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GIS Software's Changing Roles

(GeoWorld, September 1998, pg. 28-30)
(return to top of Topi¢

Although GIS is just three decades old, the approach of its software has evolved as much

as its capabilities and practical expression
occurred on campuses aitglproducts relegated to library shelves of theses. These

formative years provided the basic organization (both data and processing structures) we

find in the modern GI S. Raging debate cent e
efficient algorithms foprocessing techystuff with minimal resonance outside of the

small (but growing) group of innovators.
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For a myriad of reasons, this early effort focused on GIS technology itself rather than its
applications. First, and foremost, is the necessity ibidibg a viable tool before it can

be taken on the road to practical solutions. As with most revolutionary technologies, the
Achicken and t he edthedoolpnast crind beforatieamplcdtion. appl vy

This point was struck home during a recesit to Disneyland. The newest ride subjects

you to a seemingly endless harangue about the future of travel while you wait in line for

over an hour. The curious part is that the departed Walt Disney himself is outlining the

future through video clipgdm the 1950s. The dream of futuristic travel (application)

hasndét changed much and the 1990s practical
jerky ride, is a long way from fulfilling the vision.

What impedes the realization of a technological dresararely a lack of vision, but the

nuts and bolts needed in its construction. In the case of GIS, the hardware and software
environments of the 1970s constrained its use outside of academia. Working with 256K

memory and less than a megabyte of disk gmraade a GIS engine perform at the level

of an ol d skateboard. However, the environn
prototypeso and test their theoretical found
explore the conceptual terrainofrep s ent i ng fAmaps as number s, O
products were woefully impractical

With the 1980s came the renaissance of modern computers and with it the hardware and
software environments needed by GIS. The reseanehted software gave way to
operaional systems. Admittedly, the price tags were high and-&igh specialized
equipment often required, but the suite of basic features of a modern GIS became
available. Software development switched from specialized programs to extensive

At ool b dsulesegaently spawned a new breed of software specialists.

Wor king within a GI'S macro | anguage, such as
(AML), customized applications could be addressed. Emphasis moved from
programming the At oolnguages (e.¢n,iFORTBANRIr i S comput
Pascal), to programming the fdAapplicationo wi
Expertise broadened from geography and computers to an understanding of the context,

factors and relationships of spatial problems. Programming slere extended to

spatial reasoning skills the ability to postulate problems, perceive patterns and interpret

spatial relationships

From an application developerds perspective
user 6s per spe c tlemens st wanissing ¢he gigalyteskokedgta e

demanded by practical applications. Once again GIS applications were frustrated. This

time it wasnodot the programming environment a
the conversion from paper mapsheir digital form

But another less obvious impediment hindered progress. As the comic strip character
Pogo might say, fiéwe have found the enemy an
GIS shops established to collect, nurture, and processlsfstantimidated their
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potenti al customer s. The required professio
and to the righto kept the herds of dor mant
an organization as an adversary competing for cotpasrgpport (a.k.a., a money pit)

than as a new and powerful capability one could use to improve workflow and address

complex issues in entirely new ways

The 1990s saw both the data logjam burst and the GIS mystique erode. As Windows

based mappingpackagg appeared on individual séd desks,
spatial data and its potential applications flourished. Direct electronic access enabled

users to visualize their data without a GIS expert as@lob For many the thrill of

Avi smglmapped datao rivaled that of their fi
l earner.6s per mit

So where are we now? Has the role of GIS developers been extinguished, or merely

evolved once again? Like a Power Rangers transformer, software developntakéhas

two forms that blend the 1970s and 80s roles. These states are the direct result of
changes in software programmbngeappdoaches i
programming in particular.

Mapl nfods MapX and ESRI 6s MaspfQhlsinemetas ar e t an
These packages are functional libraries that contain individual map processing

operations. In many ways they are similar to their GIS toolbox predecessors, except they

conform to general programming standards of interoperabilityeblyernabling them to

be linked easily to the wealth of @IS programs.

Like using a Lego set, application developer
specific solutions, such as a real estate application that integrates a multiple ligting ge

guery with a pinch of spatial analysis, a dab of spreadsheet simulation, a splash of chart

plotting and a sprinkle of report generation. In this instance, GIS functionality simply

becomes one of the ingredients of a solution, not the entire recipe.

Inits early stages, GIS required fibootstrapo
domain of the computer specialist. The arrival of the GIS toolbox and macro languages

allowed an application specialist to develop software that tracked the spatiat cbrate

problem. Today we hawwmputer specialistgenerating functional libraries and

application specialistassembling the bits of software from a variety of sources to tailor
comprehensive solutions

The distinction between computer and app
it is characteristics of the combined pr
character of a GIS dramatically changes. The-madfeel evolves from a generi
Amacpentric view -Gteotancdappki wat hoa few tail
users through analysis steps that are germane to an application. Instead of presenting

users with a generalized set of map processing operations as a maze of mgtylas

and pultdown menus, only the relevant ones are integrated into the software solution.
Seamlesslinkstonemp at i al progr ammi npgoceBsmpgnepodt s, 0 s uch
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processing functions, are automatically made.

As the future of GIS untds, it will be viewed less as a distinct activity and more as a

key el ement in a thought proweapo0 eNostander
alone GIS systems. They simply will use GIS capabilities within an application and

likely unaware of theinderlying functional libraries. GIS technology will finally come

into its own by becoming simply part of the fabric of software solutions

Determining Exactly Where Is What

(GeoWorld, February 2008, pg. 14-15)
(return to top of Topig

TheWikipedia definefAccuracyas fAt he degree of Predsatityo (e
as Athe degree of reproducibilityo (repeatahb
explain the difference between the two terms wherasomements are compared to

arrows shot at the target (left side of figure 1). Accuracy describes the closeness of

arr ows t-eye athhe targpetcented (actual/correct). Arrows that strike closer to

the bullseye are considered more accurate.

Precision, on the other hand, relates to the size of the cluster of several arrows. When the

arrows are grouped tightly together, the cluster is considered precise since they all strike
close to the same spot ;eyei The masuremensscambes ar i | y n
precise, though not necessarily accurate.

However, it isnot possible to reliably achieve accuracy in individual measurements
without precision. If the arrows are not grouped close to one another, they cannot all be
cl ose t eeyet Whle thetmVetaggmsition might be an accurate estimation of

t h e -eye,lthie iddividual arrows are inaccurate.

Handheld GPS unit

Pasitions Precision
110 pes 181 m

Accuracy vs /‘\\ R = Procion

High Accuracy
but Low Precision

Precision )
...the “target analogy’ - T 7T
compares measurements R
to the pattern of arrows . or P
shot at a target Lo s

High Precision o LT

but Low Accuracy

Precision GPS unit

Figure 1.Accuracy refers to fiexactnesso and Preci
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So what does this academic diatribe have to do with GIS, as all maps are accurate and
precise, right? éeéchiseled in stoWhlewith a ©b
that might be mappingbs | egacy belief, the
perspectives depending on map type and application.

In GPS technology the target analogy is straight forward (right side of figure 1) and the

scattering of GPS meaements over time forms patterns akin to target practice. The

handhel d GPS unit shows a disperseyeoA of poin
precision GPS unit using a base station for differential correction shows a much tighter,
submeterclg t er a t-eye (hcwal eadraphic $ocation).

Whereas GPS readings tell us Awhere is where
precision take on a somewhat different meanings in a GIS involving two informational

dimensiond fiwhereiswhat © Phr ecsi sciooncerned with AWherebo
accuracy is concerned with AWhato (classific

Figure 2 illustrates the twimld consideration oPrecise Placemerdf coordinate
delineation and\ccurate Assessmeuitattribute descriptor for three phatderpreters.

The uppeiright portion superimposes three parcel delineations with Interpreter B
outlining considerably more area than Interpreters A aha@@hsiderable variation in
precision. The lower portion of the figure indicates differences isiGilzetion with
Interpreter B assigning Ponderosa pine as the vegetatioh tgpesiderable variation in
accuracy to the true Cottonwood vegetation type correctly classified by Interpreters A
and C.

Many GIS map layers are precise/accurate, suchrasyged ownership parcels, pipelines
and benchmarks. However, many more layers are less precise/accurate, such as
interpreted vegetation parcels, fault lines and bird sightings. These differences in map
sets, as well as mindsets, often divide the GISmoaonityd those involved with
precise/accurate maps and those involved with somewhat fuzzier mapped data.
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Interpreter A
Interpreter B s+sessess
Interpreter C == == =

Vegetation
Parcel
Mapping

Superimposed
interpretation
boundaries

Precision = delineation (Where){F

= WV
—
% .

PonderosaPine Cottonwood
Figure 2. In mapped data, preasi refers to placement whereas accuracy refers to
classification.

Photo Interpreter A
Cottonwood

In addition, our paper map legacy of visualizing maps frequently degrades

precision/accuracy in detailed mapped data. For example, a detailed map of slope values
containing decimal poirdifferences in terrain inclination can be easily calculated from

an elevation surface. But the detailed continuous spatial data is often aggregated into just

a few discrete categories so humansdcan easi
such as plggonal areas of gentle, moderate and steep terrain. Another example is the
reduction of the high precision/accuracy i nh
map to that of a discrete Aroad buffero map
specified reach.

Further thought suggests an adM#lodeli onal consi
Accuracyreflecting how robust and complete a model is. For example, figure 3

summarizes the logic and results for a electric power line routing model (se®e Awihs

Notes). The simplified model seeks to identify the optimal route that avoids areas of high

housing density, far from roads, within/near sensitive areas and high visual exposure to

houses. The top portion of the figure shows the criteria maps ¢healésrated on a

scale of 1(most preferred) to 9 (least preferred) in terms of suitability for routing a power

line.

As you might suspect, different groups have differing perspectives on the interpretation
and relative importance of the routing criterkor example, homeowners might be most
concerned about Housing Density and Visual Exposure; environmentalists most
concerned about Road Proximity and Sensitive Areas; and engineers most concerned
about Housing Density and Road Proximity. Executing thdatior these differences in
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perspective (relative importance of the criteria) resulted in three different preferred
routes.

The lowerleft portion of figure 3 shows the spread of the three individual solutions. One
i sndt mor e pr eciersjestaaexpressica bf @ partituamperspectve df
the solution. The loweright side of the figure suggests yet another way to represent the
solution using the simple average of the three preference surfaces to identify an overall
route and its optimatorrido® sort of analogous to averaging a series of GPS readings to
appr oxi ma tege. Itnmght béardudd éhat the overall solution is more
precise/accurate as it incorporates more perspectives (average of multiple arrows in a

cluster).
Routing Criteria P
Most Least @J
Preferred 4 % Preferred
1234567048 AN
Housmg Density Road Prommlty Sensmve Areas Vlsual Exposure
T
HD & VE times 10 RP&SAllmes 10 HD&Rthes‘\D
| . | . |
Homeowners Environmentalists Engineers
- u, E
Start Start
Engineers ’ .,
Environmentalists
Homeowners _
Individual Combined
Solutions End Solution End

Figure 3. Maps derived by GIS modeling also involve accuracy of the interpretation,
logic, understanding and judgment ingrained in the spasiakoning.

The take home from this discussion is that precision and accuracy is not the same thing

and that the terms can take on different meanings for different types of maps and

application settings. There are at least three different levels ofipréatscuracg 1)

fiWhereisWheie consi deri ng | usWherpis Whati sceo npsli adceer menngt ,
pl acement and cMWhssefiesaWhahq adhnrsiddie Misrsg me €
placement, classification and interpretation/logic/understanding/judgngrained in

spatial reasoning. Before GIS can go beyond mapping we need to fully recognize that
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there are appropriate degrees of precision and acéuanaphrasing Voltairgerfect
can be the enemy of gagaat at least good enough to be useful.

Aut hor 6 Reldted discisssion of routing model considerations and procedures is in Topic 8, Spatial Model
Example in the boolap AnalysigBerry, 2007; GeoTec Medigwww.geoplace.com/books/MapAnalysis) and Topic
19, Routing and Optimal Paths in the onliBeyond Mapping Ilcompilation
(www.innovativegis.com/basis/MapAnalysis).

Finding Common Ground in Paper
and Digital Worlds

(GeoWorld, February 2007, pg. 28-30)
(return to top of Topi¢

In the real world, landscapes are composed rocks, dirt, water, green stuff and

furry/feathered friendsl n a Apaper worl do these things ar
and graphics. The traditional paper map is a graphical representation with inked lines,

shadings and symbols used to locate landscape features using three basic building

block®d Points LinesandAreas For example, a typical water map might identify a

well as a dot, a stream as a squiggle and a lake as a blue blob (figure 1). Each feature is
consideredawell ef i ned fAdi screte spatial objecto wiHf
positioning andlimension.

Traditional Map Features

® POINTS - Dimensionless (e.g., wells)

T LINES — Length (e.g.. streams)

“ AREAS — Length * Width (e.g., 2D lakes)

[ SURFACES - Continuous variable (e.g., elevation) ]

Extended Map Features

VOLUMES - Length * Width * Depth (e.g., 3D lakes)

hyper- VOLUMES - Length *Width * Depth * Time (e.g., reservoirs)

fuzzy- FEATURES — uncertainty of feature’s true shape

Figure 1. Traditional and Extended Map Features.
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In geometry a point is considered dimensionless, however, the comespooncept in

cartography is a dot of ink having a physical dimension of a few inches to several miles

depending on the scale of a paper map. Similarly, a line in mathematical theory has only

length but is manually mapped as a thin serpentining polggon t he pendés wi dt h.
area feature has both length and width in-thraensional space. The interplay of

mapping precision and accuracy in a digital world involves a discussion of scale and
resolution reserved for tértheraveltionargect i on. F
changes in map form and content brought on by the digital map as outlined in the rest of

figure 1.

For thousands of years, manual cartography has been limited to characterizing all
geographic phenomena as discretiiriensional spal objects. However many map
variables, such as elevation, change continuously and representation as contour lines
suggests a nested series of flat layers like a wedding cake instead of the actual
continuously undulating terrain. The introduction ofri@-dpased data structure provides
for a new basic building bloéka mapSurfaceof continuously changing values
throughout geographic space.

Another extension to the building blocksvelumeghat track length, width and depth in
characterizing discreta continuous variables in@mensional space. For example, the
L,W,D coordinates identify a specific location in a lake and a fourth value (attribute) can
identify its temperature, turbidity, salinity or other condition.

A hyperVolume(or hyperpoirt, -line, -area orsurface) introduces time as an additional
abstract coordinate. For example, the weekly water volume of a reservoir might be
tracked by L,W,D,T coordinates identifying a location idifiensional space, as well as
time combined with aifth value indicating whether water is present or not. This
conceptual extension is a bit tricky and provides discussion fodder about mixed
referencing units (e.g., meters and minutes) for a later section. However, the result is a
discrete volumetric mafeature that shrinks and expands throughout adyaatynamic
spatial entity that at first appears to violate orthodox mapping commandments.

Another mindbend brought on by the digital map is the concepuzdyfeatures This
idea tracks the ceiitaty of a feature or condition at each map location. For example, the

boundary I ine of a soil pol ygon is a subject
edge could be a considerable distance awayf he boundary is | ikely h
probability) buc oul d be over there (low probability)

classified satellite image where statistical probabilities are used to establish which cover
type is most likely.

Taken to the hilt, one can conceptualize a data structure that ¢awids, T and A,P

(attribute and probability) descriptors that identify a location in space and time, as well as
characterize its most likely condition, next most likely, and $b sort of a sandwich of
probable conditions. Such a representation challethgasfallible paradigm of mapping

but opens a whole new world of error propagation modeling.
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Whereas volumes, hyp&olumes and fuzzfeatures define the current realm of GIS
researchers, an understanding of contemporary approaches for charagqerizisg

lines, and areas is necessary for all GIS users. Figure 2 outlines the two fundamental
approache$ vectorandraster( see Aut hor 6s Notes).

A Pointdefined by X,Y coordinates in vector, an@€all defined by Col,Row indices in

raster form the basic data structure udits he fAsmal |l est addressabl e
map. Lines are formed by mathematically connecting points (vector) or identifying all of

the conjoined cells containing a line (raster). Areas are defined by a set sftpaint

define a closed line encompassing a feature (vector) or by all of the contiguous cells

containing a feature (raster).

The “Paper Map World” (anaiog)

POINTS LINES AREAS

° -\o‘\-/_
Dof of ink

D, d flowofink
TR LCL R Diragged and filled
fiow ofink

The “GIS Map World” (digital)
X, Y conrdinates i
- (Vector) W (Vector) ”

: E[ (Raster) I I I I u=

- (Raster) -

Cell Cai, Row LT [
POINTS are stored as LINES are stored as a AREAS are stored as a set
individual X, Y set of mathematically of mathematically connected
coordinates (Vector) or connected X, Y X, Y coordinates defining the
as individual Column, coordinates (Vector) or boundary (Vector) or as a set
Row cell entries in a as a set of connected of contiguous cells defining
grid (Raster) grid cells (Raster) the interior (Raster)

Figure 2. Basic Vector and Raster Data Structure Considerations.

While spatial precision is a major operational difference between vector and raster

systems, how they characterize geographic space is important in understanding

limitations and capabilities. Vectprecisely identifies critical points along a line, but the
intervening connections are implied. Raster, on the other hand, identifies all of the cells
containing a |line without any implied gaps.
boundary butmplies its interior (must calculate); raster stores the interior but implies the
boundary (must calculate).

The differences in Awhat i s definedo and Awh
everything in GIS technology, except maybe the color palletiéptal®d data structure,

storage requirements, algorithms, coding and ultimately appropriate use. Vector systems
precisely and efficiently store traditional discrete map objects, such as underground
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cables and property boundaries (mapping and inventorg3teRsystems, on the other
hand, predefine continuous geographic space for rapid and enhanced processing of map
layers (analysis and modeling).

So how do you think vector and raster systems store surfaces, volumesydlypess

and fuzzyf e at ur e go@rly,&nnet at wll for vector systems. However raster

systems pralefine all of a project area (no gaps) by carrying a thematic value for each

cell in a 2dimensional storage matrix to forncantinuous map surfacd~or volumes, a

third geographic ferencing index is added to extend the 2D cells to 3D cubes in
geographic space defined by their X,Y,Z posi
Notes).

A similar expansion is used for hypeslumes with four indices (X,Y,Z,T) identifying

t he fAmp,osidxmwept in this instance an abstract
in geographic and time units. Information about futetures can be coded into a

compound attribute value describing any map feature, where the first few digits identify
thecharacter/condition at a location with the trailing two digits identifying the certainty

of classification.

The bottom |Iine is that tomorrowb6s maps aren
your grandfather ds maps .ferenflbRast suppodingt a | map 1 S
radically new mapping approaches, perspectives, opportuaitteesponsibilities.

Aut hor 6s Nmotpexs 6, AAIl t er Sgzatial ReasoniDafdr Bffecdive Glilbarry ur es, 0 i n
1995, Wiley) contrasts vector and raster data structures and describes related alternative structures
including TIN, Quadtree, Rasterized Lines and Vectorized Cells.

Resolving Map Detail

(GeoWorld, March 2007, pg. 28-30)
(return to top of Topi¢

One of the most fundamental concepts in the paper map w@lkebigraphic Scaf& the

relationship between a distance on a map and its corresponding distance on the earth. In
eqguation formscalgai,= map distance ground distancéut is often expressed as a

representative fraction (RF), suchsasle;= 1:63,360meaning 1 inch on the map
represents 63,360 inches (or 1 mile) on the

However in the digital map world, this traditional concept of sdaks noexist. While

at first this might seem |Iike cartographic h
of the relationship is assumed to be fixed as ink marks on paper. In a GIS, however, the

map features are stored as organized sets of numapeesenting their spatial position
(coordinates for fAiwhered) and thematic attri
in and out on the data thereby creating a continuous gradient of geographic scales in the

resulting display or hardcopy plot.
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Herce geographic scale is a function of the display, not an inherent property of the digital
mapped data set. What is important is the implied concept of informational scale, or
Resolutiod the ability to discern detail. Traditionally it is implicit thatgegraphic

scale decreases, resolution also diminishes since drafted feature boundaries must be
smoothed, simplified or not shown at all due to the width of the inked lines.

Spatial Resolution

...identifies the smallest addressable unit of geographic space

In Vector systems the smallest addressable unit is the Line Segment; in Raster systemns it is the Cell

000
00U
000
poOv

Doan
00
BO0n

o0
0
-------

Higher SR

[TTTIT
-+

Low SR

Actual Pattern

Vector

Figure 1. Spatial Resolution describes the level of positional detail used to track a
geographic pattern or distribution.

However in a GIS, the concept of resolution is explicit. In fact there are five types of
resolution that need to be considére8patial, Map, Thematic, Temporal and Model.

Spatial Resolution s

t he

mo s t

basi

c

and i

dent i

fies the

geographic space (figure 1). For point features, the X,Y coordinates (vector)lesidecel
(raster) determine the smallest addressable unit.

For line features in vector, however, the smallest addressable unit is the line segment with
larger segments capturing less detail as the implied straight line misses the subtle wiggles
and waggle of a pattern. Similarly, large grid cells capture less linear detail than smaller

cells.

For polygon features in vector, an entire polygon represents the smallest addressable unit

as the boundary needs to be completed before the implied interiori@omdih be

identified. In raster, the smallest addressable unit is defined by the cell size as the
condition is carried for each of the cells comprising the interior and edge of a polygon

feature.

The concept of spatial resolution easily extends toethel bf spatial aggregation btap

Resolutiont h at

dent i

fi

es

t he

ismal | est

physical

example, a high resolution forest map might identify individual trees (very small
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polygons delineating canopy extent), whereaseng@nerally, numerous trees are used to

identify a forest parcel of several acres that ignores the scattered tree occurrences. The

size of the minimum polygon is determined by the interpretation process with smaller
groupings capturing more detail of thattern and distribution.

Map Resolution

...identifies the smallest physical grouping of a map theme

For example, the number of trees or size of an area that is used to identify a discrete forest parcel

y (background)

Non-Forest

Forest Parcel * *

)

k & Non-Forest
(background)

T

Forest Parcel @&

Actual Pattern

Lower MR

High MR

Figure 2. Map Resolution describes the level of physical aggregation used to depict a
geographic pattern or dtribution.

Thematic Resolution d e nt i

fi

es the

fismall est

c |

assi

For example, a simple forest/nforest map might provide a sufficient description of
vegetation for some uses and this coarse classification has apmearear$ as green on
USGS topographic sheets. However, resource managers require a higher thematic
resolution of vegetation cover and expand the classification scheme to include species,
age, stocking level and other characteristics. The result israckassification categories

of a generalized forest area into smaller more detailed parcels (figure 3).

A forth consideration involve§emporal Resolutiothat identifies the frequency, or time

step of map update. Some data types, such as geologidahdfmm maps, change

very slowly and do not need frequent revision. A city planner, on the other hand, needs
land use maps that are updated every couple of years and include future development

sites. A retail marketer needs even higher temporal resolatid will likely update

sales and projection figures on a monthly, weekly or even daily basis.

Model Resolutiors the least defined and involves factors affecting the level of detalil

used in creating a derived map, such as an optimal corridor foe@netransmission
line or areas of suitable wildlife habitat. Model resolution considers detail ingrained in 1)
the interpretation/analysis assumptions (logic) and 2) the algorithms/procedures

(processing) used in implementing a spatial model. For pbeam proposed
transmission line could be routed considering just terrain steepness for a low model
resolution, or extended to include other engineering factors (soils, road proximity, etc.),
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environmental concerns (wetlands, wildlife habitats, etc.)saetl considerations
(visual exposure, housing density, etc.) for much higher model resolution.

Thematic Resolution
...identifies the smallest classification grouping of a map theme

For example, forest cover can be subdivided by species, age, and/or density for higher TR

RN
7
A
Higher TR =
I Pine (C1)
Pine (C2}
WFir (c3)
Fir {C4)
RN RN|
Actual Pattern Vector Raster

Figure 3. Thematic Resolution descrilties level of classification aggregation used to
depict a geographic pattern or distribution.

So why should we care about digital map resolution? Because accounting for

informational scale igist as important as adjusting for a common geographic scale and

projection when interacting with a stack of maps. Our paper map heritage focused on

descriptive mapping (inventory of physical phenomena) whereas an increasing part of the

GIS revolution foases on prescriptive mapping (spatial relationships of physical and
cognitive interactions). This Athinking wit
the spatial, map, thematic, temporal and model resolutions of the maps involved or you

will surely be burned.

Referencing the Future

(GeoWorld, April 2007, pg. 28-30)
(return to top of Topi¢

Georeferencing is the cornerstone of GIS. In the-a600s the French mathematician,

René Descartes established the Cartesian coordinate system that is still in use today. The
systemdetermines the location of each point in a plane as defined by two ndndbears
coordinateand ay-coordinate

A third z-coordinateis used to extend theystem to 3limensional geographic space (see

Aut hor s Notes) . I n ma papefinedellipstich(gesdetic c o or di n a
datum) thatan be conceptualized as a curved surface approximating the mean ocean

surface of the earth.
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The location andhape of map features can be established by X and Y distances
measured along flattened portions of the reference surface (figure 1). The familiar
Universal Transverse Mercator (UTMQordinates represent\B8 and NS movements in
meters along the plan&he rub is that UTM zones are need to break the curved earth
surface into a series of small flat, projected subsections that are difficult tonadicje

Real World Referencing
...Length (X; Easting), Breadth (Y; Northing) and Thickness (Z; Altitude)
X.Y.Z = Geographic A= Thematic
Coordinates Attribute
(Where) {(What)
7
Spherical P
Coordinates At
Position in...
<A 3-dimensional
’ geographic space
Y
2-dimensional
geographic space
2D Square
1 » X

Figure 1. Geographic referencing uses three coordinates to locate map features in real
world space.

A variant of the traditional referencing system uses spherical coordinates that are based

on solid angles measured from the center oetréh. This natural form for describing

positions on a sphere is defined by three coordifatesazimuthalangld d) i n t he X, Y
plane from the-axis, thepolar angle( (i) f z-axiw, andtleeadial distance(r)

from t he eart h &sadvantage bfa spheficalrefegemncimg system ib that it

i s seamless throughout the gl obe and doesnodt

Digital map storage is rapidly moving toward spherical referencing thataigade and
longitude in decimal degrees for internal storage anthefly conversion to any planar
projection. This radical change from our paper map heritage is fueldoidpyitous use
of GPS and a desire for global databases that easily walk poldssl and
administrative boundaries.

Since the digital map is a radical departure from the paper map, other alternative
referencing schemes are possible. For example, hexagons can replace the Cartesian grid
squares we have used for hundreds of y@apsportion of figure 2). The hexagon
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naturally nests to form a continuous networ Kk

property of a hexagon grid is that it better represents curved surfaces than a sgdare grid
a soccer ball stitched from square® ul d n 6t r[Note:lactually @ soccer bad is
a composite of hexagons (white) and pentagons (black)]

However the most important property is that a hexagon has six sides instead of four. The
added directions provide a foothold for more premgasurement of continuous

movemend one can turn rightand leftoblique as well as just right and left. Traditional
routing models using Least Cost Path would benefit greatly.

Expanding td-dimensional geographic space provides for polyhedrons to replace cubes.
For example, dodecahedron is a nesting twebided object that can be used instead of
the sixsided cube. Weather and ground water flow modeling could be greatly enhanced
by theincreased options for transfer from a location to its larger set of adjoining
locations. The computations for crga®ducts of vectors, such as wapeed cruise
missiles, could be greatly assisted as they are affected by different atmospheric
conditiors and evasive trajectories.

Geographic Space

...Nested Hexagons as alternative to Traditional Square Grid (Cartesian)

Q.

Polyhedron

~ 2D
Hexagon Grid

Hexagon

Abstract Space
...Attribute Value (A) replacing Z Geographic Coordinate

2D Data Matrix Surface Map

Columns (X) A (attribute value)

[~

El

2

o

El

Rows (Y)

2|

2

&7

Bl
JEEER I EEEEL L
@

i

Figure 2. Alternative referencing systems and abstract space characterization are
possible through the di@il nature of modern maps.

Another extension involves the use of abstract sgamtéofn portion of figure 2 For
example, the Zoordinate can be replaced with an attribute value to generate a map

From the online booBeyond Mapping llby Joseph K. Berrywww.innovativegis.com/basis/All rights reserved Permission to
copy for educational use is granted.
Page 16



MA_Intro_files/image015.png

surface, such as customer density. In this instahegHlstract referencing is a mixture

of spatial and attri but @iménsiana,redlworcat es o and d
geographic occurrences. Instead, it relates geography and conditions in an extremely

useful way for conceptualizing patterns. Normdl@aalong the abstract coordinate axis

is an important consideration for both visualization and analysis.

This brings us to spadene referencing. During a recent panel discussion | was

challenged for suggesting such a combination is possible withi&a The idea has

been debated for years by philosophers and p
description is one of the bést

'Clearly,’ the Time Traveller proceeded, ‘any real body must have extension in four
directions: it must have Length, Breaditickness, andDuration. But through a natural

infirmity of the flesh, which | will explain to you in a moment, we incline to overlook this fact.
There are really four dimensions, three which we call the three planes of Space, and a fourth,
Time. Theras, however, a tendency to draw an unreal distinction between the former three
dimensions and the latter, because it happens that our consciousness moves intermittently in
one direction along the latter from the beginning to the end of our lives.' (CHig{tene

Maching.

The upshot seems to be that a fourth di mensi

candét go there in per son.dconépthallyahatdl Br can eas
exampl e, an additi onal ngdilmescarbaalted o bonmaBdi nat e o
di mensi onal data matri x. The GI'S picks off

and displays it as in the figure. Then it uses the data on the on the second page (one time
step forward) and displays it. Thisrepeated to cycle through time and you see an
animation where the peaks and valleys of the density surface move with time.

So animation enables you to move around a city (X,Y) viewing the gpaee

relationship of customer density (A). In a similar manyou could evaluate a forest
Agr-apo model -growth atea sedes af time steps after harvesting to look

into future landscape conditions. Or you can watch the progression over time of ground
water pollutant flow in 3D space (4D data métusing a serairansparent dodecahedron
solid grid just for fun and increased modeling accuracy. In fact, it can be argued that GIS
is inherentlyn-dimensional when you consider a map stack of multiple attributes and

time is simply another abstract dinsgon.

My suspicions are that revolutions in refere
the 2010s. See you there?

Aut hor 6aneddaleneosline reference for the basic geometry concepts underlying traditimhal a

future geereferencing technigues is the Wolfram MathWorld pages, such as the posting describing the

dodecahedromat http://mathworld.wolfram.com/Dodecahedron.htalBBC posting at
http://www.bbc.co.uk/science/space/exploration/timetravel/index.sotméins an interesting discussion

of the space/time reality. See the online bBekond Mapping lllTopi ¢ 27, A GI' S Evolution
Trends, 0 f or -daendional 618 postéed@ww.imnbvati8egis.com/basis/MapAnalysis/
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Is it Soup Yet?

(GeoWorld, February 2009)
(return to top of Topi¢

In the fortyodd years of computdinkering with maps our perspectives and

terminologies have radically changed. My first encounter was in the late 1960s as an
undergraduate research assistant at the Wiiyeasf California, Berkeley. The entry

point was through photogrammetric interpretation in the pursuit of a high resolution
contour map for the school 6s f oimatshed. I n
aerial photos and marched a dot at a @orislevation around the thrdenensional

surface that appeared. The result was an inked contour line drawn by a drafting arm that
was mechanically connected to the stereo plbttaise the dot and +@alk to delineate

the next higher contour line.

The research effort took this process to a new level by augmenting the mechanical arm
with potentiometers that converted the movements of the arm into X,Y coordinates that,
in turn, were recorded by direct entry into a keypunch machfter several morts of
tinkering with the Rube Goldberg device several boxes of punch cards were generated
containing the digital representation of the contour lines that depicted the undulating
shape of the terrain surface.

The card boxes then were transferred to a guro ran the only largbed plotter on

campus and after a couple of more months of tinkering the inked lines emerged. While
far from operational, the research crossed a technological threshold by replacing the
analog mechanics of traditional drafting kvthe digital encoding required to drive the

cold steel arm of a plott@rmaps were catapulted from drawings to organized sets of
numbers.

| n t h eCoputérMéapping emerged through the efforts of several loosely allied
fields involved in mapping geogaphy for the underlying theory, computer science for
the software, engineering for the hardware and several applied fields for the practical
applications. As depicted in figure 1, some of the more important perspectives and
definitions of the emerging thnology at that time were:

- Surveyingis the technique and science of accurately determining the terrestrial er three
dimensional space position of points and the distaaceésangles between them where
these points are usually, but not exclusively, associated with positions on the surface of
the Earth, and are often used to establish land maps and boundaries for ownership or
governmental purposegWikipedia definition)

- Phatogrammetry is the first remote sensing technology ever developed, in which
geometric properties about objects are determined from photographic infagkipedia
definition)

- Remote Sensings the small or largscale acquisition of information of an objer
phenomenon, by the use of either recording ortigad sensing device(s) that is not in
physical or intimate contact with the object (such as by way of aircraft, spacecraft,
satellite, etc.).(Wikipedia definition)
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- Computer-aided Drafting and Computer-assisted Mapping (CAD/CAM)is the
mapping expression of Compuigided Design thaises computer technology to aid in
the design and particularly the drafting (technical drawing and engineering drawing) of a
part or product.(Wikipedia definition)

- Automated Cartographyis the process of producing maps with the aid of computer
driven devices such as plotters and graphical dispi/ebopedia definition)

- Image processings any form of signal processing for which the input is an image, such
as photogrphs or frames of video with the output of image processing being either an
image or a set of characteristics or parameters related to the ifidiggedia
definition)

The common thread at the time was an inspiration to automate the map drafting process

by exploiting the new digital map form. The focus was on the graphical rendering of the

precise placement of map featesn automated means of generating traditional map

products. For example, the boxes of cards containing the contour lines of research

project were mothballed after the plotter ge
multiple copies of the map.

« Computer Mapping (1970s) ... automates the map drafting process (Digital Maps)
‘é&‘ Surveying Photogrammetry Remote Sensing (RS)
e Computer-aided Drafting and Computer-assisted Mapping (CAD/CAM)

Automated Cartography Image Processing

 Spatial Database Management (1980s) ...links digital maps to descriptive
information about map features (discrete Points, Lines, Polygons)

Automated Mapping and Facilities Management (AM-FM) _?,j»
Geographic Information Systems (6I5) Desktop Mapping ‘l‘\k""!

&Geographic Information Science Enterprise GIS i f’ﬂ.ﬁmf »
» Map Analysis and Modeling (1990s) ...investigates spatial relationships
and patterns within and among map layers (continuous Surfaces)

Cartographic Modeling  Map Algebra (Map-ematics)  Geomatics

» Multimedia Mapping (2000s) ...full integration of RS/GIS/GPS with the

Internet and other technologies (Visualization)

Global Positioning System (GFPS) Mobile G1S
Web Mapping Virtual Reality Geospatial Technology

Figure 1. Théa er mi nol ogy and paradigm trajector

Spatial Database Managemeng¢xpanded this view in the 1980s by combining the

digital map coordinatesN(herg with database attributes describing the map features

(Wha). The focus shifted to thegital nature of mapped data and the new organizational
capabilities it provided. Some of the perspectives and terms associated with the era were:
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- Automated Mapping and Facilities Management (AMFM) seeks to automate the
mapping process and to manage facilities represented by items on théQtiap.
definition)

- Geographic Information System (GIS)is an information system for capturing, storing,
analyzing, managing and presenting data which are Bpa&terenced (linked to
location). (Wikipedia definition)

- Geographic Information Science(GISc or GISci) is the academic theory behind the
development, use, and application of geographic information systems (@IE&)jpedia
definition)

- Desktop Mappinginvolves using a desktop computer to perform digital mapping
functions. ENCYCLOPEDIA definition

- Enterprise GIS is a platform for delivering organizatiemide geospatial capabilities
providing for the free flow of information(ESRI definition)

Geoquery became the rage and organizations scurried to integrate their paper maps and
management records for cost savings and improved information access. The overriding
focus was on efficient recordkeeping, processing and information retrieval. The
approacHinked discrete Point, Line and Polygdeatures to database records describing
the spatial entities.

Map Analysis and Modelingin the 1990s changed the traditional mapping paradigm by
introducing a new fundamental map feafutbe continuous SurfaceSore of the more
important terms and perspectives of that era were:

- Cartographic Modeling is a process that identifies a set of interacting, ordered map
operations that act on raw data, as well as derived and intermediate data, to simulate a
spatial decisin making process(Tomlin definition)

- Map Algebra (andMap-ematicg is a simple and an elegant-betsed algebra for
manipulating geographic data where the input and output for each operator is a map and
the operators can be combined into a procedurerfornm complex tasks(Wikipedia
definition)

- Geomaticsincorporates the older field of surveying along with many other aspects of
spatial data management which integrates acquisition, modeling, analysis, and
management of spatially referenced ddi#ikipedia definition)

While much of the maggmaticaltheory and procedures were in place much earlier, this
era saw a broadening of interest in map analysis and modeling capabilities. The
comfortable concepts and successful extensions of traditional mappingh Spatial
Database Management systems lead many organizations to venture into the more
unfamiliar realms of spatial analysis and statistics. The emerging applications directly
infused spatial considerations into the decisitaking process by expdn nV¢heréis
Whatd r ecor dikWhywy,i n§o t Wh a tspatiahrdasoviiiyahinkinig with 0
maps to solve complex problems.

Multimedia Mapping in the 2000s turned the technology totally on its head by bringing
it to the masses. Spurred by thelipeoation of personal computers and Internet access,
spatial information and some dAkiller appso h
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interacts with them, as well as their applications. Important terms and perspectives of the
times include:

- Global Positioning System (GPSis the only fully functional Global Navigation
Satellite System (GNSS) that enable GPS receivers to determine their current location,
the time, and their velocity(Wikipedia definition)

- Mobile GIS is the use of geographiata in the field on mobile devices that integrates
three essential componeditsGlobal Positioning System (GPS), rugged handheld
computers, and GIS softwaréTrimble definition)

- Web Mapping is the process of designing, implementing, generating and detjve
maps on the World Wide Wel§Wikipedia definition)

- Virtual Reality (VR) is a technology which allows a user to interact with a computer
simulated environment, be it a real or imagined diéikipedia definition)

- Geospatial Technologyefers to techology used for visualization, measurement, and
analysis of features or phenomena that occur on the earth that includes three different
technologies that are all related to mapping features on the surface of the &t
(global positioning systems), G(§eographical information systems), and RS (remote
sensing).(Wikipedia definition)

The technology has assumed a commonplace status in society as people actoess real

drivingdi recti ons, routinely check home values i
to anyplace place on the earth to view the s
Whil e spatial i nformation isnbét the driver o
technology both benefits from and contributes to its richness. What was just a gleam in a

handful of researchersé eyes thirty years ag

fabric of society, not to mention a major industry.

But what aretheperspg i ves and terms defining the tech
fodder for the next section.

Author 6 INotefs White Paper describing GI S6s evolution
www.innovativegis.com/basis/Papers/Other/Geotechnology/Geotechnology_history futurémtm

interesting and useful Glossary of GIS term®bgn, Queen and Malaf the University of Minnesatis

posted atvww.extension.umn.edu/distribution/naturalresources/components/DD6097ag.html

What 0s 1 n a Name

(GeoWorld, March 2009)
(return to top of Topi¢

The previous section traced the evolution of modern mapping by identifying some of the
more important labels and terminology that have been used to describe and explain what
is involved. In just four dexxles, the field has progressed from an ef@oohputer

Mappingto Spatial Database Managemettien toMap Analysis and Modelingnd

finally to Multimedia Mapping
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The perspective of the technology has expanded from simply automated cartography to
an irformation science that links spatial and attribute data, then to an analytical
framework for investigating spatial patterns/relationships and finally to the full

integration of the spatial triad of Remote Sensing (RS), Geographic Information Systems
(GIS) and the Global Positioning System (GPS) with the Internet and other applied
technologies.

While the evolution is in large part driven by technological advances, it also reflects an
expanding acceptance and understanding by user communities and themdslieraln

fact, the field has matured to a point whigre US Department of Labor has identified
Geotechnology as fnone of the three most 1| mpo
with nanotechnol ogyeanAuthh @on @ sark Empaayg )y .0 Thi s
indeed.

The Wikipedia defineBiotechnologyas fnany technol ogi cal applic:
biological systems, living organisms, or derivations thereof, to make or modify products

or processes f Nanoteshmaogwn & | fta e deiodisdwe lkbntrol

of matter on and atomic and mol ecul ar scal e.
definitions that encompass a multitude of-sligriplines, conceptual approaches and

paradigms. Figure 1 suggests a similar sweeping conceptualifatideotechnology

(Nanotechnology) G e Ote C h no I o g y (Biotechnology)

Geotechnology is one ofthe three "mega technologies" forthe 21st century
and promises to forever change how we conceptualize. utilize and visualize spatial information
in scientific research, commercial applications and general usage

Geographic information

Systems
Global Pos;t;onmg . Remote Sensmg
System \
I
GPS /GIS/RS
(Spatial Triad)

Where s What Why an¢ So What

Mapping involves
precise placement

Analysisinvolves
investigation of

(delineation) of DESC”}DT_WE PF’ESC”'PffVE spatial
physical features Mapping : Modeling relationships
(Graphical) (Numerical)

Figure 1. Conceptual framework of Geotechnology.

Thetopportioof the figure relates Geotechnology t
stroke similar to biotechnologyds use of nfbi
of Acontr ol of matter. o The middle portion
mappingfeatures on the surface of the eartiGPS, GIS and RS. The bottom portion
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identifies the two dominant application arenas that emphasize descriptive Mapping
(Whereis Wha) and prescriptive Modeling{hyandSo What

What is mostmportant to keep in mind is that geotechnology, like hitd

nanotechnology, is greater than the sum of its @a@BS, GIS and RS. While these

individual mapping technologies provide the enabling capabilities, it is the application
environments themsedg that propel geotechnology to mega status. For example,

precision agriculture couples the spatial triad with robotics to completely change crop
producti on. Similarly, coupling fAcomputer
interactive system thaias radically altered marketing and advertising through spatially

specific queries and displayed results. Or coupling immersive photography with the
spatial triad to generate an entirely type
8,000 years ofrealog mapping.

a

0

To this point in our technology6s short four
defined from within. The current figeospati a

interworking parts that resonates with GIS specialists (see figure@®ye\ér to the
uninitiated, the term is as efffutting as it is confusirdy geo(Latin for the earth)spatial
(pertaining to spacedechnologyapplication of scienge Heck, it even sounds
redundant and is almost as introvertedlge as the termgeomattsandmapematics

Geospatial technology

From Wikipedia, the free encyclopedia WIKIPEDIA
The b Emyelopodis

Geospatial Technology, commonly known as geomatics, refers to technology used for visualization, measurement, and

analysis of features or phenomena that occur on the earth. This terminology has become common in the United States, and is
synonymous with Spatial Information Technology.

Geospatial technology includes three different technologies that are all related to mapping features on the surface of the earth.
These three technology systems are GPS (global positioning systems), GIS (geographical information systems), and RS
(remote sensing).

See also [edit]

= GIS
= GPS
= Remote sensing

%, This technology-related article is a stub. You can help Wikipedia by expanding it &.
-

Categories: Technology stubs | Cartography | Geographical technology

Figure 2. Wikipedia Definition of Geospatial Technology.

On the other hand, the usoegyodf ftohre tehnee rfgirnsgt
provides an opportunity to craft a definition with a broader perspective that embraces the
universality of its application environments and societal impacts along the lines of the

bio- and nanotechnology definitions.

As a draft #empt, let me suggest
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Geotechnologyefers toany technological application that utilizes spatial location in

visualizing, measuring, storing, retrieving, mapping and analyzing features or phenomena that

occur on, below or above the earth. Itis redagd by the U.S. Department of Labor as one

of t he ftedinolegiesforeghgZilCent ury, 0 al ong with Biotechr
Nanotechnology. There are three primary mapping technologies that enable geoteahnology

GPS (Global Positioning System), GlS=@graphic Information Systems) and RS (Remote
Sensing). édetceter a, etceter a, etcetera

As with any controversial endeavor, the devil is in the detailseftteterd. One of the

biggest problems with the term is tiggeology staked the flag several years ago with its
definition of geotechnology as fAthe applicat
to exploitation of natur al resourceso (yes,
Aexpl oi t at i dasmo hternatiodal Sowety fot Bmaronmental

Geotechnology, as well as a several books with the term embedded in their titles.

On the Dbright side, the Wi kipedia doesndot ha
shortened ter m 0 gyiofactjesktie loppasiteyas gebgmaphy ie mdsto

frequently associated with the tergep+ graph+yliterally meansit o wr i t e t he
descriptive science dea). Finatly, theietareotherhe sur f ace
disciplines,application users and the general public that are desperate for an
encompassing term and succinct defi-nition of
tied, shaking their heads in dismay or otherwise dumbfounded.

Such is the byzantine fodder of academs éany i nspired souls out
on the challenge of evolving/expanding the definition of Geotechnology, as well as the
perspective of our GPS/GIS/RS enabled mapping technology?

Aut hor 6seewNw.hakire.com/nature/journal/v427/n6972/full/nj6972376a.htmlfor an article

in Nature (427, 376377; January 22, 2004hat identifies Geotechnology by the US Department obiLab

as one of the three "mega technologies for the 21st ¢
Biotechnology).

SpatialSTEM Has Deep Mathematical
RooOts

(GeoWorld, January 2012)
(return to top of Topi¢

Recently my interest has been captured by a new arena and expression for the contention
t hat @ ma P spataBT&EM MEaSTEM for shorth as a means for redirecting
education in general, and GIS education in particular. | suspect you have heard/of STE
(Science, Technology, Engineering and Mathematics) and the educational crisis that puts
U.S. students well behind many other nations in these quantitatiged disciplines.
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While Googling around the globe makes for great homework in cultural gdgogra

doesnot guantitative

advance

needed for problem solving. Lots of folks from Freed Zakaria to Bill Gates to President

Obama are looking for ways that we can recapture our leaderdhip guantitative

fields. T h adpdtisSTEMieh @atr einmaps o&r e

number s

and we do mathematical things to mapped data for insight and better understanding of
spatial patterns and relationships within decisimaking contgts.

This contention suggests that there is a-@@aticsthat can be employed to solve

problems that go beyond mapping, greery, visualization and GPS navigation. This
scussion
series that sets the stage to fully develop this thetiimt gridbasedSpatial Analysis
Operationsare extensions of traditional mathemafieart 2 investigating map math,

col

umnos di

about t he

algebra, calculus, plane and solid geometry, etc.}fzatdgridbasedSpatial Statistics
Operationsare extensions of traditional statist{€&art 3 looking at map descriptive

statistics, normalization, comparison, classification, surface modeling, predictive

statistics, etc.).

Figure 1 outlines the important componemitsnap analysis and modeling within a
structure
three disciplines forming Geotechnology (Remote Sensing, Geographic Information
Systems and Global Positioning System), GIS the heart of converting mapped data
into spatial information. There are two primary approaches used in generating this

ma t

hemati cal

t hat has

informatiord Mapping/GeequeryandMap Analysis/Modeling

A Mathematical Structure for Spatial Analysis
Geotechnology > Rs {GIS} GPS

Mapping/Geo-Query (Discrete, Spatial Objects) —  (Continuous, Map Surfaces){ Map Analysis/ModeIing]

Vector & Raster, Aggregated & Disaggregated
Qualitative/Quantitative & Choropleth/Isopleth

[ nMaps as Quantitative Data

[z)SpatiaI Analysis Operations]

[3)Spatial Statistics Operations]

been

Traditional GIS ~-——> Spatial Analysis

Forest Inventory
May

« Cells, Surfaces

« Continuous Geographic Space
+ Contextual Spatial Relationships

- Points, Lines, Polygons
- Discrete Objects
*Mapping and Geo-query

Traditional Statistics --——> Spatial Statistics

+ Mean, StDev (Normal Curve)
« Central Tendency
+ Typical Response (scalar)

+ Map of the Variation (gradient)
+ Spatial Distribution
* Numerical Spatial Relationships
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Figure 1. Conceptual overview of the SpatialSTEM framework.

The major differences between the two approaches lies in the structuring of mapped data
and their intended use. Mapping and-geery utilizes a datarsicture akin to manual
mapping in whicldiscrete spatial objec{points linesandpolygon3 form a collection of

independent, irregular features to characterize geographic space. For example, a Water
map might contain categories of Spring (points)e&tr (lines) and Lake (polygons) with

the features scattered throughout a landscape.

Map analysis and modeling procedures, on the other hand, opestmmuous map
variablegtermed mapurface$ composed of thousands upithiusands of map values

stored in gegegistered matrices. Within this context, a Water map no longer contains
separate and distinct features but is a collection of adjoining grid cells with a map value

indicating the characteristic at each location (&gring=1, Stream= 2 and Lake= 3).

Figure 2 illustrates two broad types of digital maps, formally tersreadorfor storing
discrete spatial objects aRhsterfor storing continuous map surfaces.
spatial data is stored astwo linke d at a
coordinates defining a set of spatial objects that are grouped by object identification

tabl es. A

In vector format,
Aspat.

al

numbers. For example, the location of the Forest polygon identified on the left side of

the figure is storeds ID#32 followed by an ordered series of X,Y coordinate pairs
delineating its border (connettte-dots).

Types of Digital Maps

Vector (Spatial & Attribute Tables)

Forest Polygons
#31,532 Table | xy

T

Attribute
Meadow Polygon Table
#21

WHAT

Water Polygons
#11,#12

Composite Display
COVERTYPE Map

Mapping/Geo-Query (Discrete Spatial Objects)

Where — a Spatial Table contains X,Y coordinates delineating
the location of each point, line and polygon boundary

What — a linked Attribute Table contains text/ivaluesindicating
the classification of each spatial object

ID#32 Forest PP 60

—|=[=|=|=]=]=]—

e e e e e e B e e
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NROMRORONRNROMRRORNRODRORORORD 2 2 3 a3 o aa
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3
2[0/8/3383/3183373)

(Continuous Map Surfaces) [Map Analysis/ModeIing]

Where — Cell Position in the matrix determines location within a
continuous, regular grid

What — Cell Value in the matrix indicates the classification at
thatlocation

Figure 2. Basic data structarfor Vector and Raster map types.
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In a similar manner, the ID#s and X,Y coordinates defining the other cover type polygons

are sequentially listed in the table. The ID#s link the spatial table (Where) to a
correspondi ng fat t ringbniotmatiort abdutlea&clo spdtidVbbgedt ) cont a
as a separate record. For example, polygon ID#31 is characterized as a mature 60 year

old Ponderosa Pine (PP) Forest stand.

The right side of figure 2 depicts raster storage of the same cover type infornisdizin.

grid space is assigned a number corresponding to the dominant cover typeépitbsent

Acel | positionod in the matrix determines the
determines the characteristic/condition (What). It is important to note thaistiee
representation stores infor matconditonsabout t he
geographic spaceo for analysis by applying a
map . Since each mapdés underl yiingpldat@hist $ uc
di sko to get information and does not have t
lines or polygons on different maps intersect.

Figure 3 depicts the fundamental concepts supporting raster data. As a comparison
between vector and raster data structures consider how the two approaches represent an
Elevation surface. In vector, contour lines are used to identify lines of constant elevation
and contour interval polygons are used to identify specified ranges afietevWhile

contour lines are exacting, they fail to describe the intervening surface configuration.

Figure 3. Organizational consétations and terminology for gridased mapped data.
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