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ABSTRACT

The Seminar introduces the concepts of geographic data struciures
which underlie geographic information systems. The cancepts cover
the geometric and topological properties of zoneg, netwark and
cellular representations,

To illustrate these cuncepts,-s'oma of the techniques for manipulating
and analysing geographic data are discussed. Indexing techniques for
the efficient retrieval of spalially-referenced data are dascribed.

The Seminar is designed for system analysts, programmers and
potential users of geographic information systems,
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baslc characteriscics: {a) the actual phenomenon or
characteriscie, such aos cthe variable, {ts clasaificeacion, value,
name. etc.3 and (b} 1icts spatial location ({i.e., that Ilecstion
victhin pgeographic space where 1t rtesides). lNowever, a thivd
characcervistie whieh 18 particularly relevanc to GIS systems is
that of ttime.

Figure 2. 1s a conceptual diagram of the relaticaship of these
three elements (i-e., locational data, nonlocaclional data
{orcribures), and time}. Frem this diagram, one can observe thot
management of spatial data can become qulte complex because
focacrional data and accribuote daca often change independent of
one apather with respect te time.

Therefore., offective sparial dacas menagement rtequires that
location data and nonlocatien dats he variable independent of one
another. That is to ssy that attribuces ¢an change eharacter but
retaln the same spatial location, ar vice veras.

In conceiviag of the overall satruccure of 8 data base for
geographic informatfon processing, it is useful to realize that
data management must otcur on both location daca, as well as on
nonlocat{on daca. D{fferent softwere and system designe have
called for handling chese two types of phenomena differently. In
someé cases, Llocaclan data i3 considered as an addicional
atkribuce assoclated with che peopraphic characterlsatlecsa. In
other syscems, the geographic location of a characteristic s
kept separately FErom che actual attribute phenomena adsociated
with that characteristic. The latter approach allows for more
flexibilicy, vith respecc o handling data change =--
specifically, change associaced with time.

Types of peographic data and its spacial representation within
G1S systems ~—- In general, there are three basie noctations used
for representing the spatial location of peographic phenomena:
points. lines and polygons.

Flpgure 3 presents a breakdown of seven types of geographlc data
techniques for spactal representation, as meantioned above. They
ara' (a) feature data; (b} merlal wpit information; {c} nerwork
topalogical data: (d) sawmpling data; (e) surface information; (f)
label text informatien; and (g) graphic symbol data. Graphics in
the chart {indicate how these seven data types are wmost commonly
portrayed using point, line and polygon locastional identifiers.

Points, 1lines, and polygons are most commonly defined on maps
using x.y cartesian coordinates such as longitudef/laticude based
on principles of Euclidean geometry. This cartesian coordinate
system {s the most commonly wused tool for measuring spatial
focatlion and analyzing various propercies of spacial location,
{ncluding measurement, ecc. Figure 4 shows conceptually how a
typlcal map wich poing, line, and polypon elements 1s expressed
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in carteslan coordinaces and subsequently rransferred to a X,y
conrdinate GIS File,

In addition to expresstion of geographic phenomenn wsing cartesian
coordinates, one can alsa use principles of pgroph theory
invoelving topological relatfoaships to express the relative
locaclion of various map elements. Perhaps the F£lrst and most
commonly wused GIS system applylng graph theory to maps i called
Dual Ipdependent Map Encoding (DIME) and was developed by the
U.5. Buresu of the Census. DIHE is actually a combined x,y
caordinate and toprlogical encoding system. The DIHE system
{avolves topologiecally sctructuring the graph elements of o map
(1-c., nodes, line scgments, and polygona). DIME alsc allows for
incluaion of x,y coordinates associaced with the node points or
intersections conneeting the line segments bounding polygen
areas. Figure 5 shows how a typical polygon/necwerk map can be
abstracted inco 7 nodes, 11 links or line segments, bhounding 5
basic polygons- By numbering cthese links and assosiating them
with nodes as well as polygons on the right and left, a basic map
nactacion system can be derived. By adding x,y coordinate encoding
at each of the nodes, one has a dueal system for cpacially
identifying all elements of & map. Tnie facilitaces not only
analysis using x,y coordinates bur also use of wnathematics
assoclated with  graph  theory  Involving network, spacial
aggregation, dropline, ecc.

Tapological queting defines a location of geography phenomena
relative to other phenomena, but does not require the use of the
concept of distance in defining these relationships. Therefore,
it is cotally possible to have a spatially defined map without
coordinactes entirely.

A second cechnique which also applies certain of the relationship
principles {involves the use of o grid mesh te define a regular
but arbitrary polygon Framework for ™"holding" geographic data.
The grid technique {inherently involves association wich a
coordinate system, but it does not necessarily require precise
assoclatien. Grid uses on {,j matrix for represencing varigtions
af peography to rthe computer. Figure 6 1llustrates how an
original polygon map overlaid on o grid can be abstracted into
row/column values expressing geographic variacion.

In summaty, there avre baslcally tve methods for spatinslly idencifying
this information. The first is to use actual measurements in the forn of
x.y coordinates. The second invelves defining geographic phenomena by way
of polnt and 1line relationships, netvorks, palygon adjacencies, and cell
contigulcies- These are graphically porcrayed in figure 2.
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Automation Technigques for Locational Data

There are seven basic technlques used For spatial idencificatfon

geographic data. They include the folleowing:

1.

2.

Encoding of geographie data te cells;

Topologleal coding of nodes, line segments, and poalygons (DIHE
system);

Input of survey deocuments;

Hanual entry of polnts, lines, and polygons using manuasl
digitizer;

Automatic entry st time of date eaprure:
Automatic line following techniques; and

Optical scanning-

Thrsa technfques are described below:

Cell enceding - HManual encoding of cellular data involves a
process wherein each point within an overall grid is enceded by
observing che dominant feature within a given cell, wricing it
onto 8 coding form, and subsequently key antering the coding form

inte ap automacted file wsing a keypunchiong technique (see figure
7)-

Topological coding of wmap features - This effort agatn involves
manual coding from the wmap of the relaclonship of each point,
line and polygon to each of its adjacent neighbors. For example,
each 1lime (link) 45 assigned 2 nodes which are its end poincs.
Also each link is assipned the pelygon which is at its right and
lefr sides. In chis wmanner, =all graphic entities are fully
documentced, key entered, and edired for finmal correctlons.

Taput of survey documents - Input of gurvey documencs 1s
typlesliy dope through cthe manual key entry of key x,y reference
pofnts, bearings, and distances relative to specifie features
desired for encoding- This rechnique is often used for entry of
ownership howndaries, roads, buildings, etc. The process involves
the use of coerdinate pgeometry techniques which have been
deveioped especially for entry of the survey documents and
generation automatically of assocliated cartesian coordinates.

Hanual digitizing using a diglvizer - Hanual digitiziag teehnlque
involves che use of an clectromagnetic, electroscacte device
called a digitizer. The digitizer converts movements of a cursor
or "poinc locator" into elactrica)l identifled locatlions which are
read directly into the computer. Digitizers are usually deslgned
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to he very accurace and can be programmed with a ninfcomputer to
capture data In varying formate of pointa, lines, and polypons.
The digltizer can record che positlon of cach potnc, 1line, or
pelygon in  either a point by point mode ar by a continuous mode
Incremencing by time or by distsnce moved of the cursor on the
digitlzer table. Figure B ljlustrates a comman manual digitizer.

5. Automatic entry devices - This technology actually refers to a
variety of emerging technologies and instruments which directly
capture automated spatial locatlien at the time vwhea ocher
geopraphie data 1{s recerded. These range in magnitude From
sacellites sueh as Landeat and related image processing
technology to digital plotrers, geometric equipment, and "aute
surveying" devices which capture coordinates as they pass over
cerrain.

6- Automatic lime Following - Seversl hardware manufacturers have
produced laser driven sutomated line following devices which are
used ta scan off a continuous string of coordinates asassclasted
with 1ltnes on & wmap. Although these scanmers have some value,
they have not proven to bhe overly economical at this cime.

7. Scanning ~ Automated scanner technology typically operates in the
form af rascar scan measuring binary (on/off) positions
representing the poincs, llones, polygons, and ctextual data
appearing on a map.

Subsequent to this raster scan 18 B raster-te-veckor computer
processiang program which converts the bimary information into
topologically correct veetor cype informatlion. At this cime, the
technology in this area s new and is only being used 1in a few
locations.

PFrocessing/Editing Techniques for Locational Nata

All of rhe automation techniques described in the previous section
involve a subscantial amount of processing and/or editing subsequent to the
intrial data eapture. Beeause these procesges and steps are extramely
system and technique dependent and vary considerably, only an outline of
the basie steps of the processes is presentced.

1. Plottlag or princing out of digicized or coded data for visual
edicing-

2. Topological checking of the digitized data to inBure correctness
within the data set;

3. Splincer removal when wore cthan one line has been captured to
represent the same vector on the map:

4. Handling of "donut type polygans":

5. Polygonizatlon ol arc information into polygons;

6. Editing of %x.y coordinate data (both Interaccively and batch
modes) - and

7. Edgewatch analysis.

In che case whare are data is encered, the editing and processing
activity may include things such as creation of topologically correct data
struccures {ncluding avtomatic left and right labeling of arcs hased on
codes assigned to centrold date assoclated with a polygon file.

Hankpulation Techalques

Thia section describea the various analytic funetions and data
processiag funccloas that can be performed on spatially nutomated daca.
Within chis sccrlon, the actwal Ffunction 1s descelbed in & narrative
outline and referenced to a pictortal represcntation of conceptually how
2ach function Ls performed. Mo attempr is mode to describe these Ffunctions
in detatl as different softwsre systems approsch the eolution using
aleernatlve types of alpgorithms. Alternatively, emphastis is placed on
defining the actwal function which {a belng performed. 1t should be
mearioned that these deseripcions are. meant to be tepresencacive ond there
will he oxamples lefr puc.

l. Data HRetrieval -- This series of techaiques involves the basic
extraction. query, and BHoolean manipulaction of informacion
coatained in an organized geographic information system. Figure 9
describes the following daca rerrieval functions:

a) Hrousing ~ This task vould consist of setting up a CRT
and brovsing throwgh the graphic and nongraphic data
files assoclated with varlous wmaps and groupings aof
maps.

b) Windowing ~ This function calls for the abilicy to allow
the wser to specify windows (elcher by x,y coordinate or
ctextual information). Spatlal data base management
typlcally calls for the organization of map sheets 1into
some {orm of modular relational structure allowing
thereby the {llusion to che user of a continuous map
being concatned within the computer.

€} Query window pgeneration - This funecion invelves the
abillity to generate poincs, irregular shaped polygons,
squares, circles, and corridors for Interactively
overlaying with data planes contalned within the
geographic file. These windows are typleally used to
perform sparial (coordinate) retrleval of points, lines,
and polygons from various map layers which coinctde tn
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d)

e)

space wicth chease generated query  windows. Three
teehniques are used In extracting informacion (rom
layers nssoclated wvicth these generated query windows.
They are:

(1) Adjacency annlysis {i.e., selection of apecific
polnts relotive to o glven poinc)y

(2) Poinc and polypon retrieval (i.e., the selection
of 01l polnts, lipnes, or polygons falling
entlrely vithin or parcially within cthe query
window): and

(3} FPolygon overlay (f.e., selection of enly those
portions of peogrophic encities which Eall
within the boundaries of che query window
palygon}. In this case, all lines as well as
pates of polygens which fall outside of the
query window are snipped off waing the polygon
overlay routine.

These query windows are typleally wused in asking
questions such a5 "Give me all polygans of the
harvestable rcimber falling wvithin the query window “A°
{a user speclfied polygon}."

Hultiple map sheet spatial gquery - Frequently, the
spatial query vhich is being conducted (i.e., deseribed
above) 4s belng done over multiple wmap sheeca.
Thercfore, the data retrieval software must have wichin
it the abiliry to create a polygon which stands across
map sheet boundaries, extracts those portions of the map
sheet which are relevant to the query window, and
organizes the map elemenr data into a continusous wvindow
autaomatically. This is typically done 4in one or more
steps on the current software modules which are
available.

Boolean attribute retrieval and scacistical summary -
Thia function {fnveolves the abllicy to specify various
Boolean type criteria for extraction of information
based nan nongraphic actribute data. An example of this
would be "Give me all of the polygons of a certain type
of soll which have an area of greater than 30 acres, and
also produece a statistical summary of the polygon
acreages, perimeters, and thelr total."

it should he npeted chat most users wha have this
retrieval type capabillicy become most excited vhen chey
are able to conduct cthe guery type retrievals using beth
the locatienal window as well as the attribute query. An
rxample of chis would be “Give me all of the polygona



|- Eaglneering mapping syscems {typlcally a minicomputer CAD/CAH
system for applications such as photogrammetry, topographic
basemaps. road engineerlng, ucilicies, facility management, tax
mapping and land cadastrsl information, geodecic data, ectc.);

2. Property or parcel Information systems (typleally o mainframe
based DHMS system tao handle atetribuces assecelarted wicth the land

pareel):
&
3. Generalized thematie and stotistlcal mapplng systems {(typlcally <§b
on both mini- and meinframe computers and belng used for natural <§§
resource managemenkt, forest inventorles, vegetation, geology, GEQGRAPHIC DATA ) <)
seils, census mapplng, environmental plaoning and assessoent, : CST 41FP
etc. )y q,@
& ‘¢
4. Bibliographic systems which cataleog & variety of bibliographie . LOCATIONAL DATA NON-LOCATIONAL DATA 41¢
data sets about geographic documants; !
]
5. Geographie hase flle systems ossociated with street networks aond Measured Topelcaiaal p‘ﬁ ,,ﬂr!" J'l" o |1
the aerial units which they define (most common of these is the Ko location Location ot \0" _10\ Gl
(Relationall 4 (4 k

GBF/DIME-File system developed by the U.S. Buresu of the Census; :
and . . Ly | Neb- I
pont | ling |fhuon| Grid | norke| Sails| L Sand

6. Image processing systems (typlcally associated with processing of

: 3 As
Landsat and related sagellite image daca). + C & E @ : ?“ /
e 3 i Baanldss
of : -

anz

L LTSy

All of chese technologies tend to support very specific types
infarmat{en Eflows and 1informacion systems. It is not the purpose of this
paper to go into detall abour each of these 4{nformation systems, bug rather
to excract from all of these systems the generic type of technologies whiceh
are commonly wsed for storage, manipulation, and display of the data
contalpned within them.

Tt should be noted and strongly scressed that there ave orders of
magnitude in the difference in the accuracy of data among Cthese various
informacian systems. For example, engineering basemap systems typlcally use
higher levels of precision and consume greater overhead for describing wmap
features. Therefaore, . they are less practical for certain ctypes of
applications. Alse, the vendors of systems use varylng types of daca
management, spatial ddencificacion techniques, and approaches to the
display of informacion. No atcempt 1s made to disciogulsh ameng Cchese

he Fosder g better undetacand the ceracionships ond differences becusen FIG. 2 THREE CONCEPTUAL COMPONENTS OF
and among these various techniques and systems. A GEOGRAPHIC BASED lNFOHMATlON SYSTEM

Spatial Infermation Concepts

This section presents a serles of concepts wuseful to generle
definition of GIS components.

1. Baslc characteristies of spatial data ond 1ts management --
Geographic information Is most commonly thoupght of as having tvo



loaseliy to the overlapping scages of activicy involved in developmwant of a
reglon. stace, or nation.

Graphics. and more specifically maps, have historically been &
structure for most disciplines concerned with spatial apalysis. For the
past 4.000 years various cultures have used graphic symbologles to
represent spatially distributed phenomena. Graphics in the foarm of maps
have historically provided us with the vasful medium for record keeping,
concelving of ideas, analyzing concepts, prediecing the Eurure, developing
decislons shout peography, and finally, communicating opacial concepts to
athers.

Today. peographic information systems and cowputer graphics are
providing & similar framework far copducting spatial analysis. However,
there exists & tremendous gap between the levels of technology that are
avallable for geographic and graphiec analysis snd the various individuals
and orgaznizacions who need te use 1t. 1t is felt that io order rte asdvance
this cechnology {nto the application environment, 1t is necesgacy to
develop clear and concise information for GIS systems, the spatial daca
entities which they contain, and the vartious manipulstion techniques which
are possible from guch systems.

In developing this infermacion, it is useful to refer and keep in oind
the historical wmethods of manual mapping a5 & benchmark snd context for
developing a common spatial informatien lapguage. Therefore, chis paper
will from rime to time describe functions performed by automated techniques
in terms of this manual counterparc.

Why Use an Autcmated Sysrem?
Propanents of the automated geographic system technology point out a
whole series of advantages which are equmerated iw the litersture. They

include the Eallowing:

L. Data are maincained in a physically compact format (i.e., the
magnetic file).

I

Data can bo maincained and extracted ar a lower cost per unit
of data handled.

3. Data cen be retrieved vith much greater apeed.

4. Various computerized tools allow for a variety of types of
manipulation including map measurement, map overlay,
transformation, graphic design, and data base manlpulacions.

5. Graphic and nongraphic (t.e., actribute information) can bhe
merged and manipulated simultameously in a “relared” manner.’

6. Rapid and repeated analytic testing of conceptusl models sbout
peography can be performed (l.e., land
sultabllity/capabiiicy)- This faciiitates the evaluntion of

boch scientific and policy criterin over large aress in short
perioda of time.

7- Change analysis can be efffelently performed for two or more
different time periods.

R. Interactive graphic design and autowmated drafting tools can be
applied to cartographic deaign and production.

9. Cercain forms of annlysis can be performed cost effectively
that simply ecould oot be done efficlently 1If performed
manvally (i.e., digical terrain analysis, calculacifons such as
slepe aspect, sun lucensity, watershed, overlay analysta of
multiple sets of complex polygon map sheets, etc.)

10. There 1is 1n reseultant tendency to integrate data collections,
spatial analysis, and decision-making processes into & common
informatien flew context. This has grest advantages in terms
of effictency and accountabilicy.

Along with all of cthese advantages there are also a serlas of
disadvanrages that must be evaluated carefully before the user investsa in
the development or sequisition of sueh a system. They include che
following- '

|- The cost and associated technical problems of converting existing
peographic records inte an automated file (i.e., digitizing,
scanning, or related data conversion);

2. The large amount of technical as wall as financlal everhead uhich
is required te malntain sutomated files {i.e., computer, skilled
technicians, sofrvare maintenance, etc.);

3. High cost of inirial acquisition of systems; and
4. Marginal cost benefits in certaln applicatian areas.
Current Types of Systems

Within the past Eive years, GIS systems have begun to surface which
have real and practical benefit to o varlety of geographic problems. These
svatems are Jjust bepinning te be adapted to actual information flows and
processes within governmental and private organizacions. At this point, it
is a very delicate technology in the sense thac there has been considerable
{nvestment of varlous resources, and there is anly beginning to emerge
evidence of successful applicacions which make a difference.

At present. there are several categories of information technology
which etend to be assocfated with vendor or government developed
hardvare/sofrware systems. They generally fall {nto the following
cactegnries:



A CLASSTFLICATION OF SOFTWARE COHPOHENTS
COMHONLY USED TH GROCRAPHIC THPORMATION STSTEMS

Jack Donpermond
E£nvironmental Systems Research Insticuce
380 Hew York Street
Redlanda, Cnlffernia 92373

Introduction

paper is to provide a pgeneral context for

sof tvare components which are commonly ueed in
Grographic  Informetion Systems (GIS). This {a done by deseribing
graphically and with nacrative the gctual snalytic and date processing
functions which are commonly performed in GIS gystems. These funetions are
penerle in nature and ralate to no one Eystem.

The purpose of this
understanding the various

This paper initially presents a background of swhy these systems have
evolved. the basie daca rypes vhich are contained within them, and o scrles
of concepts ossoclated wvich spacial infermaclon language. Thie ts followved
vwith a description of GIS cecholques including: map automation and daca
hase creation- gnalycle mantpulation techniques; data base manipulation
techniques® and graphic manipulation techniques. Finally, a summary outltne
of the actual application of this technology 1§ previded.

Background

In the past 20 years, o host of professions have been in the process
ol developing automated tools for che efficlenr storage, analysis, and
presencation of geographic data. These efforts have apparently been the
result of increasing demunds by users for date and information of a sparlal
nature- This rapidly evolving technology has come to he kpown as
“gropraphic informactlon systems.” The uses of this technology ore vast and
cross qutting seross virtually all professions. This i{s well {llustrated in
Eigure | which is a macrix disgram Ind{cating the relationship betveen a

series of nelected responsibilities which normally involve che use of
grrographic data and pgeneral rtosks funetlonms mupported by geographic
Information &Gystems (l.e., walntenance ol geographic recorda, graphic
display sctatistical reporting, planning, managewent, and policy making).

The responsibllicles llgced from top to bottom of the chart correspond

1

Reprinted from Peuquet. Donna, and John O°Callaghan, eds. 1983. Desinn
and, Implementation of Compucer-Based Geopraphic Informacion  Syntems.

Amherst, HY: TGU Commission an Geographical Data Sensfing and Processing.
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Hap Generalization == Figure 10 refers to four basic cypes of map
generalizacion. This sgseries of generalization taols 1s most
froquencly waed when map scales are changed. They are deacrlibed

which fall in a corcoln vindow vhich are of a cortain
vegetation type and over a certaln size.” Typlenlly, the
outpuc of Buch o seareh Ls displayed graphically on g
sereen, printed out in alphanumeric form on a hard copy
unit. and if desired, plocted out on a ploccer.

balow:

a)

h)

c}

d)

Line coordinate thinning -~ This is a techoique for
reducing the number of coordinates defining a given
lina.

Dropline - This 13 a technique wvherein a polygon
boundary saparating cvo polygons of similar
characteriseies can be dropped and the remaining line
segmenty making up the two previously separate polygons
can be rejoined together to form a new polygon unit
comprising the area of che two previously separate
polygons. This I8 often a technique used in Inkegrated
Terrain Unit Happing (ITUH} whare mulriple attributes
are assigned each polygon and when sinple maps are
desired for extraction from the data base. To accomplish
this funcrion, a check 15 made gf rhe characterlstics on
the right and lefrt side of each palygon line segment cop
determine which line segments should be dropgped.

Edgematching = Edgematching consists of a series of
procedures for bringing together o large number of map
sheets and composicing them ioto one continuous map.
Problems which must be resolved are: joining lines and
polygons from adjacent maps, matching of the boundaries
hetween the maps, and dropping the lines vhich separate
polygons having cthe same characteristics. It should be
kept in mind chat although sutomated rtechniques are
ugeful in this exercise, baalc errors made on the
cartographic manuscripta input into the systems are
often the source of great problems in making clean
cdgematching occur-

Polypgon chinning - This is a similar exercise to Item
"2a" above, except cthat the problem !s somevhat more
complex because when doing polygon thioning, vertices
thinned for one pelygen must be cansistent with vertice
thinning on adjacent polygons; otherwise, llnes which
are shared in common will have sliver errors, gups, and
overlaps due to {ndiscriminate selection of the vertices
vhich can be dropped. Thinning of polygon arc’s Instead
of complete polygon entities can resolve this praoblem.

Hap Abstractlion -- Hap abstraction is closely sssoclated with map
generalizacton huc {invelves {ive different forms of technology.
Thede are graphically presented in figure 11 and described below:

o)

e)

Hap

Calculacion of centraids;

b) Aucomacic concouring from randomly spaced daca;
c) Proxlmal mapping (Thiessen polygons);

d} Reclassification of polygons; and

Canversion of x,y coordinate location data to a regular
and uniform grid.

Sheet HManipulation ~- Figure 12 presents a series

techniques which manipulate the x,y coordinates for a glven
sheec. They include che following:

a)

b)

c}

d})

S5cale change = This often 1involves usage of wmap
generatizacion cools presented in figure 10 in
conjunction with actual scale modification.

Distorcion  removal -  This is done both wusing
rebber=sheecing technlques a5 well &S linear
transformation.

Projection changes - Recent advances by the USGS and
others have resulted 1in software which can conduct
virtually any ctype of geographic coordinate and
projection changes.

Coordinate rotation and translation -~ This Eunction
involves the alteration of coordinate secs elther
through their rocation or shifcing s0 as to macch
correctly overlappimg or sets of adjacent coordinates
(including key reference points).

Buffer Generation -- Buffer generation involves the creation
nevw polygons from points, lines, and polygon features within the
data bank (see figure 13). Specifically from a gilvea point

serles

af
mnp

of

Qor

of polonte, eircular as well as sguare buffers can ba

caleulated. Likewise, from a string of points (i.e., o line} both

narrow

these line buffers overlap, new polygons can be formed.

Polypons can be gencrated boch around the exterior perimeter
exlscing polygon as well as wichin the interior of a polygon,
resulting fin a dual set of polygons measuring horlzontal distance
relatclonships relacive to a given geographie elemenc.

an

and broad buffers can be calculated and, in cases where

of
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FIG. 13 BUFFER GENERATION
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OVERLAY FOR
HAP COHMPOSLTE

MAF DISSOLVE

QVERLAY FOR
AREA CALCULATION

FIG.14 POLYGON OVERLAY/DISSOLVE

Polygon Overlay and Dissoive - Polygon overlay and dissolve

techniquaes involve the compositing

{tntegrating) or extracting

(dis-integracion} of multiple maps ({tvo or more) in order ta
create a ned data sec. These are shewn in figure 14 and described
below:

aj)

b)

c)

Heasurement -- The four most comman types of mpasurement

Folygon overlay for creating new files - Ip the cage of
polygon everlay, a new data set is created, containtng
new polygons cerested [rom the intersection of the
boundaries of che twe or more sets of geparate polygon
layers. In addition co creating new polygons based on
the overlay of the multiple layers, thess polygons are
assigned wultiple atevibutes {{.e., the atcributes which

were attributed to each separate overlay before cthe

composition decurred). The mathematical overlay of these
meps 16 performed for the purpese of area and
measurement, as well as mulciple attribute (mulciple
parameter) modeling exercises. This iavalves the
welghting of various parameters and thelr
aubclassifications d1n  order to ereate "model
interpretations”;” an example of such an interpretation
is the generation of land suitabilicy/capabilicy
assessments.

Hap dissolve - Hap dissolve function 1involves che
Loverse of polygon overlay. <Thar 1s, the ability to
extract from a wulciple accribute polygon file single
actributes, both by atcribute description as well as
locacional definitien. This function {3 che same as
shoun on figure 10 -- "Dropline." Dropline or map
dissolve can be done both "graphically" {in which ease
the line is deleced on the output map only) or by
actually alcering the file by dropping the coordinstes
of the line segment separating the polygons.

Polygon ovaerlays for area caleculatfon - A second type of
pelygon overlay 1Is typleally performed when the areas
for o piven data layer (for example, land use) need to
be calculated and summarfized within a second layer of
rolygoas such as census tracts. The resulting output is
the summary of statiscies (i.e., land uyse areas by
census rracts).

Involve points, Llines, and polygons and volumes. They
presented on figure 15 and outlined balow:

a}

Palnts = The two typical measurement  activities
assoclated with points are enumevation of total number
af peints and also enumeration of total number of points
falling wuithin polygons. The laccer technique involves
the uwse of a "point-in-palygon” roucine  which

tasks

are



effectively councs up  the nuaber of varieus typen of
polnts falling within selected polygon cypes (l.e.,

[=3%1

Fill

Cross Section

crime lncidents wichin pollce patrol districea).

b} Line muaserement -~ Two basic forms of line measurement
are point to polnt and weasurement along & curvilinear
Tina.

. c)] Heasurement of areas - The two baslc types of area
} measurement are: the area of a polygon and the perimeter
of a polygon area.

VOLUMES

| d) The fourth category of measurement tauvolves volumetric
measurement which 1s performed elther through a

Area

)
7

<)

crogs-sectlon  ctechnlque or through overlays of multlple
surfaces (1.e., Yefore groding, after grading, and
difference computation).

B. Grid Cell Analysis -— Figure 16 (llustrates five examples of
basic analytic activicies that are performed using grid cell
data. These techniques are similar to the types of map analysis
that are performed in x,y coordinare data structure but have more
generalized spactial resolution. It should be pointed out thact the
grid cell cechpnique for map manipulatlon is typically much wore

AREAS

Y- = —t

(Area)}

K erimoter)

{Straight)

{Curved}

BISTANCE

Total Humber

Paint-in-Polvgon

POTRTS

FIG.15 MEASUREMENT

effletent both in data storage as well as in the eperation of the

analyefc tasks. The five are described in the followlng pages:

a}

bh)

]

d)

Grid cell averlay - This Involves the development of
Boolean type map overlays in order to create compostite
maps- Typlcally, this involves the weighting of selected
classtficacions for mulciple map layers, resulting in &
numeric gurface of composice data, expressing the users
incerpretation. This surfaece is then typically displayed
using compucer graphics.

Area calculation overlay - This ts a simjlar cype of
poelypan overlay as was shown In Eigure 14, except cthat
lt uses a gridded cechnique, rather than a pelygon
cechnique.

Serarch radlus aggregatfon =~ This 1is a technique for
moving A eircle with a specified radlus across a grid
cull by cell searching out from pach cell. This routine
counts up the number of events, acrivities or related
geographic phenomena that fall within the circle
relative to esch grid cell and stores that coumerated
walue in & nev grid array. The output from such a
computation Is a frequency/accessihility array surface.

Distance calculation - This is a routine similar to the
previous one, In that, each cell {s examlned relative to
its sdjacency to other phenomena in  surroundlng cells.



In c¢his case, however, the computacion applied (s a

BOOLEAN MAP

MOQDEL
OVERLAY

distance calculaclion to the nearest event or pgeegraphlc
characteristlc which s defined by cthe waer. & typleal
application 15 calculation of che distance [rom emeh
cell to a stream network, roed network, etc. The output
from che analysts is the generatfon of a [file of
accessibility.

e} Opelmal corridor selection -~ This analysils involves the

AREA
CALCULATIONS
OVERLAY

computation of a least cost bectween two  polnts.
Specifically, a frviction surface {as computed avay from
the origin and also away [rom the destinacien. These
friction sucfaces are onumerical summarvies of cost based
on an original inpur grid of costs cowpured using the
grid welghted ovarlay technlque described above. This
original map {actually surface of grid data) expresses
for each cell the ¢ost to move scroes it. These costs
can be occonomic costa, environmental ceosts, social

AGGREGATIONS

SEARCH
ARADIUS

cOsSts, ece., and are summarized based on wmulriple
| parameter overlay. After computing the twa [riction maps
: (origin and desttnacion), cthey are overtatd and the

resuleing surface is an optimum route selection wich

gradient computacians of increased costs away from the
1 optimum.

9. Digical Terrain Apalysis — BDigicsl terrsin analysis Lavolves the
computacion of a wvariety of outputs from a digical elevactian

GALCULATION

DISTANCE
LACCESS)

model (see figure 17). There are wvarlous forms of digital
elevation models and therefore different forms of accual analysis
that can be performed. The following {3 a descripcion of the most
conmon of these analysas:

a) Visual display = These consist primarily of
cross=sections ond cthree-dimensi{onal views.

OPTIMUM
GCORRIDOR
SELECTION

b} Interpolation/contouring - Typleally, this invelves the
abiliicy to take random or regularly spaced darca,
generace a grid or other structured model framework on
which auromared contouring c¢an occur. Based on this
interpolated wmodel, a contouring program  actually
computes apnd subsegquently draws out the contour lines.

¢} Slopefaspect/sun Incensity - This Invelves primacily the
calculacion of slope aspect and in gome cases, the

FIG.16 GRID CELL TECHNIQUE

relacionship of this slope aspect te solar radiation in
the form of sun intensity-

d) Warershed computation - This lavolves the computation of
the watershed boundaries, drainages, topographic pics
and peaks and, {n some cases, this data (5 used to
campurte surface [low.




ey Vislbilicy ~ This analysis is primacrily used In

conjuactlon with determining what can be seen and noc

seen [rom o piven x,y and z coordinate. Dutput Is in the

. lorm of a grid of values Indicacing seen and nonseen

area values.
1. Output Techniques —- Flgure 18 [llustrates the basic four DUTPKC
formats from a GIS system. They are as [ollows:
w
é E a) ilard copy maps;
[
E g b) Statisrical tshulacions;
o
E th c} CRT interactive dfsplays (both graphics and sccributes);
=3 pnd
U
d) Computed data files resulting from various manipulations
- generated on the geographic data.
g 2
8 " g e Data Base Manipulation Techniques for Locatfon Data
+ | & 3
& b o This section outlines the technologies which are commonly used in
E a association with the waintenance and manipulation of the data bose. Hany of
= g the software vechniques used for spattal daca base management are the same
E I \ 5 techniques used for inirial data automation and in analytic manipulacion of
+ E % g the data base. They sre simply used diEferently for differanc purpases
+ ) < ({t.e.. for making roucine data basa adjustments). These Eunctions are
ﬂd— - Q I outiined as follows:
93]
- |. Hasic filq creacion and update
-1
s frerear < 2. File management
B B
: ta Z
P ¢ Vi & < 3- Basic search, retrieval and liscing/display
g 5l =z
= o et 4. Query of selected atrributes
3 I 2l < .
in I n oc 3. Query of selected actributes by geographic area
an
L 6. Windowing manipulations
I_.
1 7. FEdgemactching of the Files
g’.f 2 a !S 8. Grouping of multi-map wmadules for larger area contiguovs map
1k [ g —_ measurement and display, ctec.
-l T w
T = g1 =
é a b O 9. Conversion from x,y coordinates inte grid and also from grid into
o =z X.¥ coordinates.
- E/ : = P~
EE 12 . In addition to chese spatlal or locational data management functions, GIS
3 gystems must also address che host of cyplcal attribute related DEMS
T




FILES

CRT DLISPLAY

LISTINGS

EIAEER

HAPS

FIG.18 QUTPUT FORMAT

functions vwhich are beyoond che scope of this paper.

Graphical Manipulation Techniques

Vithin the past {ive years, substanctial efforts have been made to
adapt  the CAD/CAM  intersctive graphlc capabilities to &sutomated
cartography. These types of technologies, although working with many of the
game data elements, are typically not classifled in the sape context as the
more analytic geographic i{nformation systems. They are primarily f[ocused on
the creation, storasge, maenipulation and display of a variety of graphic map
symbolisms and. {n fact, trcat the geographic clements contained tm 2 GIS
system as graphic files, rather than topolegically correct apalytic files.
These systems have great use, particularly 1o the utility/engineering
basemap and vrelated cax/candastral map enviromzent. They are also finding
considerably high acceptance in the phetogrammetric field where sterco
plotters are being incterfaced in support of baslc mapping activicies.

Figure 19 (indicates the cypical labels and text, as well as graphie
symbolism vecabulary, which 18 operable on virtually all of cthese
interactive graphic systems. Functlons "include:

l. Text label data - These systems have multiple fonts with various
sizes, scales., and a variety of capabilicies including wultiple
font selectieon sizing, slancing, 'scaling, rotating, and Ln some
enses, skewing along a curvillnear line.

2. Creation of a symbol 1ibrary from s digitizer and associatfon of
symbols co an interactive manu.

3. Storage of symbol menus for interactive recall and display on
maps and graphs. These symbols are typically associated wich
points. but chey also Involve symbols aloog lines and shading
within polygon arcas.

4. 5Same of the basic interactive functions are:

a} Windowing, enlarging, and graphic symbol manipulation;

b} Ffditing of cartographic elements {l.0., rotatlien,
enlargement, transformation, end delecion);

c} Graphical composiving of mulctiple graphic overlay files;
and

d} Overlay of a graphlc reference grid.
5. Entry interactively (typlcally from CRT or digitizer) of points,

lines, ares, curvilincar lines, and .polygons for verious forms of
graphical display.
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FIG.19 MAP SYMBOLISM

Although sutomated geographic

heginning

to

have

Common Applications

practical benefics,

informatfon systeoms

are

really Jjust

they have been adapted to many

application areas. The following is a summarized Jist of some of chese:

1.

2.

Enginueering mapping
hutomated photogrammetry

Subdivision design (cut/flll, street layaoue,
parcel layaut)

Tax wapplng (cadastral mappluog}

Highway mapping

Urilicy facility mapping and management
Geodetic mapping

Event mapping (accidente, crime, fire, facilicy
bhreakages, ete.)

Census and related statistical mapping
Hapagement of well log data

Land use planning and management

Enviranmental impact studles

Hatural resource mapping and management ({ also
tncluded would be forest mamagement, agricultural
mansgement, ecalogical and biclogical studies)
Routing of buses and similar service vehicles
Urban and regionsl planning

Route selectlon of highwaysf/pipelines.

Summary

It is apparent that there ks increazsing awareness
geographic phenomena {(il.e., natural resources, population distribution,
lend uses, ete.). This incerest is increasing the presoure

hetter

In the integeation of hardvare and software analytic techniques.

and

interest In

to develop

ways to rvecord, store, analyze, manage, recrieve, and display
geographic infarmatlon. In the future two decades, we will see a revolution

As cthis rtroend concinees, there will be a continued need co better



underatand and define chese analytic functions that are possible and, even
more lmportantly, a need tn develop human skills far adapting thia
rechnolegy to very specific applicactions which will be so demanding of the
knowledge GIS systems will inspire.



