasary
data to solve these models, and what is necessary for an adequate information
system. This will require such varied information as circulation patterns;
latitudinal temperature variations; forest distributions by types and rates of
change; evaluation of cultural practices as they affect forest product disposition
of carbon in various forest regimes; carbon transfer at the air-sea interface
as pH, temperature, and sea state vary; ocean precipitation of carbonates; and
fossil-fuel practices. The multidisciplinary nature of the problem and wide
gamut of data required must be addressed,

2. Acid Rain and Pollution Dispersion

Information concerning circulation patterns is required. In
addition, knowledge will be required of a number of individual parameters:
fuel ¢omponents and their dispersion, depending upon energy practices; man-made
sources such as automotive combustion; possible natural sources; effects on
soil pH and water pH; efficac' of natural buffering; the identification of
specific sources by trace components; and the relative importance of S and N.
Can remote sensing of trace materials be of assistance? Given the probdblems of
repeat coverage due to orbit constraints, are better orbits possible? How

. about a synchronous po'ar orbit repeatedly going across “ansas with trace

pollutant sensors? Could laserbased, absorption-line detectors be of use?
If one addresses this problem, what would one do specifically; and what remote

~sensing supported by what type of information system would be needed?

2-2 1Y

A min B T Al -



- 3. Biogeochemical Cyzle

The binchemical cycle is the very foundation of our existence. To
paraphrase recent studies: "In the coming years, we will be able to predict
how much food the Earth will produce while most of that potential food is
still 'on the hoof' or in the ground; this will help us to feed the hungry.
We will be able to know in advance how much fresh water, timber, oil, and
metallic minerals we can safely consume - this will help us to harmonize
growth....” (Reference 2-1). Again, a multidisciplinary appproach is required
(If we strip-mine Montana for coal, for example, how soon can the wheat and
cattle culture again become practical?) as well as the use of global models
and a wide variety of data. T'e concern is with both aquatic and terrestrial
cycles and thei~ vitality with changes in their environment: upwellings;
water temperature and other coastal processes; water circulation; Ei Nino
effects; any interactions with the global CO02 problem; effects of soil pH;
rainfall (acid or not); hydrology and water-table groblems; primary productivity
in the wetlands; leaf chemistry; and the nutrient value in crops and development
of crops to suit environmental conditions, to name oniy a few. Figure 2-1,
from a recent NASA study on Global Habitability (Reference 2-2), illustrates
the interdisciplinary nature of the problems and suggests the use of the remote
sensing component. To aid in the understanding of the biogeochemical cycle
and the renewable resources problems, how can coordinated (across disciplines)
remote sensing/information systems approach aid in solving the present models
and allow new models, now untenable, to be developed?

4, Deforestation, Desertification, and Habitability

Remote sensing has aided in the understanding of the problems of
deforestation, desertification, and habitability. Again, the problem is
multidisciplinary. Some of the factors involved include soil conditions;
general rainfall and temperature conditions; population pressure and cultivation
practices; forest stripping for fuel, wood products, or for other uses of the
land; land suitability for other uses; and changes in rainfall due to changes
in vegetative cover. This problem interacts with and uses many of the same
data as the biogeochemical-cycle probiem: the global C02 and weather and climate
problems. Worldwide vegetative maps can be ass-ibleg, showing changes over
time. Worldwide data bases of temperature, rainfall, and other parameters
can be assembled. Many of the problems are largely social. In this context, a
question is: How can the social sciences benef1t from remote sensing with an
overall information science context?

5. Weather and Climate Monitoring and Prediction

Weather and climate monitoring and prediction have been a major
contribution of remote sensing, There is no need for an apologia for this
use. The emphasis for this discussion is the interaction of studies conducted
in this discipline with the others, for example, the use of global circuiation
and precipitation models with the global CUZ and habitability problems. Research
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has shown the potential of correcting Landsat images by flagging areas of high
c¢irrus clouds, which distort normal spectral responses. Can the data
distribution techniques developed for this discipline be used to retain more
of the old weather data for historical studies?

Other major problems could be discussed, such as: global navigation,
global sea conditions and the effects of shipping, ice processes, global
topographic mapping, physical oceancgraphy, basic geodesy. All have been, and
will be, aided by remote sensing and advanced information systems.

The need for global research is vital. The potential provided by remote
sensing and information systems is high, Indeed, when thoughtfully analyzed,
the two technologies are inextricably linked. Remote sensing data must reach a
user in an appropriate form and time frame. It often achieves its maximum
effectiveness when combined with other data in spatially referenced (gecgraphic)
information systems. Such information systems achieve their maximum effective-
ness when the data they contain are accurate and current. The linkage of these
two technologies has not occurred because of fundamental incompatibility. It
is a matter of necessity if these global issues are to be realistically
addressed,
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SECTION I11
PRELIMINARY SYSTEM CONCEPT

The prime motivation for the GRIS is the establishment of an effective
data-management system to meet the data-access requirements of the scientific
community in its multidisciplinary and multi-mission investications in the
Earth Sciences. Such investigations, ccmmonly known as correlative research,
use data from many sources for a wide range of applications in a variety of
disciplines.

In addition, every discipline can use data common to other disciplines.
For example, the climatologist is interested in hydrology, land cover, the
upper atmosphere, solar physics, and indeed, in the behavior of other planetary
atmospheres as well as the behavior of the Earth's atmosphere and oceans. Each

‘discipline generally must make some of its observations on its own, yet each

should not have to make all its observa;ions on its own.

vast amounts of data on the Earth and its environment are being collected
in centers throughout the nation and around the world., However, investigaters
are, for a variety of reasons, often unable to use more than a small fraction of
the existing relevant data. The potential data consumer (investigator) must
determine:

nm What data collecticns exist that have data relevant to the
investigaticn?

(2) Which specific data sets within the relevant collection are
pertinent?

(3) How can the specific data sets be obtained?
(4) What must be done to convert the data into a useful format?

(5) What support services and background information exist that would
facilitate multi-user, multidisciplinary use of the data?

Because each of the several data sources used in an investigation may
have its own access protocols and product forms, the overall process of finding
out what data are available, obtaining the data, and integratiny the data into
a compatible set is currently a technically formidable task. Freauently, this
task results in the development of extensive application-unique data access and
conversion capabilities.

The GRIS concept is a strateqy for lowering the information exchange
barriers that exist between participating producers of data and information,
and the existing and notential users of that data and information,



The GRIS program will seek to provide key elements to suprort
correlative research i1n the lana, atmosphere, climatic, and oceanographic
sciencas. Using standard interfaces and operating quicelines, diverse data
systems can be integrated to provide the capabilities to access and process
multiple geographically dispersed data sets and to cevelop the necessary
procedures and algorithms to derive global resource information.

To accomplish these objectives, GRIS, as currently envisioned, must be
capable of performing the following functions:

Mm Interface to a geographically dispersed, heterogeneous user
community vi1a 3 common-carrier, electronic communications network,

(2) Provide access to data bases that contain beth space and
terrestrial data in varying formats and that are managed by
dissimilar data management Systems,

(3) Provide substantial ease and uniformity of user access to the
data bases.

(4) Provide extensive assistance in the location of relevant data,
(5) Enable data to be transferred in a timely and efficient manner,

(6) Allow concurrent access to the service by mu'tiple remote and
locai interactive users.,

(N Allow full control by participating organizations over access to
and utilization of their computing and data resources.

(8) Minimize time, cost, and operational impact of adding (or removing)
users or data centers to the GRIS,

(9) Nevelop and maintain data and communication standards.

{(10) Support on-line, cataloged processes to perform special funcb1ons,
allowing contro!led computing resource sharing when approepriate.

() Perfcrm special services, such as cdata integration or active
archiving of data, when such services are desired.

(11)  Perform the administrative and monagement functions necessary for
the coordination of the information network,

An important feature is that the data accessed via GRIS will remain under
the management and control of the organizations and data centers in which it
resides, HNo data will be managed directly by the GRIS, with the exception of

atalogs and directories of information about available data hases and partici-
pating orjanizations and centers and their rescurces, uniess a spe¢ific archive
15 piaced under GRIS management for special purposes.

_—e
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Niscipline-griented data will reside in discipline-oriented systems.
These discipline-oriented systems are based on the concept of a Scientific Data
Management ynit (SDMU) (Reference 3-1). An SDMU is an organizational entity
responsible for developing and maintaining a "live" data archive in support
of a specific scientific objective. A live archive contains data that are in
active use, together with a knowledgeable support staff., The staff makes
decisions about the structure, o-ganization, and content of the data base
required to support the discipline investigations.

The SOMU is typically associated with a central-processing and analysis
facility that is a principal user of the data. Other remote users are inter-
connected through the network systems.

SOMUs and associated computing facilities are created wherever there
exists a critical organizational mass with deliverable research objectives.

Examples of SDMUs include NASA's Pilot Oceans Data System (PODS), Pilot
Climate Data System (PCDS), and the proposed Pilot Lands Data System and
Pilot Planetary Data System, presently under development.

Figure 3.1 is an overview of the GRIS concept. [t includes the following
elements:

m Archives to retain usable data sets and make them readily
availabla. :

{2) Piscipline-oriented information axtraction anc processing systems
to prepare parameter data sets, operate R & D mocels, develop
user-oriented products and displays, and perform scientific
analysis.

(3) A common data cataloging and dissemination network service to
allow users to locate, order, access, exchange, and integrate
data quickly and at low cost. This would supplement rather than
replace the current mailing of tapes and disks,

Section VI of this report presents a more detailed description of some

of the features of GRIS, along with a discussion and an assessment of the
different networking and information system technologies that are germane.
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SECTION TV
SYSTEM QVERVIEW

A, GLOBAL RESOURCES INFORMATIGH SYSTEM DRIVERS

A set of generic data handling and analysis requirements results frcm
consideration of the large-scale science problems that will be characteristic
of future global remote sensing such as will occur from, or in association
with, the Space Station:

(1) Ability to locate required data sets in the various catalogs
Yocated in the United States and other countries.

{2) Ability to move data sets rapidly from the archives to locations
where the research is being conducted.

(3) Ability to register, calibrate, and modify data sets to standards
rapidly with minimal manual intervention, '

(4) Ability to perform processes on the group of assembled data sets
in near real time, both iocally and remctely.

Ability to communicate research data and technical information
between scientists locally and remotely in near real time,

-~
(1]
—

B. GRIS GENERAL SYSTEM ARCHITECTURE

Integrated software packages known as Geographic Information Systems
(GIS) have been developed that can perform all phases of storage, maintenance,
retrieval, and analysis of spatial data. The function that sets them apart
from data-base management systems is the ability to perform various degrees of
analysis, at the users direction. Accordingly, this analysis will be
incorporated within the definition of the GRIS. The general functions of a
GIS, of whatever size, are described below.

A GRIS may be thought of as a super GIS, serving many users and accessing
many data bases in a systematic, standardized manner, A potential data query
and location scenario and the corresponding flow/block diagram will serve as a
basis for discussion of factors that relate to the use of geocoded data in
such a system (Figure 4-1). Note first that the GRIS will not take over the
world or even the established archives, Rather, it will interface with these
and provide the coordinating and standardizing so sorely needed, [t will have
no control over these archives but must understand their structure and cataleging
to provide the necessary interfaces. Its structure will be much like that of
the telephone service: A centralized organization must be present to organize,
provide standards, implement the network and intertaces, perform research to
provide future improvements, and provide specialized services. But, just as a
telepnone customer directly telephones his party without visibly invoking all
of the company structure, the GRIS user will be provided with facilitating
services as well as specialized ones. Thus, a distributed hetarogeneous set
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of data bases is turned into an information system. At the same time, however,
the need for timely responses is evident; this may require that the GRIS itself
become an archive available for rapid turnaround.

A walkthrough of the diagram will be useful. A user will use his
forward model to determine what data is needed to answer a given research
problem (lower left)., He then queriec the catalogs of the various known archives
to locate useful data sets, He would also query the GRIS Central catalog,
which in turn has access to archive catalogs. The located data are then ordered
via either the GIS or the Member Archive oparations Data Base Management System
(DBMS), which would be the "order desk." Accompanying the order would be
requests for the desired retrieval processing. At the same time, value-added
services would be requested. On receipt of the data from the GRIS he would
proceed with his own program, The GRIS may serve as a temporary or permanent
archive, as might the user., Either would maintain archival data compatible
with the professional Member Archives. In this manner, all users will have
access to all established archives.

In this scenario, the established archives would not change their data
structures and would only have to establish suitable catalog interfaces. The
archive interface modules of the GIS weculd perform the necessary standardizing.
Their location would be with each archive, to provide a consistent interface
to the network.

c. DATA ARCHIVE PRINCIPLES

To make Such a sysiem practical, certain principles should be followed
in designing an archive and its data structure:

(1) To avoid aggregation/disaggregation problems, the data should be
stored at the resolution commensurate with its data content,
usually at the resolution at which it was obtained.

(2) If practical, remove the intra-image distortions so that only
affine low-order corrections will later be required.

(3) Store with the data the precision information required to register
the data to a well understood reference during retrieval, such
as latitude/longitude (i.e., georeference the data). This also
provides the required reference information for the data location
queries by geographic coordinates.

(4) Store with the data all relevant ancillary information, such as
calibrations, sensor data, processing history.

{5) During data retrieval, geocode the data. That is, reproject and
rescale the data to the grid requested by the analyst, and provide
the ancillary data.

(6) Supply the data in a standard format independent of the incoming
data type or sensor, with suitable annotation to allow the analyst
to use the various types interchangeably.



D. SYSTEM MAJOR COMPONENTS
The GRIS consists of the following major components:
1. Archive Nodes

For this discussion, an archive is a data repository that
potentially can be connected to the system for electronic catalog conversations
and potential data transfer, The initial supposition is that the data will be
required from a number of currently operating archives, that future archives
will be established for future NASA missions, that some archives such as the
National Space Science Data Center (NSSDC) contain somewhat specialized data,
and that other archives such as Eros Data Center (EDC) contain data of more
general interest. As these archives are selected to he included, individual
decisions must be made concerning the interface modes. The general requirements
for an archive node will be to service the catalog searches and requests, to
locate and prepare for distribution, and to distribute the requested data.

The data reformatting is proposed at the archive nodes to allow all trans-
missions to be in common style, perhaps using the Standard Format Data Units
(SFOUs) being developed. Eventually it will be desirable to maintain an on-line
data browse.

2. The Network

The network would consist of all of the data transport mechanisms
as appropriate: mail, leased line, dedicated line, arrangements for Domsat,
etc., It could be built on networks such as the MASA Program Support Communi.
cations (PSC) facilities, and could contain Local Area Networks to connect
users to the Long-Line Metwork, It would interface to each node with specialized
hardware and service both text communications (such as the catalog conversations)
and data transfer. As the capabilities can be increased, data transfer
progression might be: tabular and low volume point or polygon data, then
browse images, then larger images. Interactive capability would initially
only be the catalog conversations, then expand to catalog browse, data browse,
and (much later) to interactive data analysis.

3. Support Services Administration

This component would consist of the directory/catalog/dictionary
services required to access the various data bases required. It would set the
standards for this service and provide catalog query translations, access to
the various catalogs, and 2 supercatalog function, It would also provide
the alphanumeric terminals to the member nodes and a search function to locate
and connect to new data bases as new data are requested. In short, it is the
nerve center of. the Pilot: It will provide the administrative and accounting
services for the system, including accounting, billing, and standards maintenance.
It will include general user support functions such as the administrative user
interfaces to the system and the general operations functions required to
keep the system running. Nuring implementation, this function would also make
the necessary interagency and international arrangements.

4-4
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4, System Central Services

The System Central Services are those data preprocessing services
implemented by the system, as requested by the Steering Committee. This function
will provide value-added services of selected kinds for system and non-system
data upon request from the users., It will also build the capability to perform
value-added services of an algorithmic kind. This service provides the

registration, rectification, mosaicking, media conversions (such as map digitizing),

data format conversions, and related operations. It will he the data outlet
for the system for those data sets not transmitted directly from the archives
to the users and it will maintain an archive of data that it has processed to
avoid the necessity of reprocessing. It will build these capabilities on the
existing capabilities at the various centers and will provide the interface
requirements and specifications for the data terminals.

5. User Interface Nodes

User interface nodes are where the research tasks are performed,
They contain the interfaces between the network and the local equipment., The
general concept will also include the local GIS, analysis hardware and software,
and the staff expertise. This is necessary to fulfill the desire for a
distributed system, not just a networked data base. l!etwork-interfacing
equipment would be under the control of the network function, but all other
functions would be under local control to encourage local developments.

Compatible, modular hardware will be required at all node locations for
data analysis. This hardware must interface with the terminal hardware and
must support a local GIS. The data analysis developments being performed at
the various NASA centers and at participating universgties will need to be
coordinated and arrangements made to modularize, package, and document for
distribution those algorithms and procedures that are deemed to be generally
useful, All centers are developing or have in place hardware and software
systems; these developments must continue and th2 available capabilities used
shere practical.

4-5
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SECTION V
ISSUES INVOLVING GRIS IMPLEMENTATION

The scope and the diversity (in terms of users, producers, and resources)
involved in the implementation of a Global Resources Information System is the
origin of a series of technical and political/organizational implications that
go beyond those encountered in the implementation of the existing or planned
discipline pilot information systems. The range of science disciplines and
investigators involved, the number of agencies and institutions that must be
called to participate, and the global scope of GRIS pose a number of technical,
managerial, legal, and political questions that require a careful analysis and
pose a significant challenge. This challenge must be accepted if scientific

- productivity is to improve to a level that allows for the realization ¢f the

potential that space systems represent during the next decade.

The success of GRIS will depend not only on the correct solution of the
technical, technological, and design problems that will be encountered du:ing
its implementation but also, to a large extent, on the correct choice of
strategies in the areas of management and in the resolution of issues arising
from the compiexity of the interactions between pecple and institutions that
will be involved.

The purpose of this section is to initiate an analysis to identify the
principal issues that will affaect the GRIS implementation and to provide
recommendations where appropiate. Three general areas must be considered:

(1) Managerial,
(2) Inter-institutional relationships and ¢oordination.
(3) Technical.

A, Managerial

The complexity of the relationships between people and institutions and
the number of separate activities that are inherent to the development of GRIS
require the development of a strong and well-defined management infrastructure.
At the same time, a strong comnitment will be needed from NASA Headquarters,
involving the Information Systems Uffice and the Earth Science and Applications
Division, to support the deveiopment of GRIS through its life cycle. Agreements
between appropriate NASA Headquarters offices should be established to cooperate
in the planning with future flight missions of the evolutionary growth of GRIS,
especially with the Space Station, which is expected to be a main focus of
interest to the Earth Sciences research community in the future.

Continued involvement of science users throughout the program life cycle
is essential. The GRIS management structure must contain elements in which the
scientific-user community is represented to a level that ensures that the
program is truly responsive to the real needs of the research community and
their scientific objectives. Figures 5-1, 5-2, and 5-3 show a preliminary GRIS
organization structure that reflects these principles,

5-1
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The GRIS Steering Committe (see Figure 5-3) will be composed of a
Technology Group and a Science Steering Group. The Science Steering Group will
formulate the program's objectives and set forth the requirements for system
capabilities in terms of data access, processing, dispiay, and user support.

The Technology Group will jdentify the relevant information system
technologies required and provide guidance in the development and implementation
of the system.

The GRIS Project Scientist (see Figure 5-1) will be responsible for
providing advice and recommendations for the continued scientific relevance
of the program on a continuing basis.

8. Inter-Institutional Relationships and Coordination

The number and variety of agencies and institutions that are repositories
of data of potential interest to the Earth Science research community will
require a well-defined set of agreements for cooperation between the involved
parties, The sharing and exchange of data and information in a distributed
environment raises a series of legal and policy-related questions about the
property of data sets and the boundaries of responsibility of the involved
organizations,

The issue of irter-institutional and inter-organizational coordination
can be viewed from the perspective of the following three levels:

(1) Among NASA Headquarters offices: The roles and the boundaries of
responsibility of the Information System Uffice and the science
program offices of the Earth Science and Applications Division
will have to be ¢learly defined through agreements,

(2) With external agencies and institutions: Federal agencies, such
as the USGS and NUAA; and other research institutions, such as
universities. :

(3) At the international level: With other foreign agencies and
institutions, '

The coordination among the participating institutions can be accomplished
through a process involving:

(1) Inter-agency agreements regarding the exchange of data and
information as well as the roles and responsibilities associated
with their participation in the program.

(2) Technical and scientific working groups to define the scientific
requirements and technical approaches to achieving data and
“information sharing and exchange.
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¢ The interconnection between diverse, heterogeneous information systems
{ and the number and size of potentially relevant data bases and their geg-

referenced nature poses a significant challenge., System design must support a
phased, modular-implementation approach so that the design can be validated by
building and verifying portions of the system prior to commiting to full
implementation.

; To minimize risks, GRIS development should be based on the integration

' and testing of proven technologies . However, GRIS shculd provide a mechanism

- for close cooperation with the computer science research community for the

P development of advanced technologies that would eventually be integrated into
bl GRIS. Figure 5-2 shows a preliminary Work Breakdown Structure for the technical
activities associated with the development of GRIS.

One of the barriers that exists to computer-based information exchange
between producers of space and non-space data and information and the scientific
community that makes use of the data and information is that many of the data
producers and users have developed unique methods of data handling and
processing. These methods include a wide diversity of data descriptions, data
formats, and data-exchange protocols.,

A GRIS Standards and Guidelines Program should be initiated to facilitate
the exchange of technical data and information among the data systems that
support the scientific-usar community. [t wculd foster cocmmon or compatible
data formats for multi-source investications, therepy reducing the numfer of
unique interface definitions and requirements for custom software gevelopment
by users.

[ b St e L

External agencies, such as the National Oceanographic and Atmospheric
Administration (NOAA) and the United States Geological Survey (USGS) are large
producers of data used by the scientific community invalved in Earth Sciences
research, [t is essential that they are included in the data standards development
and participate in the evaluation of the standards implemented under the GRIS
auspices. Additionally, some inter-agency standardization efforts, such as the
Consultative Committee for Space fata Systems and other organizations, have
been developing standards for data and telecommunication systems. Coordination
with these organizations is essential to avoid duplication of efforts ana te
facilitate compatibility with external systems,

o rw o m———

Although NASA Headquarters should make all determinations of policy for
the program, the development of new standards and the handling of requests for
modification of existing standards will be under the control of a Standards
Control Beoard, which will have ultimate responsibility over the operations
related to the Stancdards and Guidelines Program.
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SECTION VI
PROPOSED APPROACH

The underlying motivation of GRIS is to establish an effective and
efficient information management system to meet the data access requirements of
NASA and NASA-related scientists conducting larqe-scale, multidisciplinary,
multi-mission scientific investigations, The objective of GRIS is to develop
an interactive data dissemination network that will provide research access to
data on a global scale to serve the needs of the atmosphere/climate, oceano-
graphic, and land-sciences communities., An initial step toward accomplishing
this task is to examine the potential for linking existing and planned NASA
pilot data systems. Within the context of GRIS, this linkage would facilitate
research of a type and on a scale not currently planned under the Pilot Climate
Data System, Pilot Ocean Data Systems, and Land Data Systems.

Figure 3.1 presents a potential structure for a GRIS. To the extent
that these existing and planned pilots facilitate multidisciplinary research,
they will support GRIS objectives. To the extent that these existing and
planned pilots support global research, they will support GRIS. Yet GRIS must
go farther: GRIS should support access to international data banks and
facilitate linkages between scientists from many discipiines in a mannar not
foeund in the existing pilots.

GRIS should, therefore, undertake a Sstudy to cetermine an effective
methodgs for linking existing institutions, Such study would be most aosorcpriate
at this time. Efficiency may be achieved by identifying centers and institutions
with existing or proposed links to more than one Pilet Data System. This type
of study could examine the best way to effect linkages minimizing redundance and
ensuring efficient access to multidisciplinary use of pilot facilities,

To implement GRIS effectively we must also begin ocur examination of the
international implications implicit in the development of such a system,
Questions we must ask include: What international data banks must be accessed?
Are there restrictions on their access? What international organizations and/or
fnstitutions may be involved? What is the most appropriate way to provide
multidisciplinary, multinational research team access to and processing
capabilities for NASA and related data sets? What problems will hinger this
access? We must begin to anticipate these and other issues if we truly hope to
achieve a Global Resources Information System capability.

Finally, to test the concept of GRIS a limited number of success-oriented,
muitidisciplinary research projects, linking ocean, land, and atmospheric
scientists within the United States should be initiated. Researchers conducting
these studies would be strongly encouraged to cooperate with international
organizations yet need not necessarily initially include such individuals as co-
investinators., These studies would be initiated only after carefyl study of
the scientific justification and international implications of the proposed
projects., Thesa projects would be used to test the feasidbility and viability
of trne GRIS concept. Projects selected should have scientifically significant,
specific goals and objectives.
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Realistic costs and schedules should also be developed. The premise
is that successful demonstration of the GRIS concept will generate enthusiasm,

and this enthusiasm will in turn provide further impetus for GRIS implementation.

Fiqure 6-1 suggests a phasing for the studies outlined above. It should be
emphasized that, while development in each of these areas could be undertaken
independently, successful impiementation of the GRIS concept will require that
work be done in each area, Therefore, a phase-integrated approach would be
appropriate,

Link Existing and S R |
Proposed Pilots
International O g |
Linkages
Demonstration O S
Projects
LI D I A R R B T
Year

e o o o o Study
- = - = Development

e mmememe 125 £ 101G

Figure 6-1. Proposed Phasing for a Global Resources Information
System Implementation

In conclusion, it should be emphasized that the material presented in
this report represents our interim thinking on the implementation of the GRIS
concept. Should Headquarters accept the threefold approach to GRIS implemen-
tation described above, we propose in the coming months to develop a more
detailed breakdown of the tasks required to support each program element,:

The need for systems to facilitate the use of multisource data by multi-
disciplinary research terms to address global-scale scientific issues is great,
Systems must be developed to meet the needs of multidisciplinary research into
global problems. We feel the approach proposed herein addresses this need.
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THE POTENTIAL OF Al TECHNIQUES FOR RENOTE SENSING
John :, Estes*, Charlene Sailar* Larry R. Tinney

Unlversity of California
Santa Barbara, California

EG & G Energy lMeasurements Group
Las Vegas, Nevada
ABSTRACT
Remote sensing Is a powerful tool for geographic analysis

capable of producing large volumes of data In the spatial,
spectral and temporal domalns., A variety of "conventiocnal"
machine~assisted processing and analysis procedures have been
developed In an attempt to improve the efficlency of information
extraction from these data., Yet, in general the current state of
the art of computer-assisted Image analysis lags far 2 behind
human Interpretation techniques Improved approaches to machine
assisted image processing must be exposed. [t Is our conclusion
that techniques adapted from the fie!d of artificlial Intelligence
(Al) can have signiflcant, wide~ranging Impacts upon computer~
assisted remofe sensing analysis,

Al=based techniques offer a powerful and fundamentally
different approach to many remote sensing tasks.

in addition to computer assisted analysls Al techniques can
also aid: ‘"onboard" spacecraft data processing and analysls and
database access and quary.

Developing Al-assisted systems and analytlical procedures

will require agreat deal of time and effort, The results,
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particularly in the image processing area, should even?ﬁally
prove more accurate and robust than current statistical
apprcachses., In addltion to the potentlal for increased
performance levels, Al-based research has focused upon user
acceptance Issues and developed improved user Interfaces that
should lead to greater acceptance of computer generated remote

sensing products,

INTRODUCTION

As Nalsbitt (1984) states in this recent work Megatrends, we
have moved from an Industrial to an Information socliety,
Geographers today are faced with awide variety of data as they
attempt to pursue their research. Figure ! which focuses on
remotely sensed data as an information source il lustrates the
variety of data types add'sources and the need of users to tap
spaecific data of Interest to thelir research. The Information
explosion (depicted in figure 1) which has occurred in recent
years has lead tfo the increased use of gufomafed procedures for
accessing, organizing, processing and analyzing spatial data.
Geographic Information systems are responsive to the need for
Improved capabiilities to use spatial data for a wide rangs of
fundamental research and opéra?lonal appiications. It iIs
interesting to note that Maisbitt in MMegatrends states that the
beginnings of this new information society dates back to 1956,
1957, (Naisblitt, 1984)., This time frame corresponds to the
beginnings of satellite remote sensing with the launch of

Sputnik.
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Rgmofe éensing is a powerful data generation feéhnology. A
technology which has In the past and wiil continue In the future
to have signiflicant impacts on our abllity to accomplish both
fundamental and applled geographic research (Estes, Jensen and
Simonett, 1980). Yet improved approaches to fﬁe processing and
analysis of remotely sensed data are required if we are to take
full advantage of the lnformaflon potential inherent in the
products of this technology. lLn recent years a number of papers
and conferences have had as their theme the merging of remote
sensing and geographic iInformaticn systems technologies (Shelton
and Estes, 1979; Shelton and Estes, 1981; and Estes 1981. This
merge is seen as a way to improve our abitity to emplioy machine
assisted analysis procedures to improve our capability to extract
information from the vast array of complex spatial data avallable
to geographic researchers today. In these and more recent
articles, we have suggested a need To bring more "intelligence"
into the processing and analysis of data than is presentiy
permitted employing conventlonal statistical and mathematical
processing procedures, (Tinney, Sailer and Estes, 1983, Estes,
Sailer and Tlnney 1983; Estes, 1984),

The current state~of=-the~art of computer-asslisted image
analysis generally lags far behind human interpretation
techniques. A comparison of these two methodologias il lustrates
that the level of decision-making used in "automated" procedures
Is still at a very low level, whereas analysts are capable of
taking advantage of higher level relationships between objects
both within a scene and across scenes,

For some applications existing computer=-assisted procedures
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produce classlfications which are satisfactory for the task at
hand. However, when faced with date sets which contain several
different types of information, requiring substantial amounts of
a priori knowledge and the application of reasoning or logic to
solve the problem, conventional computer-assisted techniques are
expremely limited. |t Is the oplinion of the suthors that much of
the "technology transfer®" problems associated with computer=
assisted remote sensing using Qafellife-based systems are
actua!ly due to the inabillty of current techniques to
systematical ly achieve accurate resul ts.

Concepts from the field of artificial intel-ligence (Al) have
proven useful In application domains with characteristics simitar
to those found in the fletd cf remote sensing. From an
exanination of successful Al implementations, particularly in the
area of "expert systems”, {t appears that there exists 2
potential for successful application to several remote sensing
tasks. The area of most Interest here, computer-assisted Image
analysis, is clearly one of the more difficult applications for
which Al techniques are being applied. |t appears evident,
however, that Al-based techniques may be necessary if major
improvements in automated image analysis performance are to be
achieved. Current non-Al alternatives do not appear capable of
ever reaching human analyst performance levels.

This paper provides abrief review of some basic Al
concepts, Including expert systems, Expert systems is an area of
Al with the greatest potential for direct applications to various

Image analysis tasks, [Introductory Al material is fcllowed &Ly
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sections examining potential space and remote sensing
applications of Al technology. A major portion of this paper is
devoted to & comparison of human and computer-assisted image
analysis procedures. Following this comparison, some critical Al
implementation issues are addressed. The Intent of this paper Is
to provide the geographic community with an initial exposure to
Al techniques and convey a mix of excitement and caution
regarding their applicability to remote sensing tasks. Ve
belleve that the Iimpacts of Al techniques or the acqu[sifion
processing and analysis of remotely sensed data can be profound,
but that their success implementation will require substantial

efforts,
ARTIFICIAL INTELLIGENCE

Artificial intellligence (AIS Is the science of making
machines perform tasks that would require intelligence if done by
humans, A currently active subfield of Al Is concerned with the
development of reasoning sysfems based upon formal logic systems,
such as the predicate calculus, for simulating human decision-
making, Decision models based on Al‘fechnlques are typically
expandable, easlly altered, and extendablie., Al employs computer
programs and programming techniques to elucidate the mechanics of
human thought processlnglin general, and human decislon-making in
particular,

Artificial Intellligence programs are fundamentally
different than conventional computer programs in a number of
ways., Table 1 lists some major differences between these types

of programs. DOifference in programming strategy used is the most
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basic distinction between Al and conventional grograms. Hon=Al
programs typlcally rely on the development of algorithms, which
are step-by-step methods for solving a particular class of
problems. A major problem with this apprcach Is that *here may
not be an algorithm that can solve every problem in a set of
problems for a particular application. In addition, even if an
algorithm exists, It may not be cost gfficienf for every problem
tn that class of problems. Al'programs nmode!l reasoning systems
using formal loglics and employing heuristic searches. Heuristic
search can reduce the cost and clrcumvent the Inefficiency of
exhaustive search fechniques, and Is of importance due to the
very large databases which the programs are ftypically cal led ﬁpon
to search. This could be particularly important in image
analysis where large spatial!l dotabeses (s.g. gaographic
information systems with multiple data planes), ere often

required in the analysis task.

TABLE 1. COHMPARISOM OF Al AND HON=-Al PROGRANS

Al PROGRAMS versus MOM~A] PROGRAMS
0 Heuristic o Algorithmic
o iodular autonomous o Knowledge
o Knowledge sources o Inflexible
Flexible knowledge stored knowledge
deleted or
augmented
o Symbolilc o Humeric
o °State! specific o °Sequence! specific
programming progranaing
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In most Al programs there is a fairly rigid separation of
input data concerning the problem; operations which manipulate
the data; and, control structure which direct the operation. The
knowledge base In an Al program is typically an autonomous
component that can be directly modified, augmented or reduced by
Interactions with *he operations portion of the program, or
indirectly through the control structure. Knowledge i; often
stored in the form of rules, eépeclally in "expert systems”, In
sharp contrast non~Al programs typlically have rules contained
within the control structure of the program, making the knowladge
somevwhat inflexibie; such knowledge usual ly cannot be modified
wilthout physfcally rewrliting the program.

Encoded knowledge of Al programs tends to be of a3 symbolic
rather than numeric nature. Symbollc cperations appear.fo more
adequately characterize cognitive activities, such as problem=
solving, ptanning and deduction (Duda and Shortliffe, 1983). Al
languages have been developed with this data distinction in mind.
An example of a language designed specifically for Al appilication
Is LISP, which manipulated wordl ike objects (atoms) or groups of
atoms (lists) rather than performing operaticns on a col lection
cof data. |

Al programs emphasize "state" specific programming. An
action is performed when a specific set of conditions have been
fulfllled, and not necessarily in any particular order. The
control structure dictates what should happen in sach f'sfate' but
!t Is not necessary to know in advance when each state should

occur. Mon=Al programs dictate how the program wil! move from
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one stata into another, from ona moment to the next., These
programs are conslidered to be sequance oriented. For additlonal
general infermation concerning artificial Infelllgénce the
Interested reader Is raferred to Shortiiffe et at. (1979) and

Roberts (1671),
EXPERT SYSTENS

Somewhat paradoxically, it has proven much easier to emulate
the probiem=-solving methods of some types of sp.cialists than to
write more general programs that can approach a child's ability
to perceive, understand language, or make commonsense deductions.
Human experts are often distinguished by their possession of
extensive knowledge concerning a very specific domaln of
problems, It is this very speciflicity of knowiedge +that has nade
1+ feasible to develcp "expert system" computer pregrams (Cuda
and Shortiiffe, 1983).

Expert systems are a subset of Al geared to prodlem solving
In 38 restricted domain o¢ study. Expert systems take advantage
of the experiences, knowledge, and "rules of thumb" of experts in
a speciflied domain and call upon their expertise to sclve
problems, ajor components of an expert system are the knowledge
base (composed of modular knowledge sources) and the inference
mechanism which manipulates the knowlaedge contained In the
knowledge base, Performance of these systems is highly dependent
on the depth and structure of the knowledge base,

Classification programs tend to be the simplest and tha nost
successful expert systems (Cuda and Shortliffe, 1983). Expert

ccnsulting systems have been built that can diagnose dlseases
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consulting systems have deen bullf that can dlagnose aiseases
(INTERMIST, NMitler ot al., 1932; MYCIM, Shortiitfe, 1676),
evaluate potential ore deposits (PROSPECTOR, Duda et al., 1979)
suggest structures for complex organic chemicals (DENDRAL,
Lindsay, et al., 1980), and conflgure VAX conputars (R},
teDermott, 1982). Classification programs tend to be the
sinplest and the most successful expert systams (Duda and
Shorttiffe, 1983). Requirements for developing successful expert
systems include: the existance of at least one acknow!ledged
human expert that the expert's knowledge is based upon speclal
know! edge, judgment and experiencethat the expert{(s) can explain
their approach to problem solving Ian their particular specialty
area; and, for successful Implementation within the current
state-of-the=-art, a narrow and well-defined area,

Human exberfs. however, go much more than just solve
probtems, Their activities are typlically characterized by a wide
range of behaviors with problem solving only being the mostT
evident, Experts are also able to explain results, learn and
restructure their knowledge, and, perhaps most importantiy,
determine the raléfive importance of different elemants within a
given situation., Flexibility of intelligence In an expert system
Is largely derived from the range and levels of rules it
contains. A large number of rules is typically necessary bdecausse
the program can be faced with a wide range of situations. Expert
systems have already been developed which can spproximate an
expert'!s performance In reaching a conclusion (Duda andg
Shortliffe, 1983)., However, nuch research is needed in the zrees

of machine leerning and xnowledge restructuring.
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Important operational characteristics found in many expert
systems include the ability to: predlict outcomes for events in .
their IImited domain; utillze various types of data in reaching
concluslions modify thelir knowledge base when confronted with
confllicting assertions and "explaln® their tine of reasoning by
providing the user with the pieces of knowledge used in reaching
a8 conclysion. This ability to "explain® a line of reasoning bhas
been important In user acceptance of these systems. In essence
I+ adds what Nalisbitt (1984) refers to as "high touch" to Al high
tech approach., Another key characteristic affecting user
acceptance of a computer system's results is the user Interface.
It Is noteworthy that expert systems are almost always programmed
with user Interactions in mind (geélogisfs speak as geologists,
chemists as chemists, atc.). Ingeed, "naturatl |anguage"
processing is an important area of Al research and this greatly
enhances the |lkellhood of improved user Interfaces in future '
systems,

Additional introductory material éoncerning the development
of expert systems can be found In Duda and Gaschnig (1981) and

Stefik et al. (1982).

REMOTE SENSING APPLICATIONS OF ARTIFICIAL INTELLIGENCE

One could probably find as many potential applications of Al
techniques to the field of remote sensing. The focus of this
discussion will address earth resource survey applications of
remote sensing, Furthermore, our emphasls is upon image oriented

data analyses.

10
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Among generic Al research areas of special interest are:

o vision, perception, and pattern recognition
o problem=-solving; and,

0 information storage and retrieval,

Less contral, but also of interest, are automated speech
recognition and synthesis., These topics are being investigated
as ameans to allow volce data entry by image analysts (Lukes,
1983).

v | ‘ Some remote sensing applications appear especially well
sulted for potential use of Al techniques. WYe will discuss
three broad and somewhat overlapping applicaticn areas, Our
discussion is of the use of Al In these appllcations areas Is
necessarily somewhat speculative by necessity, given the present
lack of examples. Application areas discussed are: Intellligent
"onboard" processing advanced data base query and interrogation,

and automated Image analysis.
INTELLIGENT ONBOARD PROCESSING AND ANALYSIS

Even current remote sensing platforms must often accomplish

a great deal of onbaocard processing 'e.g. recording and
transmission of Imagery to ground stations)., When the piatforms
are unmanned satel lites thls processing usually must be
accomp!ished in a semi-autonomous manner, This is especially true
for piatforms containing sensor systems which are travelling In
bdeep space, But even In earth orbit significant benefits could be
@ obtained from more in?elllgenflonboard processing,

Examples of advanced onboard processing include: automated

‘ N 11
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navigation and locating of scenes to be Imaged; screening of
conditions that might influence qata collecf!cn, and; autcmated
change detection, Data compression could also fall Into this
category |f adaptive procedures are used to select optimal
compression parameters or techniques.

An exampie of research oriented towards intelligent onboard
processing Is the Feature ldentification and Location Experiment
(FILE), which flew on.fhe se:oﬂd Space Shuttle mission Siivertson
et al., 1982), The FILE is a system designed to test techniques
for reali-time autonomous classlification of four primary earth
features: water; vegetation; bare land; and cliouds, snow, and
lce,‘c!ouds snow and ice are conslidered one category on fiie as
all of these features typically exhibit high reflectancs,

The FILE system senses earth radiation in two spectral bands
(red and Infra-red bands centered at 0.65 and 0.85 microns,
respectively), Real-time classification decisions are made by
the Instrument based on a predetermined partitioning of the two-
band measurement space., Viewing angle factors (solar zenith
angle, solar sensor azimuthal angle, and sensor vicsing angle)
are accounted for by a sunrise detector subsystem and specific
viewlng angle assumptlons, Variations in atmospheric conditions
are present!ly not directly accounted for; however, a ratio
taechnique Is used that to some degree minimizes atmospheric
effects.

An obvious application for a FILE-type system would be for
onboard data acqulisition decisions to be based upon cloud cover

condiflons, General or location specifl¢c thresholds could be
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used as a basis for the system activation of an imaging sensor
system. A more sophlsticated version could evaluate atmospheric
haze conditions based on a combination of information from
additlonal sensors and through the Interrogation of ground
stations, criterla,

Given Information of approximate platform tocation and
orientaticon parameters, iIn conjunction with a reference Image of
the area involved, an advanced.systems could perfqrm automated
Image cross~correlation. The calculated offsets could then be
used for precise navigation and scene selectlon purposes (perhaps
using pointable sensors) or as a baslis for an onboard charge
detection system (using image differencing techniques!. For
chaage detection purposes further processing would, however, be
required to separate changes due to natural phenologic cycles
from those caused by unusual episodic events, but the potential
benefits of an Intelligent data acquisition system such as this

appears substantial (Freitas and Glibreath [eds.]. 1982).
DATABASE QUERY AND INTERROGATION

Management of Iimagery and other types of spatial data can be
critical to remote sensing projects. As spatial data sets become
larger the tasks Involved ir processing and analysis become more
difficult and often more Important, Among the key tasks of
remote sensing database management are: identifying existing
remotely sensed data germaine to the tTask; ldentifyling existing
collateral data; selecting what new data is required; and,
providing user friendly interacticn. ‘lhen remote sensing\and

other types of.spaflal data (e.g. maps) are integrated for

13
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analysis It Is commonly done within the framework of a geographic
Information system (GIS). it Is typical for a GIS to offer some
levei of database management capabilities. Few exlisting GIS,
however, have database management faciiitlies comparable to those
of well established commerical database systems (Blaser [ed.]
1980, Klinger et ail. [eds.], 1977). Commercial applications of
database management systems (DBMS) have been extremely successful
In banking and other accounflné orlented applications. It is In
these types of DBMS that most of the advanced work has been
accomp !l ished. However, these commercial ly-oriented are not

easi |y modified to serve In spatial data manipulation., As a
result, the development of advance spatial data base management
systems has suffared and indeed manv existing G!S packages do not
aven exploit the current level of DBMS scophistication.

For some time, database systems ftechnology has been an
actlive area within computer science. lIntelligent retrieval from
databases has also become one of the major research topics within
the artiflicial intel llgence community (Nilsson, 19860). Some of
the most advanced DBMS offerings now Incorporate Al technigues in
their user Interfaces, permitting |imlted natural |anguage
intereactions (e.g. some can respond to IImited vocabulary in
spoken English).

I+ has recently been suggested that GIS technology may stand
fo significantly gain should certalin methods from database
systems and artificlal Inte!ligence be incorporated (Estes,

1982). An excellent review of these toplcs Is presented by

Pazner et al, (1983). Stressing the urgent need to Improve GIS

4 14
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technclogy, Pazner notes that it is spatial datasets in general,
and the very large georsferanced databases In particular, which
stand to benefit most from the Incorporation of Artificlal
Intel | igence techniques., Pazner goes on to say that "Que to the
considerable complexity of handling very large databases, and
spatial ones in particular, it appears tnevitable that Al methods
shal!{ be Integrated into GiIS systems in the future."

There are three obvious ways by which Al-based D3MS
methodologies may improve future GI!S performance:

o approved user Interfaces to faciliitate user
interactions with fhe‘sysfam

] Increased efficlency for querying and alferlng data
accordling to the user's needs

o) general enhancement of capabilities to allow
the system to answer a wider repagrtoire of '
questlions about the data as well as about Itself
The Interested reader Is referraed to the review by Pazner et
al, (1983) for a more detalled discussion. As an ocutgrowth of
this work researchers at the Universlity of California are
currently deVeloplng a prototype GIS which incorporates Al
techniques. The system being developed under the direction of
Drs. Terence Smith, Donna Peuquet and John Estes has an advance
structure with pérallel objJject and attribute frees. The systen

has the capability to learn from queries put to It by users.
AUTOMAT D IMAGE ANALYSIS

This sectlion examlnes the potential application of
artificlal Intellligence techniques to automated Image analysis

tasks from the perspective of esarth resources remote sensing
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applications. As background we first briefliy compare and
contrast the current status of human and computer-assisied
approaches to Image interpretation based on research by Estes et
al, 1983 and Tinney, 1983. A brief review of autcmated lmagev
analysis procedures Is then presanted ftc demonstrate the recent
trend toward procedures which more closely mimic those of human
analysts.

The tasks of both a human Image interpreter and automated
Image Inter-pretation are basically similar, nameiy detection,
ldentiflcation, measursment, and problems solving (see Figure 2),
In most image interpretation problems of Interest to geographers
computer-assisted techniques currently lag far behind human
techniques In terms in both speed and accuracy. Continual
Improvements in computing hardware, especially lower cost array
processor well sulited for image processing, are rapldly improving
the speed of computer-assisted image analysis,

Substantial Iimprovements In accuracy, however, may not be
possible without fundamental changes in the structure of
automated procedures.

One of the most signiflcant contributions to date of the
computer-assisted approach has been some necessary focus upon the
basic elements and processes Involved in Iimage Interpretation,
Because al |l Image operations must be explicltly specified for a
computer program It has been necassary to move away from the I} |-
defined "gray box" mode of operation ail too often prevalent in
discussions of human image Interpretation processes,

Eariy automated work emphasized pattern recognition

approaches, A substantial subfleld has develogfed within computer

16
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science aimed at developing the abllity of computers to
"recognize" patterns of data. When these techniques were first
Invented, the mathematical elegance of the basic ideas was so
attractive that many early researchers were overl; ambitious and
optimistic about the general utility of the techniques. It is
now recognized that pattern recognition methods alone are
Inadequate In situations which require awareness of context or
fﬁe use of knowledge, characfeélsflcs common to most interesting
image analyslis problems. The Al field has addressed these types
of problems and the techniques already deveioped promise 1o
substantial ly change our automated procedures; In many instances
these changes will result In techniques similar to those employed
by human Image analysts, thus acceptance of these new techniques

should be rapid once they are more fully developed.
IMAGE ELEMENTS

The primary elements of Image interpretation (fone,texture,
site,etc.) appear common to both human and computer-assisted
procedures., (Figure 2) Thelir current usage, however, Is
dramatically different, Each of the elements can readily be used
by Image analysts In performing their tasks. In contrast, most
automated remote sensing Image analysis Is based on tone
or color exclusively (here we are considering multispectral
response as an extension of color) (see figure 5), This seems to
be the result of an overiy focused pursult of the "multi~-spectral
signature” concept and the relative simplicity of imnplementing

Ysingle pixel" mul tispectral classification algorithms using

17
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statistical pattern racognition techniques. At some point, and

hopeful ty soon, the remote sansing condu.. .,

; 138488 TO recs_iniz.
the limits of the multispectral concept and pursuz o afoa;,r
based approach to scene analysis.

Various procedures have been developed to incorporate
additional elements but only texture and site currently appear to
be used on an operational basis. As used in automated analyses,
however, textural features tend to be simplistic representaticns
that certainly do not capture all of the spatial Information that
human Image analysts refaer +o as "texture",

Factors relation to site typically are used via
stratification techniques and/or class a priori probabllitles,

Automated use of other Image interpretation elements appears
to have been demcnstrated, If only on a limited basis. Related
to site as 8 locational element Is associaflong/conféxf. Several
recent examples of "contextual" classification make explicit use
of neighboring pixel characteristics, thus incorporating some
level of associatlion (nformation, Various "region growlng"
algorlithms have been developed that could allow region sizes to
be determined and used as a discriminating variable. Shape lsla
very difflcult element to Incorporate but methods have been
deflned to use shape albeit on a limited basis to date (e.g., via
a syntactical classiflier, to be discussed later). Cloud and
shadow relationships have been used as a basis for detecting
clouds; the use of additional sun angle Iinformation could be used
to determine cloud height. It should be stressed that even

though use of most elements has been demonstrated, many examples

entall only a small aspect of each element's total infermaticn

18
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content., And the majority of current computer-assisted Iimage
analysjs still relies solaly upon single pixel multispectral
response (tone/color),

Edge detection and segmentation are two procedures growing
Iin use in the computer-assisted approach to image interpretation.
The necesslity of using these proéedures to define some elements
(e.g. size and shape) identifies a possiblie gap or illogical
structure In our set of basic élemenfs 8s currently defined for
human Image Interpretation. 1t seems likely that a hierarchy of
elements and operators exists, Even more dlsfurbing is that some
of the texts on Image interpretation present different sets of
baslc lnferpfefaflon.elemenfs; Imagine :stemistry wffh a shifting
set of basic chemical elements! [+ is clear that the basic
elements o% Image Interpretation need to be carefully réviewed

and defined.
TRAINING AND LABELING PROCEDURES

Scene specific labeling and training by example is widely
used in multispectral pattern recognition, Little "signature
extension" capability, (the effecflvé use of training or labelling
data from one scene for another scene), has been demonstrated.
This Is largely due to environmental variations (e.g.,
atmospheric conditions, éllmafc zones, etc.), Tralning b9
example Is directly analogous to the use of Inter-pretation
"keys" by Image analysts. Currcnt diglital pattern recogniticn
techniques, however, are not as flexible as those empltoyed by an

analysts, who can mentally account for sllghf temporal offsets,
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atmospheric variations, and other factors that are beyond the
capaplility of most computerized algorithms.

An alternative to scene specific ftraining or labeling Is the
development of a mathematical model protfraying the object or
phenomenon of interest. Recent work by Badwar (1981) ciearly
demonstrates this approach using multidate sets of Landsat
imagery for crop identification purposes, 8adwar has developed
crop specific mathematical models of "greeness" (3 transformation
cf Landsat dé?a indicative of plan+ biomass) through ftime. Curve
matching techniques are subsequentiy used which allow for some
temporal offsets (signature extenstion in the temporal domain).
This approach appears to perform well for a variety of
environments (spatial signature extension)., The mathenatical
mode| approach appears somewhat analogous To the perceptual
nmodels employed by human analysts, although no decuctive

rzasoning is explicitly Incorporated,

I HCORPORATING COLLATERAL DATA

Collateral material may be used for computer-assisted image
analysis In baslcally the same ways usad by Image analysts,
although the methods for incorporating such aata cre less well
Jevelopsd, Hutchinson (1982) and others have systematically
e, vorsd The VLrSicus L8 wnsrss, LCth discraets (s.g. sclls
maps) and continuous (e.g. terrain slope) collateral cata mey oo
incorporated Into pattern recogniticn algoritams. fwplicit iIn
some of these methods is the use ¢f ccl lateral data ine

geographic information system framework that allows simple lojic

-~ 20
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the development of anaiysis procedures that extend beyond simple
pattern recognition and into the realm of symtolic or logical
reasoning techniques which are characteristic of Artificial

Inteiligence.

CLASSIFICATION TECHM!IQUES

Avaliablie classification technigues has evolved
substantial ly since the first dlgifal ciassification algorithms
were developed. However, many of the original algorithms, are
still widely used due to the computational complexity of more
advanced techniques. The fol lowing section compares various
approaches to multispectral classification focusing on their
strengths, [ Iimitations and future applicabllity to advances in
computer-assisted image analysis. The classificiation approaches
examined are statistical pattern recognition, syntactical pattern

recognition, and symbolic reasoning.

Statistical Pattern Recognition

The mos+ common computer-assisted classificafion.procedure
is also among the most primitive; what Is often termed
"statistical pattern recognition” makes use of training data to
characteriza patterns of intarest in some statistica! menner.
This decision-making method has been found fto be most effective
in two Types of problems (Raphael, 1976):

1. Classification of complex signals when the proper features
are measured and the number of dimensions are kept small

(typically less than ten).

2. Recognition of simple shapes.

21
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One result of this Is a major effort toward3 optimal
A representation and featurs extraction (a.j. ,band selecticn anc
various transformations, such as a principal ccmponents, directaed
towards dimensional ity reduction). As noted sarller, however,
pattern classification methods alone area virtual!y useless In
situations which require awareness of context or the use of
pertinent additional knowledge.

The use of declsion tree structures [s sometimes used to
improve classiflication results. This Is often termed the
"layarad” approach to classification. This approach clearly
implles the use of higher order, hsirarchical decislon making
procedures, Thé intagrated use of image analysis In a geographlc
Information systems context has provided a majer impetus to this
approach (Hal lada et at., 1381). In many instances it is
possible to implicitly Incorporate high order inference rules
Into a tree structure. That thls approach typically requires {he
sometimes tedious construction of a new tree structure with each
new problem or data set has |led to movement towards proceduraes

that make more expliclit use of inference rules.,

Syntactlical Pattern Recognition

From the study of languages comes another slightly higher
order procedure termed gynfacf!c pattern recognition,
Convehflonally, a language Is defined as a set of strings over an
alphabef; where the alph-bet consists of the set of all symbols
which can appear In the language strings. Absfrtng is a definite
ordered sequence of symbolis. A grammer is a set of rules which

define how the strings of the language are formed. A grammar can

-~
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be used to recogrlize the language's strings by using the rules in
reverse order. This concept can be generalized in a number of
ways to define grammars for classes of images. This approach has
been most widely used In image analysis to recognize shapes based
upon order of component parts. Syntactic methads have been used
for tocating highways and rivers in Landsat images and for

texture moJeling.
SYHBOL IC REASONING

It seems appropriate here to emphasize the necessity of
exploring the development of symbollic reasoning procedures that
employ formal Inference. It Is interesting to note that this
approach to Image analysis Is being vigorously pursued by
computer scientists interested In computational approaches to
"image understanding™ (3rady, 1982). Much of this work has been
conducted under the Defen;e Advanced Research Project Agency's
Image Understanding Program. Although most of this research Is
directed towards high resolution panchrcmatic Imagery, the
techniques are analogous to thase employed by human analysts and
will probably need to be pursued If substantial progress is to be
made at extracting the inherent Information of higher order Image
elements. Although these technigues are not presently
Incorporated within the field of earth resource remote sensing it
appears likely that symbolic reasonlng approaches, or sone
derivative thereof, will evantual ly dominate compufer-assléfed
image interpretation.

In 1975, the Defense Advanced Research Project Agency

{DARPA) Initiated a major research effort called the lmage

3
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Understanding Program (Druffei, 1979), This program was the
direct outgrowth of an earller effort called the linage Processing
Program through which research in image enhancement, image
restoraticn, encoding for bandwidth compression, and visual
system modeling was sponsored. A major purpose of the Image
Understanding Program was to investigate the use of a priori
knowledge to faclllfﬁfe an understanding of the relationships
anong objects In a scene. Prlﬁary thrusts included smart
sensdis. lconics (visual phonetics) and symbollc reprasentation.
Potential applications of image understanding research are
discussed In Druffel (1979), Duda and Garvey }1980), and Lukes
(19815. An excellent overview of recent theoretical developments
in the program Is provided by Srady (1982)., Brady identifies
some common themes that appear to have crystalized over the past
decade as fcl lows: representations have been developed that make
explicit the Information computed by a module (most modules do
not work on raw data, but on computed representations, e.3. edge
Images); the mathematics of Iimage understanding are becoming more
sophisticated; localiy parallel architectures have been
developed; attention has shifted from restrictions on the domain
of applica+ion of a vislon system to restrictions on visual
ablfities, with current concentration toplcs corresponding to
identitlable modules In the human visual system; and, there are
growing links between image understanding and theorles of human
vislon,

image representations are discussed In some detall by Ahuja

and Schacter (1982), who stress the importance of the caencept
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using the framework of an "image model"., They distingulish
between low~-lavel models that provide concise abstractlons of
spatial variations (e.g. auto=-correilation function, variogran,
mean, gradient, etc.) and high levael models that Invo: 'e highly
semantic descriptions and a large degrese of outslide of a priori
know!ledge about a scene to augment the raw data,

Of the many discipliines closaly related to Image
understanding, four appear of particular intersest to the computer
sclience community: Image processing (image transmission,
storage, enhancement, restoration), computer graphics (display of
visual finformation), computer-alided design and manufacture or
CAD-CAM (requires attention to surface representation), and
pattern recognlflon; Pattern recognition historically Is the
area most closely related to image understanding. 8rady (1982)
ldentifles the most significant ditferances between pattern
recognintion and image understanding as follows: pattern
recognition systems are typically concerned with recognizing the
input as cne of a small set of possibilities whereas image
understanding aims to construct rich descriptions that cannot
be anumerated in advance but need to be constructed for each
individual Image; pattern recognition systems are mostly
concerned with two-dimensional Images; image understancing has
dealt extensively with three-dimensional Images; and, most
significantly, pattern recognition systems usually operate
directly on the image while image understanding and indaed most
visual processes opaerate not on the image but on symbolic
representations that have been computed by eartier processldg

(e.g. edgs detection).
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It seems apparent from this review that Al-based approaches
offer a logical means to pursue more advanced Image analysis.
Mot so clear are the speciflic tasks and limitations associated
with this approach., The following section addresses some of

these Issues.
DEVELOPING Al ASSISTED IMAGE ANALYS!S SYSTEMS

Developing an Al-based lmége analysis systam Is a complex
task typically requiring years of effort, Ailthough development
perlods have been speeded up with the advent of new "knowledge
acquisition™ tools, the development of a successful expert system
Is still considered to fall In the two year-plus range (Davis, |
19682). Image analysis Is one of the more difficult areas for
which Al techniques are being applied,

The field of Al Is sfill relatively small, thus there is
goling to be competition for the |imited amount of knowledge-
engineering expertise., Recent successes In Al are still more
promising than productive, but the promise for improvement has
brought about a great deal of interest by discipl!ines that are
comparatively "rich" when compared to earth resources remote
sensing (medicine, defense, petroleum, etc.).

The computational resources considered necessary for
developing Al systems Is also different than those typically
avallable for remote sensing. Speclialized languages such as LISP
and PROLOG are strongly preferred by most Al researchers., Even
speclalized hardware (e.g. "LISP machines") Is becoming available

t0 enhance the performance and development of Al programs.
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There is also the need to pursue only appropriate tasks
tasks to codify the knowledge base necessary for these tasks In
the systems. This will require substantial work and obviously a
critical review of how image analysts go about doing their job,
for It we cannot formalize how analysts go about thelir tasks we
cannot automate the procedure.

Al though difflicult, the process of automating image analysis
using Al techniques has already. begun for applications outside
the realm of earth resources. Among the initial systems In this
area are the ACRONYM system at Stanford Unlvefsify (Binford and
8rooks, 1979), the HAWKEYE system of Stanford Research Institute
(Bolles et al.,), and the ARGOS system of Cargegle-Mel lon
University (Rubin, 1978). A very gcod book discussing the
development of such a system has been written by Nagao and
Matsuyama (1981},

Finatly, special attention wiil need to be directed towards
those conditions that are perhaps somewhat unique to geography in
particular and earth resources applications In general. For
example, the uses of Al applications where a multistage remote
sensing approach combines data from |iterature and archives with
data from the field, and Imagery from sensor systems cover larger
and larger areas In a géographlc information system framework.
Indeed as seen above work which combines image analysis and
Infcrmation systems assisted by Al techniques is a major key to
the future of large scale remote sensing applications. These
potential Impleomantation issues suggest that the development of
Al-based systems within the remote sensing community will not

occur as rapldly as previous developments, The tasks ahead are
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both difficult and time consuming. Careful attention will be
required to assure the "rignt" tasks are automated and a proper

balance of man-and machine=-orliented procedures Is establ ished.

CONCLUS!IONS

Many of the techniques being developed by the artificial
Intel | igence community appear relative to the needs of ramote
sensing, From Improved classification performance to better user
Iinterfaces, the potentials offered by Al-based techniques are
promising and could ald significantly in facilitating more
widespread acceptance of computer generatad remote sensling
products,

As reviewed In this paper, the basic foundations of human
image ln#erprefarlén as currentiy practicad In earth resourcs
appllcaflcns of remote sensing are in need of critical review;
the basic elements are I!i~deflined and perhaps incomplete. The
development of better computer~assisted procedures for Image
analysis will require substantial efforts even after we better
understand our own procedures, Al-based procedures seem to be
appropriate for Improving Image analysis but conditions somewhat
uninue to our fleld will need to be carefully addressed,

As seen in figure 4, as aerlial photographic Interpretation
has evolved Into the discipline of remote sensing, the fleld has
become increasingly complex. Sensor platforms have moved from
tetherod balloons to orbiting satellltes, Sensor systems have
develcped from cameras which employ analog processes t¢ produce
photographs to electronic systems which digitally record images

of a glven scane. Analysis fTechniques have progressed from the
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use of manual Image analysls procedures to perform siample
ldentiflcations of objects or phenomena and their significance
from photography alone ¢f a small area; to the application of
machine-assisted analys!s in the model ling of complex processes
-woloying multiple data sources tor global surveys.

Tue readar nas onty +. .xémine the current edition of The
+anual of Remote Sensing to get a feel for this compiexity
(Colwell, 1983). Thls two volhme work of 2440 pages by over 200
euthors details the ranges of sysfems techniques and ‘applications
of remote sensing today. Yet, many of use in remote sensing and
many who want to apply remote sensing to thelir problems are
frustrated by +his compiexl*y of: what systems to choose from;
what times to col lect data or wvhere to get data; how to process
Itor; what has been done to It before the researcher gets 1t.
These are but. a few of the valid questions resaarchers or
applications oriented users may pose. There Is a need for ways
of helping the users of remote sensing data through this process.
What is needed Is a way to unlock the complex "black box" of
remote sensing and make thls hligh tech field more accessible to
the users such as regional, historical, cultural and physical
geographers who can make excel lent use of these data in their
glven research areas, As Nalsbitt (1984) would say, high touch
Is required. High touch must accompany high technology to
counter balance the normal human response to forced technotogy.

Cften. In the 1960's ang 1970's potential users of remote sensing

were "turned off" by oversell of this technology. This wuas
torced teachnology. Indeed *this situation is still occurring.
29
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Yet, in a subtle way, the increased application of techniques
from the field of Al Is a trend towards adding the high touch
required to increase the potentlal acceptance of remote sensing
by a wider variety of users, The work In expert systems and
natural language Is parflcutarly important here, This work is
sharing the process of acquisition, processing and analysis of
remotely sensed data easier and more understandable to users at a
variety of leveis of sophistication. This Al high touch can, in
effect, if properly Implemented, let geographers function more as
goeographers and less as |lIbrarians, communlcations speclialists,
computer sclentists, Image processors and so on., Al may Jjust
hold an extremely significant key to unlocking the potential. of
remote sensing for not only the broader geographic ccmmunity
specially, but for scientists aﬁd users In many other fields In
universities, government agencles and private industry as well.
Research on the applications of Al in remote senzing must
continue and be expanded.
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