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Abstract
Overlay is considered to be 6ne of the fundamental analytical capabilities ol' a spatial

_data handling system. With Boolean set operations such as intersecuon union and exclusron.

1 ‘ overlay is used 10 detertmne areas that meet pre- established criteria such as coincidenw

pairs of attributes between two classifications. However, the quality of the cartographic data
‘used with this techmque is frequently ignored resulting in composite map data whrch are
unreliable in the relationships they describeé, due to accumulatron of cartographic error. This
tnesis examines the eff ects of/ cartographic error on the accuracy ol‘ overlay results obtained
with thematic maps oi’ gkeomorph‘lié‘data. Maps describing seven classes of surface features and
f our of slopes were digitized as’ polygons in vector format. The intersection of polygons ol' |
these tw’o classif ications were derived usmg a polygon overlay sof tware system.

' A model for measurmg cartographic error as variawility in polygon boundary locatron

was applred to determine error in the maps before and after overlay The error model is-an

‘ extenslon oi‘ pomt error models used to calculare positnonal accuracy, assigning a measure ol'

uncertarnty. epsrlon -to line segments of boundanes within the map. The drstance epsilon .

defines a band of error about the line which provrdes upper and lower bounds on polygon

... areas and measures the total area Mthm the map that rs error-prone. Calculatron of epsilon

distance is Wased on known error eff ects introduced dunng the translauon of areas on the

ground to 1 map and subsequently to digital forrnat Three values ol' epsrlon ol" 0.3, 0. 5,
ters were t;alculated f or the two categorical maps, reflecting different assumptnons
o1 present at distinct stages in. the cartographic process. -

’i'he overlay of 369 and 476 polygons in the original maps resulted in a composite map

- “of 2723 polygons with high frequencies of very small polygons Dtstmct trends in the .

' fcross clazif ication of surface features and slopes were noted Results of the. epsilon band

error measurements show the relatronshtps between polygon size, compactness and error wnth
‘increasing epsdon drstanoe “Total map area calculated to be grror- prone due to varrttbrlrty in

boundaryplacementts 137 227, and 317percent arepsnl ndwmnusofa3 05 and07

R



Perimeter’makes up most of ;he error band measured for a polygon, and thus
accounts for the majority of error-area within the map. The aocumulation of errer in the
overley is expected asa result of oombming the perimeters of the two sets of categoncal

polygom Error in the composite overlaid map has increased slgnifxcptly in the combmauon

: of the two pofygon coverages, but is less than the cOmbmed error of the two separate maps,

«

‘meters is the more realistic of lhe thxee calculated, and may well b¢ an underesumate

~ The error measurements illustrate }he potential for signifi icant error in maps produced

from polygon overlay analyses, as a result of the accumulation of cartographic error in the

-

source maps. The epsilon distance model provides a realistic means to quantify this error and

produce a statement of reliability for the users of such products.

———
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1. Polygon Overlay and Geograph_lc "l')a}a" Analysis

. £
1:1 Introduction ~ /

The use of maps is essential for the analysis and description of geographic spaual

'.relattonshlp&thatextstmtheeamenmem—hﬁefy—oﬁmthemapyusms datasourees*br“‘_

investigators in natural resources management /érban and regional planmng and other

disciplines are thematrc in nature: Analyses pérf ormed wtth these ‘maps have a common goal

'tp reduce the mapped rnf ormatron toa level which can be commumcated to others Vrsual

'analysrs can supply descnptrve measures of ten subjectrve in nature Quanutatrve analysrs

AL
mvolves the conversron of mapped data to numencal data, prov:drng a more efl l“ ecuve measure

‘of commumcatron (Muehrcke 1978) ' e

Frequently, the analysrs of themattc maps necessrtates combmfng two or more themes -

o through the process ol" supenmposmon o1 overlay Automatron of the overlay process for-use

in computer -assisted get}graphrc data analysis has been a subJect of mterest that has seen

contmual development/rn Tecent years. Today. a vanety of computer programs or sof tware
capable of perl‘orn;{n/g overlay mampulauons wrth dtfferent geographrc data structures, "are
available. The tet4ns polygon overlay and polygon processmg are assocrated with. these
sof tware systems since normally thematrc classes are represented as closed boundarres or
polygons 'Vhese software systems have consrderable potentral for many apphcattons in-
analyzmg and manrpulatrng spattal data usef ul to the geographer and cartographer

This chapter grves an overvrew of computer bas’ed geographrc data analysrs as a

- prelude to the development of polygon oveﬂay That area will then be discussed in terms of .

outlined. " BRI

,its hrstory. development of automated rnethods and the srgmf icance of polygon overlay as a

.. technique for geographlc data analysrs In thrs context the objectives of the: research are
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. 1.2 Geographic Data Processlng

»  Peucker (1980) netes that "modery" or.quantitative geography developed almost

paraliel to.the development of the computer. The demand for mapping programs initiated the

first convet‘sion of spatial data to computer compatible form in the late 1950's. Rapid -

. the lnvolvcment of many disciplines. Geographic data processing is a sy

' progress was madeun the years following in all aspects of computer cartography. which saw ‘

matic sequence of -

operations performed on data, the distinction hexg lying in the locational nature of geographic

~ data, The f tmdamental operations of geographic data progessing are compilation, storage,

transl‘ ormanon and display of mapped data (Nagy and Wagle, 1919) ‘ '

Geogxaphac inf ormanon systems (GIS) evolved as an approach to geographnc data ~

‘corporatmg data bﬁmanagement and Analysxs teclrhmues with data p:ocessmg

Th Sif ,'neous mcrease m the numbers of processes, sophlstlcatlon and data volume®

togethdt th grbwmg concems l‘ or storage and processing effi 1c1ency ;\resulted in the ‘

E deve:opment of mtegrated comprehenswe software packages whlch p}rf orm all phases of

t data management (Peuquet 1978) Peuquet s defi mmon gof a GIS. taltes that notlon and

dtstmgulshes it from a data base management system (DBMS) by addtng that mformatlon 1s

derlved froxn the analysis of data.” Thus a GIS would be def’ metkas a DBMS for spattal data

A
5\

g w1th the addition ol‘ analyUcal capabilities (Peuquet 1978) AN
Cad '

9

As the term stem .denotes, a GIS is made up of mtegrated components “each of

which may be vxewed gs a subsystem The vanompproaches to GlS*conaponents each deal

.dlf ferently with the l'unctxonal as well as spaual non spatial, and temporal aspects of data

~ . (for example see Dangermond 1983; Nagy and Wagle 1979 Mltchell 1978) Tomhnson etal

- (1976) 1denuf ies the f uncuonal components as 1) management 2) data aqmsmon 3) data

r

t

mput and storage 4) data retrieval and analysis, 5) mformatmn output, and 6) information

_use. Within the data analysis :component several majof. ’categories are identified These are

measurement of dxstance and area, reclassgflcanon stanstlcal analyszs charactenzanon of of

) cartograplnc nelghborhoods ‘and overlay (comparison of multlple data sets) (Tomlm and

.Bcrry 1979 Tomlinson 1977) Of these four overlay analysis techmques will be exanuned



'S . : & . . N
1.3 Map Overlay. ‘ |

ln simple terms map overlay is the placement of two maps. one over the other such

that one may view _the contents d(’both srmultaneously 'I‘he maps must be of the same scale .
. . [) »
and registered such that any: gtven pomt location is rdentrcal on both maps Overlay can be

defined as "the spattal syntheue process of groupmg back together information which has
beén prevrously analytrcally tsolated and classnfred from experience (Whtte 1978) :I;hts is
-often the case when usmg a computer where cartographrc data are f requently separated by

thematic class. o J e
X |

The -purpose of thts procedure whether the medrum mvolved is paper, transparencrcs

or an electromc drsplay. IS to: compare the mapbed phenomena to each other, to determme

,\

therr spatial association. Thus the person performing: the analysrs can. determme

correspondence or non- correspondence between any number of phenomena such as the

relatronshrp between sorl types and vegetauon types in a particular area o f N

Manual overla)7 techmques have been used for many years but spectf ic ref erences are %
' few In 1950 Jaquehne Tyrwhitt: provrded what is congsidered the first exphctt desc;;ttﬁr‘of

"the overlay techmque {(Steinitz et al 1976). Oth_er cases where the use of v overlays is implied

| ‘but not specifically ‘stated date as 'early as'l912; From that time through the 1930 only a few
vscattered examples are f ound 'by planners and landscape architects in vNew_ York, :London.

Dusseldorf and other areas (Stetmtz et al 1976)

l . /
Better documentatron exrsts for studies since 1950 especnally in the work of Ian /

. () /
McHarg His book Desr thh Nature rllustrates the use of overlaymg mapped ecologrcal /

/
physrographtc land use, and other "factors or classes in the planmng of medrum scaler ’
residential developments and other prolects Transparencres shaded wrth grey tones or,
combinatorial color schemes: both representmg attribute values such as water table Ieyel. soil

A

drainage characteristics, and forest cover Were overlaid to provide indicator's of,, for example, ~

. suitabrlrty for residential and industrial development McHarg ¢ 1969) states that the

methodology was famrlrar but the evrdence was not rndtcatrng that he was,‘mtrally unsure

L}

that the techmque would produce the desxred results which in fact 1t did. McHarg § work’ was

-



1 4 Automated Polygon Overlay in a GIS Environtnent ()
«productnon of a composxte data set from multrple sets of themattc data (MacDonald 1982),

1983) B ,f 9y

- compared to its manual counterpart \

@& :
& . o S

L A S ,_.‘. ) _,“‘ . A ‘ o . | . ’ H
instrumental in demonstrating that the overlay methodology provnded a means fi or ‘

1 N
v !

organizing. dtsplaymg. and synthesizmg multl dlmensronal spatial data" (Schlesmger et al
1979) S w L |

A

r

Automated polygon overlay performs(two maJor functrons in'a. GIS extractron of

.

data f Tom a user- dcfmed query wmdow wrthm a larger data set (Dangermond 1983), and

Thts compome data set Of map defmes areas or polygons. whose attnbutes are based on the-

l

attrrbutes o( the polygons contamecﬂn each separate map prior to composmon (Dangermond )

o
~.

'ﬁle impo;tance of this capability is that it-enables the user to determine areas that 4
meet certam pre- estabhshed criteria. These criteria are categ\cah and commonly bmary in
natuxe When ustng bmary criteria, the sets of polygons may be compared usmg ‘the 9 '
operatrons of Boolean set theory of mtersectlon” umon, and exclusron Frgure 1 1 ﬂlustrates

~.

- these. logrcal f uncnons through the use of modnfreq Venn dragrams The two top rows\cg

two sets of categoncal maps, btnary in nature. The left patr of maps contams two classes N

R

each, "A" and. not A", "B" and "not B”, respecttvely The polygons in. the nght pan' of

maps correspond o these classes. Below are shown the’ resultant polygons f or the basrc

Boolean set-dperations of intersection, union, and exclusion betwee‘n classes "A" and B

~ The representatxon of the mapped data and thexr combtnatxons by polygons grves the

3

user a "real. world" situation for visual analysis, wlnch is more effective for makmg decrsrons
(Allen 1976) Perhaps the greatest advantage of automated overlay is 1ts greater 'spwd
These capabilities and charactertstrcs indicate that polygon overlay is important asa -
spatial analysrs techntque in & GJS envrronment Mtller (1980) emphasizes this by stating:
"The f unctlon of map overlay or oomposltmg is essential to spatial analysrs The
_ ability to determine the union or intersection of various mapped data sets is probably

the single most important manipulative function of a spatial data handlmg system."”

# o : . . s
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1.5 Polygon Overlay in the Presence of Cartographic Error

Some degree of impreclsion is present in all phases of th cartographxc process. The
mechanical methods ol‘ documentmg spatial features, whether con )olled by hand or by
' machine, mtroduce positional error in defining pomts or lmes Slnnlarly. error in
interpretatlon of features can lead to posltlonal or classil‘ ication inaccuractes Another source
of efror ‘comes from the mdetermmacy of features or "f uzzy boundaries” (Dutton 1984)
between two attnbutes ‘which can only be approxtrnated The accumulauon of these types of
errors is not readnly reflectéd in the htgh prec:snon of cartographic data in digital form. A
program desrgned to calculate the mtersectton of polygons can return an exact solution
'f?accordln” to the data‘it is given, but the error whtch 1s attached to the data cannot be
N accounted for. .

Recognition of cartographtc error IS essentral to the assessment of data acquired
through spattal analyses such as polygon overlay ln order for such products to be used
effecttvely. the limits of their accuracy and/or reliability should. be determmed

- . , Q\[/
- 1.6 Introduction to the Research S .

1.6.1 Objectives 3
It is the objective of thxs thesxs to examine the effects of cartographrc error on the
accuracy of polygon overlay results obtamed wnth categoncal maps of geomorphtc features.

Drawmg on other research, & model of cartographtc efTor suitable to. the data wrll be used to

;f

calculate the amouﬁt of error present in the ongmal ‘maps and in therr overlard form. The
error model is based on the vanabthty in categorical boundanes and expresses this vanabxhty

as measurable area. The model can be used to determine error area fof mdmdual polygons.

1

i l':i/
“classes, and the whole rnap The error measurements can provide mfonnatron regarding ¥

?‘

usefulness and hmltauons of cartographic data obtained through OVerlay techmques v
-~ % c ° R

“
P



1.6.2 The Data Set and Approach to Reeearch " L

R L ~

“ E3

A small drainage ba,sm in lhe Steveville badlands m southern Alberta has' been the

-~

- subject of long-term studres of erosron rates and processes Brom 1hese studles erosion rates,_

have-been determined for lnhologrcal classes and the eff ects of - drffermg surface slopes on

)

. erosion have been calculated As an lntegral part ol‘ lhls prevrous research lt is desirable to

8.

o

s & e

determine the proportién that each combmauon ol‘ slope and llthology Tepresents wlthln the

study area. "lihese drlta .can then be used wlth meteoro%grcal pa{a lo esuma'-le the amount of
' K .“4 a
materral eroded from the surfa,ce of the area over time!
. 1 ‘ N ¥
Detarled categorrcal maps of surface. f eatures (combmed vegetation cover and surf icial

lrth0108Y) and slopes have been comprled l‘or the dramage basm Wrth the maps for slope and
lrthology entered into-a computer f Hfe as polygons, polygon overlay can be used to delcrmme

the intersections between classes of each category. The areas’of mtersecuon can then be
2
' w7 by .
calculated and Tetrieved. _ : Q e . -
- ) . N ? S .

T
The mapped data used for-this research are perhaps umque in therr contem and

P

coverage However the nature of thecomplex natural boundaries they descnbe is not unlike

the kind of map data which will be reqmred for overlay analysrs in many situations: Any

' spatral analysrs dealmg with natural features such as f orest ‘tover, hydrography, or sorls will

lnvolve the use of boundaries of questronable accuracy, due to error accumulated in the

cartographic process. The data chosen for this research, then, is suitably representative of

~what one would expect to encounter elsewhere. At the same time, the use of interactive

. T o . { .
computer graphics and polygo'n overlay in this application represents an innovative approach

to the synthesrs and analysrs of geomorphologrcal data
£

"The research is carried out in the following phases:
1. Application of overlay:
The categorical maps are overlaid to determine relationships between classes of two main

categories, surfaee slope and surface features wrthm the study area. The purpose of this

. applrcauon from the point of vlew of the geomorphologlst is10 produoe quamitauve

-

4

I3

2
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data about these relationships that can be used in the study-of geomorphic processés.

' H

2. Egror measurement:

. 1 P -

The eps;lon distance mode! of cartographic error, described in chaﬁt&r 2, is used to

¢
« —~ -

det&mine amounts of error associated with variability in polygon boundaries.
| ] Detennjnation of epsilon distance is based on k‘qown' error effects present in distinct
-‘ stagés of the cartographic process, f’ er the field survey to the maps in digital form.
The results of the application of overlay are presented and the relationships ,thus )
determined are examined. Results of the error measurements are thep given for the éﬁginal

and the overlaid, composite map. Error estimates are examined for each class and summed to

1

a single meas:ufe of error for the whole map. An attempt will be made to assess 'the effects of

the characteristics of the mapped data on the amounts of error found. These characteristics
O ".ﬂk’ 5 .

are the complexity of the natural boundaries found in the maps and the transitional nature of

» the at&fbutes present. These findings will be discussed in light of arguments offered by other

: 3 ‘ \
research. : .o . \
] . o “

- N
»



2. Litcraiur_é Review

4 v
[

this chapter, the gnd \and vector data structures and their correspondmg overlay methods are

reviewed, with-an emphasis on v&tor-bqsed apprpaches. Problem areas related to
implén;entation of -algori-lhms' are described. j o .-
Problem areas ‘are not confined to hardware and ;c}of tware capability. If the program
used\}o perform polygon 'overlay is r;tu_ming co;’reét results, then the main inﬂucnées on the
‘ quality of the o;rerlay results are the maps themselves. Two aspects considered are map
content and quality, in the form of data type and carfographic error, respectively.
Recognizing ‘these, an_.approach to measuring error in}roduced in fhe process of transferring

ground truth to a digital file is described.

i.z Data Structures
A spatial data structure can be defined a's a data. oruniﬁtioﬁ whoge clements are
“items of spatial aata that possess a relative location within a two-dimensional system, and an
associated set of attributes (Guevara 1983). The manner in which these data arc?torcd
| preserves the rel;tionships and logical associations between them, an& shpuld provide access
f rom one data element to another (Williams 1971). A reﬂresenmﬁc;ﬁal mosiel. usualiy in the
~ form of diagrams, lists, and an"ays. exists bétween the data model (map)iand the computér )
f ile to reflect the recording of data in computer c(ode (PeuQuei 1984). Spatial data structures
are divided largely into two categories, vector and grid‘.. by their basic logical elements.

v

9.
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A grid.data model‘\of a map can be perceived as a systematic sampling (Morehouse

and Dutton 1979) in x and y at regular intervals. The inherent form of the mapped thematic

&

"4

data is thus inverted. In an analog map, thematicContent 1s controlled and location of

.polygon boundaries is vmgd according to the description of the attribute. With grid data
structures, locatidn is corrtrolledxthrough the imposition of & rectilinear grid, and the thematic

. ¢ontent is varied’ for each location: or grid cell (Sinton 1978). This basic logical unit may be
based on other types of drvisron of lhe area (i; triangular or hexagonal). The square grid is
th\ most widely used since it is compatiblc with array data structuring in FORTRAN
programming; as well as with hardware devices used for spatial data capture and output
(Peuquet 1984). Irr its most direct form, one storage lof;ation is required for each grid cell in
an m by n matrix, and the’ lrrcations aré structured sequentially as a“list or array (see ﬁigure
2.1} Neighborhood rélitioné in ('a grid data structure are implicitly defined by the position of
the "grid cell in the array. Thxs characteristic and the high compatibility to the computer
system make sorting and searchjng'firocedures easy to implement. Alternative Nethods to ]
direct grid cell encodjng are employed to redur:e both the number of "f;m:pty" grid cells and

" the amount of storage required to represent "occupied' cells, such as run length ;ncoding. In
a single drrecuon (usually along the row) sequenccs of gnd'cells of the same value are

- represented by a single value aocordrqg to 'various notauon schemes (see Semwal, 1984)

| Becausc of the nature of gridded data, overlay operatxons are inherently simple. The
correspondmg areas of gnd cells are treated as two- chmensxonal arrays where the gnd cell
P(i,j) of map A is compared to the same grid cell in map B. Logcal operations’ are used for
comparison of grid cell values to produce areas of mggmecuon, umon, exclusion, etc. (see
Figure 2.2). Basic arithmetic operations mzry be used tp compute rrr:w attribute hvalues based

- on values of cormpondmg grid cells of the input maps\(Tomlm and Berry 1979). For an m
by n matrix, this reqmm (m x n) iterations of the logrcal or anthmeuc operation. A faster
al_gontpm has been developed by Miller (1980), utilizing a run length encoding scheme.

A
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The use of grid data structures involves consideration of two opposing constraints:
storage requirements and grid resolution. Representation of attribute values for every grid cell
results in Wasted space where there are null attributes. Ruh length encoding alleviates this
problem sornewlut depending on the homog?n?ﬂ%:ttﬁbmes of the map area. Directly

‘ rehted 10 t.he , problem of storue requirement is the size of the grid eell used. When source
data of vector or analog type are converted to grid fonut error is introduced where original
boundanes do not match grid boundaries, but mstead pass through the cells A decrease icell _';
“resolution resuItsu\ a linearly correspondtng increase in error (Muller 1977). It is desirable to
use a finer resolution to capture detail ih the origmal maps, resulting in increased storage
requirements. For a given map area. a reduction of grid cell size (mcrease in resolution) by
half quadruples the number of cells. Et‘fons to'm‘inimize storage 6t'ter_t result in a failure te
replicate the source data adequately due to a less tha;t optimum grid cell size (Miller 1980);

These generalization ef fects present in vector-to-raster conversions are felt to lead to serious

-
PR 3t

. : N :
inacturacies in identification and me4Surement of areas.

' ;“;2‘:2'.2\.Vect‘or Data Structures

Vector data structures cdmmonly define pomts lines, and polygons by using ( x,y) »
Cartesran coordinates-based on prtnctples of Euclrdean geometry (Dan‘germond 1983). Thus a
point or sequence of pomt/s lomted by (x, y) coordmates may dgpcrtbe a geographtc entity in
. © térms of a single, dtmenstor_tless point location, and single or multiple straight-line segments
c;f one dimension. A“‘iequence of points {w'nim closes upon itself, beginning and ending at the
same (x.y) lecattion, define§.';t twe-dtmensional area or polygon. This fundarnental map model |
can be represented by several types of data stfucture. This discussion will be limited to those
structures more widely _implerrrented and used with polygon overlay algorithms. ’

B The most’ elementarytype qf vector data §tructure_'for encoding polygons is a

sequential list file. A polygon identifier marks the beginning of a new polygon and is followed

by an ‘alternatir_tg sequence of x and y values. (see.Figure 2.3)' Thus each entity (polygon) on

oo
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the map equals one logical record mthe digital file, as defined by the string of (x,y)

coordinates. and, since polygons are .Closed' coordinates must be recorded twice for shared.
polygon boundaries ( Peuquet 1984) Failure to match comcldent points on boundanes results
m overlaps and gaps between nerghbormg polygons ‘ }

‘ The rndexed lrst or point drcttonary (Peucker and Chrisman, 1975) file structure

ehmmates the redundancy‘of twnce recorded polygon boundarres reducing storage, as well as

. solvrng the gap and overlap problem. A drctronary contams the pomts needed to describe .

every boundary on the map, while a separate polygon list contains the labels assoctated with

the pornts required to reconstruct that polygm\

T leet ple data structures are surtablh\ for storing and retrrevmg cartographtc lines

3 for dispia. ang¢ roductron purposes but the polygon records do not mclude any information

about its position relattve to other polygons By addmg the topologu:al nerghborhood function

of each element to a data structure, large tmprovements in flexrbllrty and appltcattons can be

mam

realrzed (Peuclcer and Chrrsman 1975). e

ar

Topologrcal data structures commonly us¢ a hierarchy of nodes, signif icant points

where two or more line segments meet chams the line segments between nodes and -

polygons formed from sets of chams -Each logical record is based ona cham consrstmg of,

‘

at least, a cham identifiers for the left. and rlght polygons and the begmnmg and ending
nodes Data structures such as those presented by Lam (1977) and Baxter (19!?0) include the

coordmates f or the nodes and mtermedrate pomts in each chain’ record In the POLYVRT

~ structure (Peucker and Chrisman, 1975) separate tables are created for both the nodc :

| coordmates and mtermedrate (detarl) coordmates indexed by labels in the charn record The |

RN

chain record is then 1ndexed by-a polygon lict contammg the name ol‘ the polygon and cham

tdentrfrers (see Frgure 2.4). Thus the node <cham and polygon hierarchy is mamtamed in the

L

f ile structure and the data can be searched at any of these levels elrmmatmg unnecessary

processrng overhead.
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ln the application of polygon overlay performed for" this thesis, overlay operatiops with:

- categ%cal maps use a Vecror data structure This type of data structure is used becduse the

original map d\ata exrsted m analog form and was captured on a digital f ile in vector format.
' 2]
Conversion of the'm#ps from vector to grid cell fotthat would lend an additional error
g . .

component to the definition of the polygons'and would affect the area measurements of the .

-]

original polygons as well as the overlay results. This is undesirable in the context of measuring

‘and assessing cartographic error, which is fundamental to the analysis.

‘2.3Polygon Overlay with Vector Data Structures

Polygon overlay can be dlvrded mto three sub- tasks pre-processing, intersection, and

P

reconstrucuon Detalled descnpnons of working programs are found in Whne (1978), Lam

f_(1977) Guevara"(l98‘3) and Weiler’ (1980) For the purposes of this thesis these sub-tasks

" are generallzed and specrl‘ ic programs are cited where necessary. The overlay program used

for the applrcatron study is described in Chapter 3.

= Py “ oy : 4

Pre- processmg is here considered to be any mampulauon of the polygon data before
line segment mtersect_ron is perfo_rmed. The purpose of ‘most pre-processmgﬁnampul_auons is
to increase program efficiency by eliminating non-interse'oting polygons.;or»'\by:regmrctprin”gf,
tlre polygon data for rrrore efficient use. Pre-processing includes -sorring polygorr sets on the X

or Y axis and creating new, ordered files to be overlaid (Tyng 1985, personal conimu;lication).’

This reduces the amount of searching requi_red to retrieve arid compare polygons that are near

”

each other. . | o e
A widely used pre-processing routine for vector polygon overl_ay 1s the bounding

rectangle check. Then‘iinimum and maximum. x and'y coordinates, representing a rectangle °

| contairring the whole polygon, are coxrrpared f or two polygons to be overlaid. If the rectangles

do npt overlap.,ihe polygons cannot intersect. Bourrding rectangle che_clis can also be



¢

P | » ‘
perf ormed on mdxvrdual line _segments (Burton 1977) 'S0 that intersection computauon need

only be done f or those segmems whose bounding rectangles overlap

2.3.2 lntersection

. Intersection is the fur;degnental task of overlay. There are two commonly used
mEihods for calculating the integeclion point of two straight lirles in a plane. The -
‘slope-determinanl form is used 1;'1 the polygon overlay program QVERA.- Given the points A,
B, €, and D Whlch define line segments AB and CD, the respective slopes of the line

‘ : 14 ! ) /, ' -~

' segments are: - e .
S(AB) = (YA-YB)/(XA-XB) and S(CD) = (YC-YD)/(XC-XD). The intersection of the
two lines: (XI, Y1) is given by'ﬁ y | \ |
XI = (YC - SAB® XC - YA + SAB * XA) / (SAB-SCD) and
YI = SAB * (XI-XA) + YA (from Lam 1977). e
Vertical lines 7 bifdlite slope)‘énd horizontal lines (iero- slope) create diff iculties in calcuiation
and must'be treated as special cases., The above form defines the Hne segments as lnes of |

N mfrmte length, extending beyond the four endpoints. Usrng this form an intersection pornt

‘ may be calculated which does not lie wrthm the segments, so this condition must be tested f or
Another method of mtersecuon applies the general linear equauon AX + BY +C=0:

"By use: of the Tefationship u = ay. - bx, every point (x,y) ona smgle line (a, b, c)
can be assigned a unique value u. ... the point of intersection: of line (a, b, ¢) with

- line (p, q, 1) is given by x = [(br» cq)/(aq-bp)] and y = [(cp-ar)/(aq-bp)]. .
this line representation has the advantage that it leads to the elmination of the special
case of lines with an infinite slope The immediate disadvantage is that it is

computationally more expensrve since it involves the solunon of a system of three
slmultaneous hneax equauons (Guevara 1983, p. 58).

Regardless of the method used to compute the intersection point, a basic consideration
of the algorithm is the umber of times this operation must be performed. If no type of
B 'epre-processing is done before the intersectiprretep. ‘then each line segment in orl'e setof

polygons must be compargd-to every other line segment in the other set. For two sets of
- el ,
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- : polygons; contaiMng a total of n segments the comparisor‘ffmust be performed n(n - 15- or, |
¢ (n*- n) times. In the notation of space/trme complexrty analysis of algorithms the linear

| term of this function (n) is dropped and the quadrattc term (n’) is used: to express the order
.ol' magmtude of time reqqrred -to perf orm the task. Pre-processmg such as the bounding
rectangle check eliminates line segments to be compared but for those n segments that must
subsequently be compared thés step wrll be perf ormed on the order of n’ ttmes Line b N

intersectton is often referred to as an "n? problem" (Shamos 1975 Trlove 1981; Teng |

personal commumcatrons 1985) for this Teason, and consequently can be very "expensive" or

\

r'y
time consummg for large data sets 1nvolvmg thousarlds of segments Hence the neéd for

Al _/ P lc
pre processmg manipulations such as boundmg rectangle checks and lme passrng

2.3.3 Reconstructlon : ‘ LT

\ FOnc'e intersection points are determined 'theprogram mtlst breakfthe'llne ‘segments at
that potnt and determire whrch of these new lme segmems to use to generate the resultant . .
polygon Thrs phase of- polygon overla)" has been observed to be the most difficult (Guevara --
1983 p 113) Unfortunately it is also the least discussed. The followmg descrtptrons are
basecl’ on specific examples f ound in the ltterature ‘

Methods of reconstructron are highly dependent on data structure In topologlcal data
structures, the mducec_l drrectton of a chain given by its starting and.endmg node play an .
essential part in reconstructirig polygons f rorn broken line segments. For example, tt_h_e
K‘ program WHIRLPOOL (White 1978) “cycles” around broken chains and determines “based on

parentage to which resultant polygon the portton of the chain belongs A similar operauon is
performed by OVER (Lam 1977) These two programs create a composrte network of

~ polygons with attnbute values assrgned according to whether the polygon is composed of )
either one of -the original categories, or both. \“

An example of reconstruction in a non—topologrcal data structure is in the overlay

module A.NOT.B (Guevara 1983) It exammes a decision table'to track the segments of the
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resultant polygon. To construct the intersection ‘between polygons A and B, for.exa!mple. it

|

starts at any knoyVn intersection polnt of the two poly‘gons ‘I’be decision table determines
'whlch of the four line segments (originally two, now broken at the lntersectron pomt)

radiating from that point def lne part of tlte resultant polygon. From there, the resultant

"w

polygon boundary (whrch mtght be part ol' A, for example) is followed ‘until another
mtersectron point is reached. It must then switch polygons to B, and the decrston table
vdetermlnes the correct drrecn% in which to continue followrngcalong B to define the rest of
the res{lltant\ polygon. A similar approach is deseribed in the overlay processor for PIOS

(Tomlmson et al 1976), but the construction of the resultant pplygons is performed

2

) srmultaneously wrth mtersectlon and the use- of decision tables is not mentnonecf

2.4 Problem Areas in Polygon Overlay ‘
A group of problems associated with polygon overlay has been 1dentrl‘ ied by Guevara
(1983, p. 11). Most closely related to the aims of, this résearch are problems ongmatmg in1)

.operational problems in the algorithm; and 2) accuracy and reliability problems of polygon
: ) . ’ - N ’
overlay caused by data type and error in the mapping process. o

g

©

2.4.1 Operationa) Problems | s

1. Digital roundoff. In early attempts to write routinés for~calculatin"g( the i'ntersection point

of two lines, Douglas (1972) ldentif ied cases where the intersection oi:‘f two line segments

<

" lying very close to each other were incorrectly determined, due o roundmg of the

~ significant digit values for the vertices of the lige segments’ as well as the, calculated

mtersecuon point. His soluuon was to defxne a toleranoe distance, equal to the amount of

roundoff such that a point is defined as bemg on the line if it is wrtlun the tolerance,
 thus making the pomt a valid intersection. s |

2. Subjomt or nested polygons This condmon occurs when one polygon is contained totally

A\
within another. Nested polygons may take on multrple levels of complextty First, "holes”
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can exist in classifications where a continuous polygon of one class completely surrounds

another (e.g., forest surrounding a lake). Sgcond. there can be "islands" within the holes

L (e.g. an island in a lake of the same forest class as that surrounding the lake)

Identification of these conditions is necessary to corrcctly solve the logical mtersccuon
between two categones Otherwise, significant errors can result. Commonly a method of
identifying nested polygons is included at the data description level, such as a special'

) ) .
identifiet bit for nested/unnested condition in the polygon descrir.tion (Tomlimson et af

.
1976). ‘Another method used, for cases of islands within holes. is to connect the island to
the exterior bou,ndary with a line segment (Smton et al 1972b). ‘

3. Spurious polygons ‘Both Guevara (1983) and Lam (1977) classify spurious polygons as
an operatiortal problem, in that it results in the gene?rauon of many small.‘;resumably
érroneous poiygons, requiring additional processing to perform the imersecu‘pn, tracking,

- and generation of resultant polygons. This "unn_efcessary" processing is considered a 7*‘ '

. lhindrance to operational efficiency. However, it will be seeg\)below that spurious polgrgons

originate in map error. »

?

-

2.4.2 The -SpuriousluPblygon Problem
Faise or épurio’us polygons are formed when, as a result of overlay, two vcrgié(lig‘,’pf

" the same geographic line fail to coincide, but instead cross over each other more than -b_ﬁg“'e-‘ ’
over portions of thei&leﬁgth. The net effect is the 'generatio;l of many' small, sliver-like
polygons (seé_u?Figure'Z.S). TheSe e especially evident when twe versions of the same,
geographic liﬂé. digitizecd “nde,s wientiv fre'compared. (Goodchild 1989a). For such cases it

. must be considered tha® ez v. -, wityus polygons from overla.ying identical geographic
lines is strictly the result v~ digrizing error, smce ideally the lines should comcxdc When

K dealmg with mdependently deiivea coverages, which is more commonly the case in polygon
overlay applications, the generapon of spunous polygons is a result of the proximity of

feature boundaries between the coverages, as well as an error component. It is possible that
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Figure 2.5 Spurious polygons generated by different versions of the same feature(top) and

near-coincidence of different features (bouqm)

2]
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sliver polygons generated from similar geographic lines are real, because the features do not
coincide, but instead are just similar. anvérscly. simpar lines may coincide where they should
not, due to error. Such conditions are difficult to idchtif y with independent covenses.‘ In the
case of different coverages where the same geographnc lme is incorporated as part of a
boundary on both coverages, spurlous polygons can occur where that feature is delineated
differemly on each coverage. Difference in delineation af the same feature might also be
considered to be mapping error, but it is difficult to avoid, especially when using covérages
where .boundarics inc9rporate man-made features such a$ census trécts and admi}xistrativc

boundaries that include. roadways and survey grid lines in their definition.

2.4.3 Effects of Data Type on Spuriou; Polygons
* The number of éolygons generated f fom an imersectiox; of two polygons of n, and n,
vertices, reschtivcly. can range from three to (nyn; + 2) (Goodchild 1978). This
' exporiemial growth function means that. a;s the polygons .,l;ecdme.more complex, the potential
number of spurious polygons increas.es tremendously. Goodchild illustrates that the number of
spuridus polygons created _i's greatest when the digitized lines have high density of points
(greater level of detail): and have high statistical similarity, or tendency to folliiw ca&h other,
Conversely, if the lines voverlaid_are less detailed and are derived from indepeiidently mapped
distributions, spurio'us polygons are reduced.
The number of polygons generated Juring overlay thus depends on the complexity of - .
the boundafies that are compared A line of homogeneous characteristics along its length is“ 'l
statistically stationary; a change in the threshold level of the digitizing cmcnon mcasure wxll
produce a propomonal change in point density. It will also have low senal correlauon of
duecuon which is the degree to which the line's direction can be predxcted given the dlrecuon
at a previotis point on the line separated bv a consiant lag distance (Goodghxld 1978). An

example of a line with low serial mﬁelaﬁon would be a highly sinuous, meandering river.

Non-stationary lines have high serial correlation, for example, part of a provincial boundary

]



com;osed of long, straight stretches interrupted by sharp corners. Given two versions ol‘ the'
: §

same. line, those with the lower serial correlation will intersect each other more often, Hlung
in greater numbers of spurious polygons, than will two lxnes of high serial correlation.

The effects of varying stationarity and serial correlation indicate a significant

h difference in overlay error using natural versus anthropogenic polygon boundaries. Digitized

lines representing legal and administrative boundaries will incorporate survey grid lines, street

| centerlines, and cadastral boundanes These types of lines should have relatively high accuracy
and low point density compared to natural boundaries that are 1rregular subjectively defined,
and influenced‘ by generalization processes. The lack of reliability in natural boundaries is
reflected in cautions advanced specifically regarding the use of such bonndzirieﬂor overlay
analysis (Bie 1980; Gooclchild 1981), but no similar warsings are‘_f_ound“l' or data types such as
administrative or legal boundaries.’ A’very important point maih..fegarding reliability is that
the accuraey of source data cannot usually be improved, and miist be accepted (doodchild
1981). Considering that the majority of applications of polygon overlay will include natural

boundaries, l&;navoidable error associated with them should be taken into account.

2 5 Cartographic Error
"The great diff 1culty that is encountered when attempung to solve the polygon
overlay problem is not at all obvious. This.is because it is really the separate problem
. of data error. The polygon boundary locations are not exact. Errors in surveys, the .
source maps, the digitizing process all combine to make the boundaries only
approximate locations " (Dougenik 1979)

*

Error can be defined as any form of divergence between the map and the earth's N
surface (Chnman 1982b). This mcludes generalization, where simplification, aggregation, or -
elimination of features (Rhind 1973) reduces the information content of the map.

| Generalizatiox;is a form of divergence, introducing both intentiongl‘and unintentional error
through'tlie failure to eapture all‘th“e‘details on the map. Different generalization processes ™
are assoehled with distinct sources of error introdoe_ed‘in the mapping process. The most

recnrrent sources of error, as defined by Chrisman (1982b), are:

1. Locating ground position. Thi$ is initial sunkying error, and applies to, points measured
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and all information imerpolated between the known points. This type of error is easier to

of( with aichaccount for than other types of error, due to ref inement of point érror

‘ n‘odels used in @e@y (Chrisman 1982b). ' *

}

Im&rpretation Human error is present in both direct field observations and examination
of other source data such as aerial phorogfaphs or maps. Error in discriminating oeti\reen
surface attributes results in inaccurate plaeement of boundaries. Interpretation error is

. related 1o descriptive generahzatnon (Cook 1983) as human judgethem affects the - |

definition of homogeneous areas Gross misclassification of surface attributes is included

in this type of error. ™
Scale. The level of spatial generalization is defermined by seale. again influencing the

.

interpretation of boundaries and aggregation of inhomogeneous areas..

Conversion to map space. Manual drafting errors stem f rom\ the tQ;& components
involved: the pen, the drafisman, and the paper or other medilrm used ‘Red.raf ting of
boundaries from one map to another can involve errors between the two versions of the
line which are not detected because they'are within the combined thickness of t}‘\e-t\;o‘

lines (Chrisman 1982a). Generalization in the delineation of regions in an original or a

1 ‘ .
afigd version is the result of decision:making processes on the part of the draftsman.

' Dther effects stem from misregistration of maps and the stability of the medium used.
Digita} handling. One source of error in tiansferrmg mapped data toa dxgita.l file is
nurperical roundoff during dlgmzmg The amount of r0undof f is dependenl on the
the person handlmg the cursor (0.025 mm is a common resolution). v
. The actual process of digitizing mtroduces the largest potenual error in dlgntal

' handlmg (Chnsman 1982b): Line-f ollowmg errors, similar to manual draf nng. of
psychologlcal and physiological origin result in errors that far exceed the resolutmn of
digitizing equipment. Studies have shown that .despite efforts to maintain a standard of —

minimal error of about 0.1 mm, operator-related error can exceed that- standard by a
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factor of five and sometimes by & factor of ten (Jenks 1981). Realistic estimates of
manual digitizing emor cittd by Chrisman (1982a, pp. 62-64) range from 0.145 mm to
0.5 mm. | Because mont didtizlna methodsmae a string of straight-line mems to
represent curved lines, generalizatron is inherent Generalization from simplification of
lines results from point elimtnation and smooming. especrally on lines defining natural
features (Jenks 1981). -

The combined effects of errors in (1) through (5) above result in’line segments in the
-digital file which do not agree with realrty Two Versnons of the same geographic line, digitizpd
A independently during separate mapping prooesses wrll of ten drsagree in location. This is where

map error rs reﬂected in polygon overlay. in the form of spurious polygons.

Lt .

N
2.6 The Epsilon Distance Model: A Method of Measuring Cartographic Error .

2.6.1 Background and Definition | , . ﬂ

. Methods for measuring vanabrlrty m the locatron of cartographic features can be
applied to point, line, and areal data. Pornt error models as applred 10 surveying and geodesy.
usually take (x.y) coordmates as unbrased estfmates of the posrtron of a pomt Random ertor
in location forms a probabiltty drstribuuon rdenncal in all drrectrons about the point, and . |

oonverting the pomt error rnto areal error, as shown -in Frgure 2.6 (Chnsman 1982a). Under a

R nonnal drstnbutron ‘the circle of radius ¢ represents one standard deviation from the pomt in

all directrons and the dashed gircle of diameter 40 descrrbes the area contarmng 95 percent of
the dtstributron at-plus or minus two standard devratrons _ :

Peucker's (1976) theory of the cartographrc line represented by recursive bands lends
itself to error measurement for linear features A line string betweén any two pomts defipes a )
- rectangle or band of variabrlrty by oonstructron of a single line. segment between two |
endpoints, projected parallel on cither srde to the same drsranoe as the maxnnum deviations
from the central trend line (see Figure 2.7). L o o

Ay
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Figure 2.7 Construction of recursive bands for a line string
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These ‘fiotions of bands of devratron and probabtltty of locauon are taken ohe step
|

f urther in the epsnlon dtstance model. This model is based on concepts put f orth by H.

Lo

Stemhaus and J. .‘Perkal in the 1950's, and is d_el' ined by Chnsman‘ (1982a) as follows:
[ ¥ : ) ' . N m'

"Gwen a cartographtc ltne as a straight lme approxrmatton it might be‘assumed that -
* the true line lies within a constant tolerance - epsilon - of the. measured line. The
' parameter epsilon might. bea technical feature of the measurement method or applied
*as’an index of confidence in the map. 1In either case, the distance epsilon defines a
~locus of points around the line which should contain the true line. For a straight line
segment this locus is simple, consisting of the union of a rectangle parallel to the
segment, twice epsilon wide, and circles of radlus epsxlon centered at each end
. pomt "(Chrisman 1982a) : L

Determtnatlon of epstlon dtStaﬁceds based on the amounts of error mtroduced durtng
‘, " the .tr'nappmg process. A basrc_‘assum\pt,abn.,of' the eps'tlonadtstance model is that these errors.are
- ’independent. unbiased, and,_‘when”c‘ombined. they are n‘orma‘lly distributedeith the -
: “distribution c"urye'éentered on the line For each point alprobabillty 'distributio‘n f unction for
) ‘ltS location is assumed where the pomt location repres;nts the mean value’ and the- dtstance
! vrilyepsrlon is equal to the vanance When ‘this dtstnbutton f unctlon ts extended between pomts
def tmng a pOIygon it descnbes a. band of total vartabthty with a measurable area, on erther
srde of the polygon (see thure 2.8). The epsrlon dtstance model for lmes can then be vrewed -
S asa hmtt of the. pomt model with all pomts along the lme grven equal wetght (Chnsman 1
| The areas. wrthtn the msxde and outsrde bands around the polygon represent the upper

; and lower limits of the polygon area and can be expressed in absolute terms orasa

. -34

' percentagc ol' the polygon nself The combmed area of the inner and outer bands expressed '
‘asa percentage of;, the measured polygon are‘a can be mterpreted as a measure of ! rebabthty

f or the polygon lf the total area contamed in’ tbe epsrlon bands is 20 percent of the’ measured

| area, then one woilld say that the. potenual error assocrated w1th the polygon is 20 percent oI &
‘that the polygon area measured is 80 percent reliable. T

The condmons of conttgutty of polygons thbm the coverage af fect the. rehabtlxty f or -

de_scnptton of a single polygon. Eveﬁrypart of an epsilon .band, inside a ‘given polygo_n,. is partr.
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of the band for the outside of a neighboring polygon, 'an'd. vice versa. Thus the area that is
» : ' : C 1

inside the polygon boundary and also v}ithin the inner epsi’lon.«band is potentially part' of any '

of the adjacent polygons. The fact that the bands .ol‘ error are shared "by contiguous polygons

‘within the coverage will hayefan effect on calculating. the total area of the bands;

-

»

2.6.2 Construction of Epsilon Error Bands ,

W

'l'o construct the error band which defines all pomts wrthm dtst'a'r'tce epsilon of the

Q

' polygon boundary, two aspects of the boundary come into play the boundary rt§ell‘ which is

the perimeter of the polygon. and the angles formed where two segments Jof the ponmeter
join. The band for a single segment, as described before, is composed of the union of a
rectangle twice epsilon wide, and circles of radius epsilon centered at each e_ndpoint. The band

fora polygon containing multiple segments, would then be the unidn of the individual bands

B { or all the segments of the polygon The polygon boundary essenttally splrts the band into two .

bands, for the msnde and outs:de the polygon v .

. The rectangles def: med‘by each line segment and a line parallel to the segment make

- up the g_reatest.prdportion of the band.‘Without taklng the effects of the endpoints of each

i *se’gment into account, perimeter times ep'sﬂon--distance would result in rectangular bands

assocrated with the inside and outsrde of the polygon boundary, whose total areas are equal
Where the segments meet, the rea&angular band%'so meet at that common endpomt Unless...

the angle between the segments is 180 degrees the rectangular bands wrll overlap on the

. 4
", concave srde and fail to meet on the convex s1de The resultmg effect is to overcount the area

"on the' concave side and undercount the area on the convex side (see Frgure 2.9). If epsilon is
very small. the effects of intersegment angles is slight, but as epsnlon increases the proportion

of overcount and undercount in relation to the basic perxmeter bands becomes srgmfncant |
(Chnsman 19823) Ad)ustment of the effects of mtersegment angles results in asymmetnc

outer_ and inner bands. and likewise asymmetenc upper and lower bounds for the polygon

-
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Figuze 2.9 Effects of intersegment angles on area of epsilon bands. Shaded areas show

junt on concave side of angle, undercount on convex side (after Chrisman, 1982a)
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Figufe 2.10 Complete overlap of inside epsilon bands, shown in shaded area
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it ‘indicates that the varrabrlrty of the polygon ar

-
3

.Eirrther eomplications arise in construction of epsilon bands when the shape of the

polygon causes nonadjacent bands to overlnp.)‘l'his condition'is most likely to occur for inside

bands, where the dlstance betwegr segments that are not adjacent to eaeh other is less than

twice epsilon for part or all of their length. The area -of oyerlap. if not subtracted, represents

. an overestimation of the lower bound of the polygon area, that is, the.estimated lower bound

. ridd A . “ .
area will be smaller than the "true™ lower bound. In an extreme case, where all inside bounds
overlap. the lower bound is negative, though realistically the "true” lower bound is zero area

(see Figure 2, 10)

Ry

The occurrence of zero or negauve lower unds for a polygon has signiﬁcance.in that

, due to its size and/or shape, is so great
thal at one extreme the polygon would not exist; i _wad. the area within the polygon would

actually belong to different, nerghbonng classes. The rquestionnble e)ristence of the polygon'is_

" - a result of error assdcia_ted with thepol;'gon boundary, error accumulated in the cartographic

process. Spurious polygons oceur for the same reason, that is, cartographic error crezrting a
. - »* b .

Ppolygon that should not exist. The relationship between this characteristic of the epsilon bands

" and the presence of spurioys polygons will be explored later.

o

2.7 Implications for the Application and Analysis

S

The fi ollowi_ng sections focus on a specific application of polygon.overlay with

categorical maps of geomorphfc data. The success of the application, from the point of view

“of geomorphrc research depends largely on the accuracy of the results. The accuracy of

overlay results wrth polygpn data 1s largely a function of the accuracy ol‘ the drgruzed maps. It

is mﬁefore essermal in assessing polygon overlay for use with geomorphrc data to

i ?quanutanvely assess the error involved in the mapping process and its transmission to the

overlay results. The epsilon distance model provides a means for doing so. Using this model,
the ef fects of cartographrc error can be expressed as an amount of' relrabrlrty associated with

the orlginal maps as well as the resulting composrte map.

.



3. Methodology of Polygon Overlay and Epsilon Band Measurenrent-

31 lntroductlou

| When \yorking with_ applications in an automated data processing enviroument the
hardware and sof tware confi tgurauon employed define part of the methodologtcal framework.
The frrst section of this chapter bnefly describes the computer graphtcs system used in.the
application study. The actua}t steps taken in the overlay processmg. f rom acquisition of the
original mapped data, to generation of the overlay results and assoctated data are then
described. Finally, the steps taken to caleulate the epsilon error_ ‘bands are explained.

@
3

3.2 The Intergraph System ‘ : -

.

' The system used is a turnkey mteractlve graphics system desxgned by lntergraph
Corporatron running on a VAX-11/730 mmtcomputer The Interactive Graphtc Desrgn
Software (IGDS) 1s a group of graphics programs used for input of design elements and
dtzrtized map features dtrectly toa drsk resrdent file. A free-floating cursor is used to define
graphic elements on the design surface, which may be either the command menu tahle or the '
digitizing table. The IGDS iucludes subsystems for file management and output of ‘graphics to
plotting devices. The IGDS is desrgned to interface with other Intergraph software systems,
such that these systems may be accessed whtle the user is in graphtcs mode The result is a
flexible and user-friendly environment for building cartographic data files to use with
database management and analytical software. - l. B

l)esign files are open-ended and must occupy ~contiguous—>space ou the‘: disk to be
_accessed-vby IGDS. Graphic coordinates are stored in 32-bit precision, resulting in a design
plane of 4.294,96_7,296 units of resolutidt in‘ both X and Y. Craphic elements may be assigned.
t0'63 display planes in the f ilej,“called levels, which may be viewed separately orin any

combination. -

| 33
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3 3 Graphic Polygon Processlng Utillties (GPPU)

' lntergraph s GPPU is described as-"a single, f ully mtegrated software package used to
dlgitlze. create, edit, analyr.e. and display thematic map data."" GPPU can generate polygon -
b_ougdaries from a line string network or \’vill accept boundaries already digitized as closed
polygons. In either case each pélygon must have its boundary defined by a line string whose
starting and ending points are identical. Thus boundaries between contiguous polygons exist
‘twice in the design file, as with the snmple vertex list data structure descnbed in Chapter 2.
GPPU inCludes processors capable of checking polygons for.conditions such as unconnected
" line string ends, loop errors in digitizing,. and polygons residing on the same level whose
boundaries overlap All of these conditions are invalid for polygons Information in a
database can be assoclated with a polygon by an element lmkage A linkage is a tag or pomter
at the end of an element Whlch refers to a parucular occurrence record in the database
(Intergraph Corp 1985a).

The analytical processors of GPPU use element list l‘rles as input. Thts file contams
the disk sector/byte " pomter of each element, the desrgn file specrfrcatron and the associated
database specrftcatxon (Intergraph Corp. 1985¢c). er analytical processors 1ncludmg the list
file generator are avarlable

Polygon overlay is done usmg the Polygon Overlay Processor (POP) within GPPU
Usrng polygon element list files as input, POP performs six functions. Three bas:c overlay
functions are mtersectmn (AND) union (OR), and exclusion (NOT). Two extended logical
f unctions are also available; exclusive union %XOR) and inclusive union (OR2). Fmally,
function to merge contrgu_ous or overlapptng polygons is available. When companng two sets
of polygons GPPU designates the frrst mput set as the sub/ect set, and the second mput as
the criteria set. The subject set is tested to see if jt satrsf ies the relationship to the criteria set
as stated.by the logical operation used. ‘Companson of subject and criteria sets for
intersection could be stated' as the question, "Does polygon A (suijerct) satisfy the criteria

*

Tatergraph Corp., GPPU Users Guide (8.8), 1985
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" that. polygon A mtersects with polygén B (crlterra)"" e

w

For any of the logical f uncuons the basrc operations are lme segment intersection
‘between two polygons, followed by construction of new polygons representing the correct

solution to the logical function. This can require on the order of n’ comparisons for two sets

o

of polygons represented by a total of n vertices. Reduction in this maximum number of
intersection calculatldns is achieved by performing a bounding rectangle check on palrs of

polygons as they are processed In some cases, further efficiency can be achleved by ordenng g

~ the input of elcment list files such that the set with the larger number of polygons is used\as

the subject set, and the smaller ,number as the criteria S8t (Teng 1985, personal

o

communication)

. : Ltke other programs operatmg ina non- topologtcal envirgnment, GPPU creates

}
temgporary files and. tables during the comparison of polygon sets to "track " the resultant

polygons during thei’r creation Detailed information on exactly how this l&done is not
avarlable from lntergraph Corp. A general descrrptron ol' the processes involved is given by

Teng (1985, personal communication)

£
)

"A pre-processor strokes thg‘pdlygon vertices and other relevant header information
for all the polygons identified in the input list files into work files. The islands (if
any) are properly identified in these work files. In perf orming the overlay analysis,
two sets of tables are created to store, at any given time, the relevant, information
describing one polygon (and any rslands) from the subject set and one polygon (and -
any islands) from the criteria set. Based on the e of Boolean operation, a range
rectangle check [is) performed to see whether this pair of polygons overlay. If they
overlay, further processing is performed to determine-the intersection points. Again, o
based on the Boolean operation specified, resultant polygon(s) are created from the
pair of 'parent’ polygons. When all the analysis is done, a_separate sub- - processor
generates an output design file containing all the resultant polygons.”

\

Of primary 1mportance to this application is the retrieval of areas and perimeters of .
the original and resultant polygons Thrs task is handled by another GPPU processor named
AREA The AREA processor calculates the area and perimeter of mdmdual polygons using

an element list frle as input. These values are stored in database occurrences linked to the”

polygons.

0
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34 'fhe Database |

As/a requircment of the AREA processor and thus a necessary step in the application
study, a database structure was defined using the Datn %anagemem and Reeﬁeval System

. (DMRS). DMR§ uses a network structure in the definition of database files. The network
structnre consists of elements which can be linked to any other elements and may, or ma& not
be arranged in a bierarchy of levels. Tbe elements in a DMRS database are known as entities. F
Entities are related to each other with .owner/‘mem‘bef relationships. which are analogous td
parem/child relatidnships in a hierarchical structure. * Records within enti'ty files are called
occurrences, and contain data items known as attributes. |

The primary DMRS file is the schema file, which i is crea}ed by the Data Def inition

Language (DDL) compiler. Subf 1les in the schema file defirie the structure of the entity and

-

attribute data records within the’ enmy file. 3 »
For the application stud_y.,each category of polygons within the study area (e.g.. slope—
and surface feaiure) is associated with an entity level in the database structnre Inform’atibh '
about eachqenmy level is stored in an entity file i Jin the form of attribute values. Indmdual
graphxc elements or polygons are linked to smgjc oocurrences in the eorresponding entity file
via an attnbute lmkage The attribute linkage definition contams lmkage type, entity number
; (‘and oocurrence number pomung to a unique occurrence of ennty/atmbute information in the
database ‘ The name of the database is specified in the desxgn file header w the attritute
lmkage is created, a bit is set in the graphic element header information to in?c‘ate that the
efement has a linkage, and the linkage information is appended to the ,element\.
The relationships between entity le,veis forms a Qimple two-level hierar.chy‘ of entity
files shown in Figure 3.1. The entities shown * are numbered 1 through 5, to‘ the left of the

deeimal point. Attribute value names are listed below for each entity, denote_d by numbers to

‘Intergraph Corp.., DMRS Data Deﬁnmon Language Users Guide (8.8), 1985.
‘Intergraph Corp., DMRS Control Block Users Guide (8.8), 1985.

‘Intergraph Corp., Application Software Inter face Document, Appendix C, 1984.

‘A total of 12 entities exist in the database,” to accommodate data for other entity
levels not used in this application.

¢
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the right of the decimal point. The boundary of the %ainage basin defines the extent of the

polygon categories, and resides at the "highest” entity level. Entity files for the polygon

categories and their overlay resultant classes reside at the "lower" level. Polygons are
associated with the basin entity level by a pointer attribute, named IN BASIN which contains
the basin occurrence number This attribute was created 80 that polygon data from

neighboring dratnage basins might be added in the future Attribute values for each polygon

occurrence in an entity file includes its class name, area, and perimeter. Attribute values for

. polygons resulting from POP processing include names of parent polygon classes and

categories. o,
3.5 Preparation of the Data

3.5.1 Organization of the Source Maps

Within the drainage basin described in Chapter 1, a detailed field survey was
undertaken to map the categories of three classesrof interest: vegetation, surficial lithology,
and surface slope. Boundaries between classes within each category were compiled directly on

to en arged aerial photographs of the study area, at a scale of 1:1 600. For each class, the’

- field observations of the boundaries werWiraced in ink directly onto stable film, along with

the boundary of the drainage basin.

Prior to digitizing, some of the classes X&r’“ﬂrq original rnaps were aggregated (see
Table 3.1). The aggregated categories represgnt il&r features which do not need to be
dif ferentiated for the purposes of the overlay%ilysxs Two of the three original classes of the
vegetation map were combined. resulting in a binary vegetation classification of "vegetated"
and "unvegetated.” Aggregatiqn of lithology classes by similarlgc:haracteristics resulted in seven
digitized categories from twelve origin'il’categories. None of the four original slope classes

were aggregated.



. » : . '
Table 3.1 Mapped classes of the study area, before and after aggregation.

Original Classes Aggregated class

Shale \ 2
Disturbed (mass movement)..................Shale

Sandstone........... ceen o cessssecceses.Sandstone

Ironstone (bedrock and Féagments)......Ironstone‘

.Alluviai......;.............,;.%...;....Alluvial

Pediment/Fan - .
Sandstone (pedlment/fan) e+ees...s.Pediment/Fan

Unknown (grass covered)..........e.c........0ther

Interbedded shale and sandstone

Interbedded shale and ironstone

Interbedded sandstone and iropstone

Interbedded shale, sandstone, and
ironstone....{.......................Interbedded

W

O to 4 degrees.......coevun.. [ I
"4 to 10 degrees.............. et eeeaaa 4 - 10
10 to 30 degrees..........c... e e 10 - 30

" Greater than 30 degreeS.............. ceeel.> 30
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It is important to note here, that although the maps for all three main eategoxies were
, d?gidzed the actual overlays were done for only two of the three oﬂginal mapped categories
thoee of-surficial lithology and slope. This is because the Uthology class_ originally mapped as
"unknown" repteeems areas where the surficial litﬁology ctass was not determined due to the
presence of vegeution As a. result most areas of Vegetauon and "unknown" lithology are
ldemical and thus the vegetation clasm are repxesemed by a single lithology class, which was |
\ remmed as other The combmed categories of lithology and vegetauon are thus referred to

/
as "surface feature” throughout this thesis.

352 Digitising . o N I

The digi.tizig'g of the three souroemaps was done prior to the installation of the
GPPU sof tware. which was not‘availeble at that time. This was not considered to be a
problem, as GPPU a_coepts‘ ﬁnes and polygoii;‘for input that are created using the IGDS
digitizing procedure. Point mode digitizing was used, as: it was felt to be adequately accurate
for the number and size of the .‘pol'ygons _involved.‘ Another consideration for using point mode
digitiz.inj was the nwd to fit contiguous polygon boundaries to‘gether. which is not. ﬁossible
with stream mode digitizing. . - |

To f acilitate input to GPPU, each class of the slope and lithology categories“was

digitized as a set of mutfnally exclusive 'polygons on a separate level in the design file.

Polygons which required less than 100 points for their definition wefé"digitized_ as simple

shapes. A simple shape i an 138 caphic element type which is essentially a single line

string with identical begmmng and endmg vertices. Polygons requiring over 100 pomts were
digitized as complex shapes A complex shape is an IGDS graphxc elemel‘type composed of
multiple line strings connected at their end points. The stream network within the basin
boundary, as well as the basin boundary itself, were also digitized. Original digitizing did not
'mclude the extensive "background "-classes present on the slope and lithology maps. These are
the "4-10" slope class and other surface feature class. These classes were created manually
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after the polygons in the other classes were edited by defining polygons enclosing the

L]

T Oy,

remainder of the rnap areaknot#eviously dlgltﬁed Figures 3 2 and 3.3 show the flml

\

digitized polygons for surface feature and slope categories, respecuvely. . ( - i‘ 4
P, v :
Jﬁ‘ LR &
3 X ey "Y - A;r: ‘
3.5.3 Editing and Data Organization - ’: g “, ,i
Tt .

The digitized polygons were chedked level by level for irrvalld condltions ﬁteli o!
crossing hne segments or non- closing shapes, using the checking processors named LINCK
and POLCK. This processmg ‘uncovered errors in digitizing attributable to the use ol‘ the
IGDS snap xloclt function during digitizing. The operator attempted to match precisely the
beginning and e’nding p‘ointl»L of the polygons, and the boungaries of contiguous polygons. by, “'D 4
searching for and locating the gxact position of the point to be matched, and placing the ne\iv
-~ point there. The snap lock function, tmgated with the hand-held digitizing cursor, performs e
the search for the point to be matched. However tlus function does not match pomwct'ly,‘

resultmg in open polygons arid gaps and overlaps between co‘uous polygons. The opén i

PPN

polygon condtuons were corfected manually Inexact matching oaolygon boundaries could
not be rectified with avaﬂable GPPU prooessors./ ' : . K ,4:. |
The conditions of oontiguity and mutual exclusivityl are necessary for two important
parts of the application: for. obtaining correct results from overlay processing, and for
maintaining exhaustive coverage 'within the map area. To correct the inexact matching of
neighboring polygons within the slope and lithology polygons, a FORTRAN program named
'MERGER was written by the author The program requrres as tnput a-list, sorted on x, of
vertices with their corresponding level, polygon number, and vertex sequenoe number
mformatmn Points in neighboring polygons that are located within a toleranoe distance of
each other are merged, i.c., their mean location is cornputed and the points in questton are
moved to that location. The new, rrterged list of vertices is then so;ted by level, and again by
polygon inf ormation. to restore tho or'der needed to construct the polyaons in a new design

c f ile. é;ist_ing applications programs were modified to generate both the input lists and the -



- 42

O wC”
Ry B
- NV2034 O

INOIGONYSG ]

09003033381 C

3IVHG L)

 3NOSGNOYI C3

r 4

Wi

/

: 'Figixrg 3.2 Diéftized‘map o_f surface f eature polygons.



43

t

DASIN

<

Figdfe 33 Digitized map of slope p]olygonsv.-

i i . N
e =
}‘ S v :




rcsulttng graphics nles Documentauon and source code f or the prdgram MERGER is
prov:ded in Appendtx 1. - | |

One charactensuc of the maps used in this applxcanon is that polygons belonging to
one class often completely surround polygons belongmg to other classes of the same category.

This is especnally true for the ltthology classes This condttton of nested polygons required

' addtttonal structuring of the polygon data in the desrgn file. To compute the ttue area for a -

class. The interior polygons for a single class may be from multiple cla

idesrred class, and a list file identifying the holes ln order to ge

class, the area of the mtenor polygons or "holes" must b§ subtracted f rom the total area

“Also, the perimeter of the holes must be added to the total perrmeter to correctly gtve the

.lmear contact between classes Polygons which are interior to polygons of another class

represent. two quanuttes ‘First, they represent ‘positive area and posmve perimeter of their

own class, and second, they represent negative area and- posmve penmeter of the surroundtng

' During calculation of area, the subtraction of interior poly

A'REK.processor: Two inputs are necessary: the list file'for t_ ' aking up the

il

econd input file,

-all polygons tntenor to one polygon class were duplxcated in the design file at 2 smgle level

& l
~separate to all other polygon classes. This was dbne for all slope classes and all ltthology

A3

classes except "ironstone whtch did -not have any interior polygons It was not neoessary to

include these duphcated polygons as attnbute occurrences in the database

Once the polygons were edited and orgamzed correspondtng database occurrences

. were created and attached ln graphtcs mode, the database was lrnked to the desrgn file usmg

the IGDS Attnbute Servnces task whrch provides an interface between IGDS and DMRS.

- With thts m_terface. an attrtbute occurrence was created automatically each time a polygon was-

selected for attachment, as well as the element linkage conneeting thé polygon to the

‘oecurrence Thxs was done ina smgle operatton for each classes of the two categones by

@ecung all the polygons of a class asa group instead of tndmdually
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"3 54 Overlay Processlng ‘
I~

_ of the polygon areas and perimeters. The initial task l‘ or both overlay and area calculation is

) for slope. Thus the processutg steps just descrtbed f or the overlay of the two categones were

4

thure 3 4 1llustrates the processmg steps necessary {or overlay. begtnnmg wrth the

edited, structured map design file to the final product whtch is a tabular report .and summary

to generate element lrst files for each class of the two categones to be overlatd For each list

file, a correspondrng list file contatmng interior polygons, when they exlst must also be

‘generated After generatmg the list files for mput the processing is carried out in two phases

for each'set of files.

T

First, total ‘areas and pertmeters of the two orrgmal classes are obtamed The f lles are

input to the AREA processor and area and perimeter for each polygon are output as attnbute

>

values in the correspondmg occurrerr‘ce in the- database via the element linkage. At any time -

1

~after stonng the area and penmetemes they may be remeved ina tabular report,. usmg

"-the DMRS cornmand language to access and retrieve attribute values The values are output

according to a format specified by the user m an extended command procedure
{ p

» The second .processing phase begms wrth the .actual overlay. The same list f iles used in

L4

~the first phase are used as mput to the polygopyoverlay processor. As descrrbed earlier in this

chapter, a new desrgn file contammg the resultant set of polygons is generated An element

list file for the resultant set is then created by the user, along with with a corresponding list

P

S f ile’for‘ the interior polygons in the resultant set. From here on' the processing steps are the

3

same as iri the first phase: area and penmeter calculatton storage in database occurrences

and report generation.

) ».

In the application for this thesis- there'are}even classes for surf ace f eatures and four
\.

performed 28 times, creating 28 separate new design fnles to contain the: resultant polygons

)

These files were merged into a smgle desrgn file. Polygons on each level were lmked to the
[} .

~ database entity created for resultant polygons and attrtbute values accordtng to parent classes

. 0.
stored in each occurrence. Areas and penmeters for all resultant polygons were then calculated

Ty

\
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and stored in the database.

3.6 Measurement of Epsilon Bands |

f GPPU software.includes a processor named ZONE which is used to generate
minimum distance zones around point, line, or polygon graphic elements The minimum
dnstancc zones are 1dent|cal to epsilon bands The ZONE processor creates g~aph1c elements
defining the minimum distance zones which are written to an output desngn file. _Z_ONE uses

| element. list files as input. o R

| From the onset of the application study, it was planned that the ZONE processor

- would be used to generate inner and outer epsilon bands. The advantage of using ZONE is
that the graphic elements created to define the bands around the polygon do not overlap.
Areas where bands of nonadjacent segments overlap aro eliminated. This provides a precise
measure of the epsxlon band. For polygons inside which all the bands overlap, no graphlc
element can be generated R

At the time when the overlays were completed and it became necessary to generate the |

epsnlod bands, the ZONE processor was found to return incorrect results. In an initial ’
attempt, it was f ound that for some polygons no zone ¢lements were created to descnbe the
inside zone, while the outsxde zone was correc;ly created. The opposite case applied to other
polygons. In other oases the graphjc element generated for the zone switﬂxcd f rom outside to
inside, or Vioe versa, crossing the poiygon Boundary along a radius generated around a ;e,rtex. ‘
These problems were not solved through.comlvnunication with lniergraph software support by

- the time of this writing. - N

A FORTRAN.program namod EBAND was written by the author to calculate the

.areas of the epsilon bands L:ke the program MERGER described earlier in ghis chaptcr it

_uses as mput a list of (x.y) coordmates and associated design file level, polygon numbcr and

vertex sequence number information. Area of the epsilon bands is calculated for the inside

and outside of eaoh polygon by travorsing around the polygon pcriméter, one segment at a
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timc For egch segment, the basic epsilon area width times penmeter is calculated fxrst then ’

[ k4

badjusted for areas of overcount and undercount at the angle between the currem segment. and
" the next segmem In order to correctly assign the adjustments to the-inside or outside \of the
polygon, the concave angle relative t0 the direction of the traversal is determined. The ,

‘ overcouln is then subtracted from the concave side, and the undercount added to the convex
| si(le. This_.:_p_rocedure is repeated until the.end.:of the polygon is_exlcountere‘d. The 'ellbroutine
used to calculate the inte:segment angle and to determine l.he co?xcave side was adapted from }
one used in the program MEASU.sRE. written by N. R. Chrisman (see Chrisman 1982a, pp. X

© 205-211). The program' EBAND’provides a better measure of epsilon band area than -

penmeter umes epsilon width; lwt is limited. AdJustments for overlap of nonadj jacent

: segments ‘ ,\‘not handled, as this is a very difficult programming task. h

Output of EBAND includes the area of the inner and outer epsilon bands, the
measured area and perimeter of the holygon. the upper and lower bounds of the polygon area,
and the percent difference that the inner and outer bands represent. These figures are output
f or individual polygons arld totaled for each class, and for all classes in the priginal and
resultant polygon maps. Documentation and source code f or the prdgraj‘n El}AND are

provided in Appendix 2.

3.7 Estimation of Epsilon Distance ', \

Determination of the amount of error, epsilon, associated wlth the polygon
boundaries is based on the lmown error effects accumulated ln each step of the mapping
process. These effects were‘ described in section 2.5. It was assumed in section 2.6 that the
-combination of errors involvecl results in a normal distribution ol" error abo,tlt the line, thh a
~ total variance equal to twice the vallxe of epsiloh. This is possil;lef3be(eeu§e even ihough some

erTors effects may not be norinelly diStri_buted (such as dlgmzer resolution), when the

distributions of different error functions are added, they appi’diimate a normal distribution

(Chrisman 1982a).
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- Three estimates of epsilon djstance'will be calculated for the maps used in this thesis,
spanning a range of error hkely to be assocxated with these maps. The value of each error
eff ect 1s considered to be the standard deviation of measurement of any point on lhe lme
assocnated with its respective process. The~combmed effect of -all the mdmdual error effects isi
determined by the caiculus of probability functions, as the ;:xare rool of the sum of atﬁe
- individual errors squared (_Blurﬂenstock 1953; Chrisman 1982a’)v. The l‘otal,’combined effect is
halved to arrive at the ,epsiloh distance on either side of the line. Estimates of error effects are
given in working scéle..then converted to map Scale once the total epsilon Qaiue is calculated.

The first, smallest estimate of epsilon is based on a minirﬁum amount of error in the
maps and in the digit‘iziné process. Here it is assumed that there is negligible error in the
transfer of boundaries from the manusgript map and in previ;)us stages of compilation. It _is
also assumed ihat the error in digitizing is minimized, such that Athe cursor "spot” or crosshair
is always within the width of the line, or at the very Umosl. the edges of the cursor spot and
the line are coincidental. Digitizer resolution is also included as an error effect in this
meaéure. |
Assuming no error prior to the working maps should not be done under rﬁosl

circumstances, as this ignores the map history as well as inherent error associated with map
" content. However, this is often wlft happens when maps with no history or a vague history
~ are encountered. According to Cook (1983, p. 64). information on data quality and accuracy
is f fequently lost or neglmted, and subsequently the uncertainty of the map is ignered, The

“Canadian-Council on Surveying and Mapping (1984, p. 54) suggests that, where an estimate

of accuracy cannot be made, the accuracy of the map should be classified as "unknown." The

§ .

assumption of no error prior to the final maps is made here intentionally to create a range of
_ epsx&dxstances this first measure representmg the minimum probable error.
~The second epsilon distance incorporates human error in digitizing and error in
transfer from the manuscript map. The line width of the ﬁlanuscr{pt map is assumcdv to be 0.5

mm. The digitizing -errof is set at .125 mm, which represents the distance away from the edge



of the map 'line that the cursor can stray before a gap | is readxly detectable by the operator ‘
Thls total measure of epsilon could be taken as one where steps m the mapping process are
| wcll-controlled; the manuscript is of good quality and digitizing error, though reasonable, is
low. ¢ | | |
The third measure of epsilonvincorporates the error'ef fects used abo;/e, with the
_addition of registration ;md medium effects. These errors are difficult to estimate, and here it .‘
will be éssumed that miéregistralion and the instability of the film base might cause identical
| boundanes on two dnf ferent maps to be displaced by theiwndth of the final map line, or 0.3
mm. In addiuon a less conservatwe estimate of dxgmzmg error is used to account for the

4poss:bxhty of larger deviations from the line. All epsilon values calculated are rounded to the

nearest 0.1 meter, at map scale.



The three epsilon distances used were calculated as follows (map scale = 1:1 600):

Error effects:

Line width of final map
Cursor width

Digitizer resolution

Combined effects:

Epsilon distance at map scale:

Error effects:

Line width of manuscript
Line width of final map
Cursor width

Digitizer resolution
Digitizing error

Combined effects: -

Epsilon distance at map scale:

Error effects:

Transfer from manuscript
Line width of final map
Cursor width '
" Digitizer resolution
Digitizing error
Registration and

medium effects

Combined effects:

0.3 mm
0.2 mm
0.0254 mm .

0.3614 7 2 = 0.1807 mm
290 mm or 0.3 meters .

© 0.5 mm

0.3 mm
0.2 mm
0.0254 mm

0.125 mm

0.6295 7 2 = 0.315 mm
504 mm or 0.5 meters

.5 mm
Jmm
.2 mm

254 mm
mm

OO0
N OB

0.3 mm

0.8489 / 2 = 0.4245 mm

Epsiton distance at map scale: 679 mm or 0.7 meters

51



4. Presentation and lnterpretatiou of Overlay and Error Measurement Results
4.1 Introduction o /o
This chapter presents the data gathered f rom the oolygon overlay of the two maps and
the epsilon band measurements calculated for all polygons of classes in the original and Y
resultant m'sps. Interpretation of the results is focused on the error measurements. The 3
relationships within»thc cross-classification created by the overlar are described, but no
in-depth analysis is attempted for tw'ok reasons. First, the examination is intended to be from
-a cartographic ooint of view, since thé_analysis of cartographic error is the slated objective of -
this research. Second, although the raw overlay resulrs may lend themselves to urther'
scrutiny.? the available analytical methods for categorical mops are lirriited. The assumptions of
stafidardhstatistical methods for categorlcal data are not applicable to exhausuve J
two-dimensional coverages (Chnsman 1982a).
In the actual application of polygon overlay; it is assumecl tl'_rat the resultant polygons
generatod are correct (with inspection to make sure). Errors in the resultant or composite
map could not be considered as part of the evaluation as they may be related only to the v

particular software used. ‘ ' {

4.2 Original Categories o
*  Table 4.1 summarizes the dimensions and f requencies of the polygons describing tho
classes of the two ’thcmatic maps svliich‘were prosented in Figs. 3.2 and 3.3. The map of. | s .
surface features contains a total of 369 polygons for the seven classes. The four slope classes
are defined by 476 polygons. It is evident from the lmework in Figs. 3.2 and 3.3 that the
boundarim are often highly convoluted. reflecting the complex nature of the badlapds‘
topography. The number of vertices used to define those boundaries.-aéeeun&ng for shared
bound.;ria and neglecting the basin peri-‘noter. is over 7000 for the surface feature polygons,

-and over 6500 for the stope polygons, or an average of 4.4 meters, at map scale, between

. ) 52
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Table 4.1 Summafﬁof frequency and dinfb’ns of classes of the 'origir'ml categories of
& « L2 ) f

surface feature and slope.*

\
\\-/"

v

Number of - Percent
Polygons Area Perimeter Map Area

Surface .Featuré' .

Ironstone 55 6126’ 2784 2.2
shale - . 115 70327 18436 24.9
Interbedded 30 34509 f193 12.2
Sandstone “ 16148 5453 5.7
Pediment/Fan 36614 9844 12.9
_ Alluvial 7 33818 10327 11.9-
other = 81 85337 12283 30.2
Total - 369 282879 65942  100.0
Slope | | ‘ o Y
. | ,
0-a Y 28190 8378 10.0
4-10 , 108 124422 23311 14.1
10-30 185 55587 18835 . 19.7
> 30 . 87 73993 15972 26,2 7
] —_— 1t —_—

Total . 476 . 282192 . 66271 100.0
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_every po‘ipt along the polygon boundaries within the basin, for both maps. This is equal to
2.75 mm a%‘{he working scale. - ¢ . . »

" The total areas and peﬁn'ie;em given fof each class are adjusted for nested polygons.
. The discrepnnc)" between the total areas for each map is attributable to the digitizing process,
| Jin which polygon boundaries were digitized independently. Although every ef fort was made at

that time to match every point along shared boundaries, this was not possiple for every case.

.

The program MERGER was successful in correcting points that were very near each other but '

not coincident, but points which had no corresponding poi4nt‘ on a neighboring polygon were
not movad. Overlap§ between palygdns were detected and corrected using GPPU. but manual
ed‘itiag is the only way, to correct for gaps between polygons, and lika any manual procedure is
E\:sccptible to error. T.l?e_ resulting gaps in th}e slope aﬁd surface featuae fnaps amouat toa 0.5
:nd 9.3' percent loss inh total a}ca respectively, which is certainly a reasonable margin of error.
v Polygons thhxn each map show a great range in size. Figure 4.1 shows tim
#

~dxsmbuuon of: poiygpg frequencm and areas for both ongmal maps. The height of each bar
"reprcscng the percegnvf the ﬁxgbtal map ar 2 that;poly&m in each area class interval occupy
s‘e. LR )

d:ahow extreme posmvc skew.

5 ‘-v‘;,'::“ {. : V;

als eontamuig the m‘osf polygons qac;u below the mtervals in which the
’on o‘f thc m;s foupd The asymmetry of the dxstnbuuons is reflected by

)
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the 4-10 degree slope class of over 100 ‘000 square meters occupies over 30 percent of the map .

. area. Thrs parttcular polygon is very extenswe and contains 110 hole polygons belongmg to

‘ other classes.

>4 3 Overlay Results

Tgble 4 2 shows polygon frequency area, and penmeter fi or the 28 classes resultmg
from the overlay Each cell in the table contams f rom top to bottom, the number of -
polygons total area and total perrmeter for the class }Of the mtersection between the. ortgmalv '
R :*lasses grven by the row and <olumn. A total of 2723 polygons were generated‘f)y the overlay o
of the two maps. shown in the c0mposrte map in Frgure 4 2 ‘Table 4.3 shows the percentage
' "that each total ‘within the 28 classes represents of its two.. parent classes, and the percentage
of the total map area occupted by each resultant\class o ‘

~ Fér the intersection of the seven and four ortgmal classes there are 28 resultant

classes, meamng that in the composrte map all possrble combinations of surface fi eatures and
A : ‘ : . . T

’ , slopes are present, Likewise there areno classes from one category ‘which lie wholly- within a

+,  single class of the other category The amount of mtersectton of one class wrth another, as a

percentage of total map area, ranges fro‘m 0- 8 percent m the case of Irons@pe with 0-4, to
. 17.9 peroent for the mtersectron/of Other wrth 4-10. } : "
ln lookmg for significant charactenstrcs among the resultant classes rt{ is easiest and *
~ perhaps ‘more naturalto e:amme the drstnbuuon of surface fﬁture .classes across the slope

‘ classes as 1llustrated m Fxgure 4.3, Hete there are drstmct tendencres for the intersection of '
- surf ace features wrth certain slopes Ironstone, Shale, and Sandstone all have a hrgher degree )
of 1htersecuon wrth >30 than any other slope class ‘at over 40 peroent of ‘their respectxve _ l
_’ areas. Also for these thre"e' surface features, roughly half of their area is found in 4- 10 and
| 10- 30 wrth very httle mtersectmg wrth 0-4. Interbedded is similar exoept that the greatest

: amount of rntersectron rs the same between 4 10 and >/§0 at nearly 40 peroent each The _

3"

other three surface fi eatures show a drstmct roncentratron at the opposne end of the slope

@ v
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.Ironstone 15
: S+ 216
T 264
Shale - 110
2630
2693
Interbedded =’ 50
B 7 1915
1167
Sandstone . 25
| Y 702
‘ 584
’ ?édiment/Fan~ 63
. 12646
5000
Alluvial 51 .
| 4215
Other 84
5879
2757
- Column

; Total Polygons 398 .

dg

weoo.

SLOPE

. 4-10

ioag

1501

/

/
J274
14752

/9912

/13250

5660

, 83
4716
[ 2602

133
- 17287
7907

| 79
123601
9026
174
49973
13237

889 |

11-30

-

38
1247

1036

929
19849
9703

99

- 6558
-~ 3823

64
3613
2100

111
3692

© 2908 .

108

. 4028

3327

130

16433

7226 .

779.

- is polygon frequency; center, total area: bottom, total perimeter. Areas given in square meters

,57'

A Table 4.2 Polygon f requency. farea, and perimeter of resultant classes. For each cell, top entry

3

;=

Row
S Total
> 30 Polygons
47 - 151
2597 |
1616
208 821
32970 .
13016
. 56 304,
12957 204
4536 |
727 244
6929
3572~
91 . . 398
2941 b7
¥ 2619
70. 308
3311 , -
. .2646
109 - 497
12295 -
5191 L
653 o

i;and Total;

2723
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Table 4,3 Areas of resultant polygonis as a percent of each constituent class and 'the total map

"area. For each cell, top entry is percent of slope class; center, percent of surface feature class;

bottom, percent of total map

L SN ! o Q -
Slope
0-4 ‘4=10 , 11-30 > 30
Surface . ’ - Ry
Feature ' o .
) , . ’ o . SRS \ o
Ironstone 0.8 1,6 2.2 3.5
B ' 3.5 33.3 20.4 . 42.4 !
0.08 ° = 0.72 0.44 0.92
Shale 9.3 11.7 35.8 844.6
3.8 +_ 21.0°  28.3 47.0
0.93 5.21 7.01 . 11.6
~Interbedded 6.8 10.5 11.8 17.5
- 5.5 38.2 18.9, , . 37.4
 0.68 4.68 2.31 4.57
‘Sandstone 2.5 3.8 6.5 9.4
C 4.4 $0.0 22.6 43.4
- 0.25 1.66 1.28 2.45
. ' Pediment/Fan.  ~ 44.8 13.8 6.7 4.0
R R ' 34.6 47.3  10.1 8.0
4.46 6.10 1.30 1.04
" Alluvial 15.0 18.3 7,3 4.5
' : ‘aj 12.2 .,66.6°  11.6 9.6
/ 1.49 ., 8.14 -1.42 1.17
Other L 20.8 - 4y 40.2 . 29.6 16.6
g _ i 6.9 \U59.4 19.3 14.4

| 2.08 17.9 5.80 4.34
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‘ Figure 4.2 Composilc‘méb{%’ﬁﬁi:”sultihxgﬁolygdns"fr‘n s .
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range For Pedtment/Fan Alluvial, and Other, the greatest"?opomon of intersection is with ‘.

4- 10, as high as 67 percent for Alluvial, with little found e» s\eeper slope classes and,

'&e.'
.except for Pedtment/Fan low mtersection with O- 4 ?%ﬁ,

M Y T
Overall, there are two groups of intersection characteqstics f or surf Jefeatures. In

one group, four of the seven classes show hrghest-concentratton in the steepest slope, { h
generally decreasmg to‘the least amount of intersection with-the lowest slope In the other |
group, the three remammg surface features are predominantly found in the 4-10 degree slope
_class, with the least amount of intersection with steeper slopes. .
Companson in the opposrte direction shows that the dtstnbutton of slopes across
surface f eatures contams a greater range of proporttons since each slope class ts dtv:ded
arnong seven surface features. Dommant surface features for some slopes stand out; |
Pedtment/Fan wrth 0-4, Other with 4- 10 and Shale wnth >30.
" A sthict geomorphic interpretation of these relationiships will not be attempted as it is
.not within the scope of this thesis. Intuitively, the type of material and its role as an erosional
or.depositional surface are the most influential factors. The fact that all possible combinations
- of surface feattire and slope are present does seem to have .substantiation. It has heen
o_bserved that, within this study area, slopes of homogeneou_s lithology are rare, and that slope
breaks are found within areas of similar lithology. as well as at contact planes between
lithological units (Harty 1984). This would indicate that, though there are noticeable

v,

tendencies for certain combinations of slope and surface feature, any gwen combmatton can
be found within the area. However the effect that cartographtc error might have in :reaung -
¢ nonexistent combtnatrons‘xor affecttngt areas of combmatrons has not been considered.
Figure 4.4 shows MStribuuon of all resultant polygons Like the distributions for
the two original maps, the majority of the polygons are relattvely small in area For the entrre

- distribution, 81 percent of all polygons are smaller ‘than the mean polygon area of 104 square - 7

dboecupy i‘l 6. percent of the map area. In the ongtnal maps, the smallest polygons

'surfaee features were around three and gpe square meters, respecnvely In the ©
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resultant map, there are 352 polygons smaller than one square meter, or 13 percent of the

total, and the smallest polygons created from the overlay are less than .000]1 square meter.

High frequencies of very small polygons is characteristic of the effect of overlay

(McAlpine and Cod‘k 197i‘; Cook 1983). The map area has been fragmented by combining the

‘two polygon distributions. Early work o the polygon overlay problem observed that overlay

disaggregates the pol}éons of the original r;mps to "below the resolution prdper to the study"
(Chrisman 1982a). These polygens which are less than 6né square meter are smaller than the
smallest mapp"‘gd polygon, and are below the level of resoluiion attainab'le from the field
survey. It is im.'i?ractical' to attempt to delineate a polygon smaller than one squafe meter'. even
at this large a scale. It ié probz‘xble that the mavjority of such small resultant polyons are
erroneo;xs and exist only as a reszult of cartographic errdr. Additionally, their total area.is SO

insignif ican_t to the whole area (less than 0.1 percent) that they could be disregarded without

" affecting the resulits,

4.4 Upper and Lower Bounds on Polygon Area ‘ | 4 )

The following Tables 4.4 through 4.9‘ give the upper and lower bounds for origi\nal
polygon classes and for the resultant 'ciasses each of the three epsilon distances of 0.3, 0».5.‘
and 0.7 meters. Band areas are calculated for individual polygoﬁs and summed for each class.
The upper and lower bc;unds are the addition of outer band area and subtraction of inner
band 'afea, respectively. . ’

The riercent area that the bands occupy, and thus the percent difference between
measured area and the upper and lower Bqunds. is given in the outermost columns of the
table. The inequality in the percentages on either side ’of the measured polygon areas shows
the asymmetry of the band afeas caused by intersegment angles.

The upper and lowér bounds express the _totzil variability in each class area caused by

error in the definition of the polygon -boundaries. Of interest is the range of variability within

.each map for a given epsilon distance. At 0.3 meters, variabilirty.of polygon area by class

']



Table 4.4 Bounds on;ife; measurements and total epsilon band area for origi

B

s

P

9

epsilon distance of 0.3 meters. Areas given in square meters

i

“~

64

r} classes, at

Outer

Inner
% -Band Lower Measured Upper Band %
¥ Diff. Area Bound Area - Bound Area Diff.
+ Ironstone 13:3 815 5311 6126 6969 843 13.9
Shalq 7.8 5485 6482 . 70327 75872 5545 7.9
Intérbedded 6.2 2146 32363 34509 36670 -»2161 6.3
Sandstone 10.0 1618 14530 16148 17789 1641 10.2
Pediment/Fan 8.0 2920 33694 36614 39545 2931 8.0
) A
Alluvial 8.9 3011 . 30807 33818 36822 3004 8.9
. Other 4.3 3644 81693 85337 89027 3690 4.3
Total band area: 20360, or 7.27% of map area.
’@ﬁg’ v
B en
0-~4 ., 8.8 2480 25710 28190 30726 2536 9.0
4-10 5.6 5924 117498 124422 131453 7031 5.7
10-30 %gi 10.0 5581 50006 55587 61270 5683 10.2
> 30 ;@%@ﬁ 6.4 4699 69294 73993 78719 4726 6.4
il
v )
& :
gw’ Total band area: 20732, or 7.31% of map area. .

»Ngﬂﬁy
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Table 4.5 Bounds on area measurements and total epsilon band area for resultant classes, at

epsilon distance of 0.3 meters. Areas given in square meters

Class

Ironstone + 0-
Shale + 0-
Interbedded + 0-
Sandstone + 0-
Pediment/Fan+ Q-
Alluvial + 0-
Other + 0-

& bbb bs D

Ironstone . +4-10
Shale +4-10
Interbedded +4-10
Sandstone +4-10
Pediment/Fan+4-10
Alluvial. *4-10

Other +4-10
Ironstone +10-30
Shale +10-30

Interbedded +10-30
Sandstone +10-30
Pedinent/Fan+10-30
Alluvial :*+10-30
Other +10=30

Ironstone + >36

Shale + >30
Interbedded + >30
Sandstone + >30
Pediment/Fan+ >30
Alluvial + >30
: Other’ + >30

i

" Inner
% Band
Diff. Area
<
33.5 72
28.1 740
17.0 326
22.4 157
11.1 1426
15.6 674
13.2 775
20.8 424
18.9 . 2801
12.0 1603
15.5 . 731
12.8 2243
10.2 - %470
7.3 3784
23.6 294
13.7 2747
16.5 1086
16.4 594
21.9 809
23.2 938
11.9 2043
17.7 459
11.2 3716
9.9° 1299
14.9 1034
24.9 732
22.1 740
“12.1 1487

v

Total band area: 38889, or 13.

Lower
Bound

144
1892
1589

545

11455
3647
- 5104

1615
12005
11801

3985
15323
21697
47803

953
17234
5492
3025
2884
3097
15176

2138
29850
11766

5895

2209

2612

" 10808

Measured

Area

v
b
»

216
2631
1915

702

12881
4321
5879

2039
14806
13403

4716
17566
24167
49973

1247

19981

6578
3619
3692
4015
17219

2597

33206

13066
6929
2941

3352

12295

Upper
Bogrd

300
J468
2279

884

14360
5042
6730

2503
17836
15094

5519
19927
26717
55509

1568
22924
7745
4623
4595
5058
19372

3093
37106
14411

8020

3752

4157
13882

»”

»

Outer

- Band

Area

83
837
364
182

1479
721
8351

464
30131
1690

803
2361
2550
3922

321
2943
1167

644

903
1023
2153

496
3901
1345
1091

811

806
1587

J8.6
jl.8
19.0
25.9
11.5
16.7
14.5

\

- Dire.

22.8

20.5
12.6

17.0°

13.4
10.6
7.6

25.8
14.7
17.7
17.8
24.5

25.4-

12.5

19.1
11.7
10.3
15.7
27.6
24.0

~12.9

71% of map area.

B



Table 4.6 Bounds on area measurements and total epsilon band area for original classes, at

epsilon distance of 0.5 meters. Are&vivcn in square meters

Inner " Outer

% ' Band Lower Measured Upper Band &

Diff. Area  Bound Arem Bound Area Diff.
Ironstone 21,3 1337 4788 6126 7546 1421 ~23.2A
Shale ‘ 12.9 9093 ,61234 70327 79587 “ 9620 13.2
Interbedded ;0.2 3562 30947 34509 56115 3606 * 10.4
Sandstone 16.6 2679 %3469 16148 18891 2743 17.0
Pediment/Fan.13.2 4849 31765 36614 ~ 41500 4886 13.3.
Alluvial ~14.8 5015 28803 33818 38812 4994 14.8
Other 7.1 6042 79295 85337 91505 6168 7.2

Total band area: 34511, or 12,16% of map area.

—— N -

0-4 14.5 4095 24905 28190 32441 4251 15.1
;-10 ' 9.3 11574 112848 124422 136076 11654 9.4
10-30 l6.é 9229 46358 55587 65999 9512 17.1
> 30 iO.S 7804 66189 73993 81874 7881 - 10.7

Total band area: 34504, or 12.16% of map area.
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Table 4.7 Bounds on area measurements and total epsilon band area for resultapt classes, at

epsilon distance of 0.5 meters. Areas given in square meters ’ b

Q »
. /
Inner Outer
. 3 Band Lower Measured Upper Band T
Class . Diff.' Area Bound Area Bound Area - Diff.
Ironstone + 0-4 S52.4 113 103. - 216 360 144 66.5
Shale + 0-4 44.% 1169 1462 2631 4060 1428 54.)
Interbedded + 0-4 27.2 520 1395 1815 2537 622 J2.5
Sandstone + 0-4 35.0 ° 246 457 1702 1013 311 44.3
Pediment/Fan+ 0-4, 18.2 2343 10538 12881 15363 2482 19.2
Alluvial + 0-4 25.3 1092 - 3229 . 4321 5539 1218 28.2
Other + 0-4 21.2 1247 4632 5879 . 7323 1444 - 24.6
Ironstone +4-~10 33.3 679 ° 13%9 2039 2828 789 - 38.7
Shale +4-~10 30.5 4518 10288 14806 - 19939 S133  134.7
Interbedded +4~10 19.5 2612 10792 13403 16249 2845 21.2
Sandstone +4-10 24.9 1174 3542 4716 6080 1364 28.9

Pediment/Fan+4~10 - 20.8 3659 13907 ., 17566 21539 23973 22.6
Alluvial +4-10 16.8 4064 20103 24167 28438 4272 17.7

Other +4-10 12.0 6215 45372 49973 58713 6586 12.8
Ironstone +10-30 37.8 472 775 1247 1794 S47 43.9 .
Shale +10-30 22.3 4450 15532 19981 24955, 4973 - 24.9
Interbedded +10-30 26.7 1758 4821 - 6578 . 8553 1975  30.0
Sandstone - +10-30 26.5 958 2661 3619 . 4712 1093 130.2
Pediment/Fan+10-30 34.9 1288 2404 3692 5231 1539 41.7
Alluvial +10-30 37.4 1508 . 2527 4035 5774 1739 “43.1
Other +10-30 19.3 23331 13888 17219 20847 3628 21.1
Ironstone + >30 28.6 742 - 1855 2597 3438 840  32.4
Shale + >30 18.3 6078 @ 27128 33206 39766 6560 19.8
Interbedded + >30 16.3 2133 10932 13066 15324 2258 17.3
Sandstone + >30 24.3 1686 528 6929 8768 1839 26.5
Pediment/Fan+ >30 39.9 1173 1768 2941 4321 1380 46.9
Alluvial + >30 35.6 1192 2159 3352 4715 1364  40.7

Other + >30 19.6 . 2416 9879 12295 14794 2§78 21.8,

Total band area: 64466, or 22.72% of map area.
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square meters

-~
G\}J e «W!
3 nal epsnlbn band area for onginal classes at

N .
LS
* . —

Total band area: 48241, or 17.00% -of map area.

| o
‘ P . o . '& -~
ﬁ Inner ] , Outer
% Band Lower " Measured Upper Band %

Diff. Area Bound - Area Bound Area Diff.
Ironstone  30.1 1842 4283 6126 8136 2010 32.8 s £
Shale 18.0 12666 57661 70327 83318 4.2991_\_18.5"z
Interbedded 14.4 4967 29542 34509 39563 5064 :14567:%£f
Sandstone  23.1 3727 12421 16148 'éooqidjjggﬁ 3 .9 .yf
Pediment/Fan 18.5 6765 29849 16614 43é53‘°633§ 18 7
Alluvial 20.7, 7017 26801 33818 40793 6975 20.6, “7
Other 9.9 8417 76920 85337 9?%57 3§éé T}'}1:°f;:

S D T PR

Total band area: 47996, or 16.92% 'of map, a~3:'.e’a‘i' R
. A .."‘:“1‘.»: |
0-4 20.2 5681 22509 28190 34175‘.§£ .2, ¢21 2:u"
4-10 13.0 16161 108261 124423 ~ 140738 16316€i;t1
10-30 23.1 12820 42767 55587 68967 13380 24:1
> 30 14.7 10890 63103 73993 85034~ 11041 14,9
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Table 4.9 Bounds on area measurements and total epsilon band area for resultant classes, at

epsilon distance of 0.7 meters. Areas given in square meters

»

”»
.i
) 1
’ 1
Inner Outer
, S Band = Lower ‘Lasurgd Upper Band z
Class Diff. Area . Bound Area = Bound Area Diff.
Ironstone + 0-4 69.1 149 67 216 . 424 208 96.1
Shale + 04 59.4 1564 1067 . 2631 4679 . 2047 77.8
Interbedded + Q-4 36.5 699 1216 1915 2807 892 46.6
Sandstone + 0-4 46.1 324 378~ 702 1149 446 61.6
Pediment/Fan+ 0-4 25.1 3235 9646 12881 16381 3500 27.2°
Alluvial + 0-4 34.6 1493 - 2828 4321 6048., 1727 40.0
Other + 0-4 28.7 1690 4190 5879 79137 2058 35.0
Ironstone +4-10 44.9 916 1123 2039 3166 1127 55.3
Shale +4-10 41.4 6133 8673 14806 22107 7301 49.3)
Interbedded +4-10 26.7 3582 2822 13403 17426 40213 30.0
Sandstone +4-10 33.7 1588 3128 4716 6660 1944 41.2

Pediment/Fan+4-10 28.6 5023 12542 17566 23182 5616 132.b
Alluvial - +4-10 23.3 5626 18541 24167 30176 6010 24.9

" ,0ther +4-10 16.6 8586 43001 49973 60877 9290 18.1
. . ¢ ‘ ‘ :
Ironstone +10-30 51.2. 639 608 1247 2029 782 . 62.7
Shale‘ © 410-30 30.4 6072 13909 19981 27041 . 7059 35.13
Interbedded +10-30 36.4 23193 4185 ' 6578 9385 2807 42.7
Sandstone +10-30 35.9 Q£ 2319 " 3619 5176 1557 43.0
Pediment/Fan+10-30 47.0 1734 1958 3692 5894 ‘}204 59.6
Alluvial . +10-30,50.5 2039 1995 4035 . 6516 2481 61.5
Other ' +10-30 26.5 4570 12649 17219 22353 5134 29.8
Ironstohe + >30 238.9 1009 1588 2597 3794 | 1196 46.1
Shale + >30 25.2 8370 24815 33206 42472 9266 27.9
Interbedded-+ >30 22.5 2945 1012 11066 16249 3184‘ 24.4
Sandstone % >30 33.3 311 461 6929 9534 2604 37,6
Pediment/Fan+ >30 53.8 583 ‘1358 . 2941 4913 1972 67.0
Al!hvial, + >30 48.3 1520 1731 3352 5291 1939 57.9
Other ) + >30 26.9 3308 ,° 8987 '12298% 16091 3796 30.9
- s 4 @ - - -
R . Total band area: 89878, or 31.68% of map area.

- - - &
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- "ranges from 8.6 percent f or Other to 27 .2 for Ironstone. At epsilon of 0.5 and 0 7. vanabrlrty ’

o mcreases consrstently wrth the 1ncrease i psrlon At 0, 7 meters total vartabrlrty of Ironstone

total vartabrhty is notrceably hrgher The

€.

o rs over 60 percent For resultant Eolygons t
- overlay of the two polygon sets has resulted rs-l‘ragmentanon of the map area into many
smallcr polygons and the error bands assocrated wrth the now mcreased penmeter are

; occupymg more area relatrve to polvgon size as well as havmg mcreased the total band area

'wrthrn the map For lronstone +0 3, varrabtlrty exceeds 160 percent

Generally the total vanabrlrty is related to total class area; the. smallest classes have
the hrghest vartabrltty. and the largest have the lowest Because epsrlon umes perrmeter makes )
I'd ot -

up the greatest proportron of¥ the band area vanabtlrtyWuencg by. total perrmeter Ff)r

two classes of roughly the same total area Interbedded and Alluvral the total\ band area»for

A\

' Qrterbedded is 30 percent less than Alluvral for all epsrlon dtstances because of lnterbedded,s

.
. lower penmeter or greater compactness Pelygon compactness can be measured usrng a . o

. N
, common indeéx of

P/(zvm) T L) SO SN ;

| where'P and A afe polygon perrmeter and area re&spectrvelg' Usmg thts mdex a. crrcle would
have an, value of 1, wrth the value 1ncreasmg as compactness decreases This mdex was
| computed for: lndrvrdual polygons and averaged f or each class For the classes mentroned

adee the average compactness mdex of Interbeddcd polygons is 1 92 versus 3 17 for | v

T

Alluvral.. g
' :".’ ) £ R I ! T A B

S

4 5 Relatronphlp@?‘etween Percent Error and\Polygon Area
= ln Frgures 4 S through 4 7 the average epsrlon band area asa percentage of polygon , )

: _' area was plotted agamst ,polygon area for area class mtervals, A loganthrmc scale was used
e ¥ :
f of both axes The three lrnes on each graph show the relatronshrp of band area to polygon o
o ne

c o area l’or the three ep,stlon measures used Tlus ﬂlustrates the proportronal mcrease in band

. area as epsrlon mcreases The graplfs are parallel. and drsplaeed propornonally by the mcrease
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- map srmultaneously Since the relatronshrps are rdenttcal at all three epsrlon drstances

Sw " " . ! - ‘.\} . ) o

e

m epsrlon distance. If it had been posSrble to subtract the overlap in bands at nonadjacent T

segments a decrease in percentage of area for some class mtervals mtght be seen.

]

Irregulanttes at véry large and very small??polygon areas are caused by low [ requencies of

polygons but overall the graph seems to show a strong linear trend. Of note are the extremely

v

hrgh values for percent error in the resultant polygons. Because of very small areas, the bands:
calculated around them (mcludrng inner bands whrch are frequently greater than polygon

area) the ba,nd area asa peroentage of polygon area l"g’huge. in some cases, the bands are

[
over 10,000 percent or one hundred times. the polygon afea,

- Figure 4.8 shows thrs same relatronshrp f of the two ongmal maps and the com‘ 4

w -.,)

~

comparrson at a smgle value of epsilon is sufficient to examine the relatronshtp between band

areas for the ,three maps. The rni_ddle value of 0.5 meters is used.

If band areas at the same value of epsilon are calculated for a circle, the most -

- compact shape possible, the graph of the band area as a percentage of the cirtle area |

. convem'ently plots as a%sraight" line. This relationship is shown by the heavy straight line in

4

' Figure 4.8. This line could be interpreted as the line of minimum possible error ot 'the lower

" 'ﬁbound on polygon error area for a grven polygon area. th thrs lower bound in place it ‘r*s

l

‘ now seen that the line of average error for the three maps rs not consrstently lmear but

rnstead there isa strong lmear trend in the ‘central portion, parallel {o the mtmmum error line,

wrth drvergence away from this lower bound at both extremes rn polygon: aréa This sﬁows
{

that as polygon area increases, the decrease in percent error-differs f rom what would be

expected if polygon compactness were constant, as it is fora circle' In other words the .

”~

' drvergence f rom a trerd paralleling the mrmmum expected error f or large polygons is caused-
‘ by decreased compact.ness The greater perimeter relative to areﬁ,f or these very large polygons

. results in greater errot than if average compactness were greater as for polygons in the 1 o

\ . : . . : . S .
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v-class def tned by a’ smgle polygo&ends to be elongated and convoluted and tends to contain
: holes both conditions conthbutlng to decreased compactness T,
| Whnle percent area for all- strrfaec f t}atures and slopes are approxtmately equal -

4

throughout their area rang%0 percentages l' or resultant polygons are consrstently greater
bo

from one square meter to a

at large areﬁ

2000 square meters, Ju?ﬁs dtvergence from minimum error

caused by decreased compactness this upward shift m band area in the

51 Jr
.

X is caused by decreased compactness. Mean w;:x of compactness calculated

- ‘K\U

“_ ygons is1: 6972 while that of the resultant polyons for the same area range !
A a1 18 those below one square meter) is 1.7463. The process ol‘ overlay has caused

' polygons in the composrte or resultant map tb have increased pettmeter relaltve to polyu_’"h

. the ongrnal maps of the same area. The mcrease in band area for a constant polygon aréa and

-

| : epsrlon distance is illustrated for five example polygons in Figure 4.9.

1

4.6 Calculation of Total Epsilon Band Area LN e .

The band areas can be summed into a single figure representing the amount of

variability or potential error within a single. classrf 1catton' ~do 0 50, the area ol~ the bands .

shared by'polygons must be accounted for. The total area ‘of the bands is half of the total =
y

area measured for all individual polygons except at the /penmeter where the bands are not

shared. These totals are summamzed in Table 410. T ” e — , )
For all maps, the increase in band area is drrectly proportxonal torthe increase in :
2

epsilon distance, for the range of epsrlon

. o
. t was expected that the effects of angulartty

wor‘d dtmmtsh the xncrease in total band-ar s epsdon mcreased but the ef fects are sltght

*For each value of epsrlon the to _‘ 1 band area tn the map of resultant polygons is very

close 10 the- sum of the areas of the surface feature and slope ‘maps. Thts is reasonable to :
. [C ud s ad

expect as the penmeters of the two orrgrnal rnaps are combmed mto map. and band areas -

"combtned as well The reductron in- total band area in the cornposrte tnap rs eaused by |

reductron in total penmeter f rom two effects S

» P e s
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34511"

34504
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. 12.16

22.72

i

N 0.7

Area -

479%6

48241

89878

" Table®4.10 Summary of ‘total epsilon band areas. Areas given in squaré meters -
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L

Total perimeter in the resultant map is less than the surh of perimeters in the oxiginal

maps. by 4156 meters. Of this amount, 3014 metets is accounted for by the drainage basin
ﬁvere overlaid. The f urther reduction of

boundary. which is shared by both categories t
1142 ﬁeters is caused primarily by reduction in the number of holes in the composnte&p, -

which ncrease perimeter of some of the polygon of the origxnal maps. T‘he mfluence of
o A4
polygon perimeter as’the major contnbutor to band area is seen when comparing surf ace
e
features and slope. Theﬁenmeters are almost equ‘wuh@xrface features slightly higher,

and this relatxonshxp for band areas is maintained at al}neﬁs‘i’lon dnstances
,‘ -

Y.

What is of most concern is total map error as. a;@eﬁult of the overlay. as m,eaeured by
a the bands. For the. resultant mep.ﬂ\toml band area reaches as high as 31 percent for epsilon of
0.7 meters. This rueans that, with an overalf varia@e of 0.7 meiers on eithervside of .the
dxgnized versxon of the true boundary. almost a third of the map. hes within the error bands

-. and could be considered erroneous In thxs example of usmg epsxlon to measure map error, a

Tl

‘ practical range of values was chosen primarily to consider the variation in band asymmetry
and total band area under different assumpiidns of map accuracy The validity of-each or any

of these measures of epsilon warrants further discussion. .
. » ~ .
\ +
b - [

s ' A
&7 Simple Perimeter Eggimates of Error f

MacD0ugall ( 1975) defines two, kinds, of accuracy standands f or catgggncal maps,
thosé of horizontal accuraey and degree of uuxforquty.@or purity, of reglohs. The lower’ lxmn
o£ accufacy. or‘the up‘pef quit of error,isa f unc%ion of ehe sum of Ethe posit_ionél errors ‘and
the prod,uctwof the purities 0{' ,the’ u‘naps used Horizontal accuracy fora siugle map is - .
 estimated by - » o _‘ e

H=(h-)T
o, . ‘ Lt

"where H is the total ahorizontal error, h is a measure of horizontal error, 1 is the total length

of . boundary lines, and T is the total area of the map. Thxs calculauon gives an esumate of

-the proporuon of' the map area which i is cowdgred fo be uneenam or unrelxable"



( MlacDougall 1 Sl. and is analogous to a simple perimeter estimate of epsllon band area,
which is epsilon times perimetel. Substituting the;v“aliles preyi.ously‘ calculated for epsilon al\d
determining perinie'ter for our maps gi:/es the‘errel \}alues showh in Tdble 4.11. Values

ined from the epsilon band measurements in Chapter 4 are shown in ‘paremheses for
comparisa 'l:he error values for the simple perimetex estimates are consxstently grez;ter
although as a proportion of total m\p area they are within one percent for all maps. The
epsilon band measuremcnts obtained by tpe program’ EBAND mclude ad Justmems for
overcount and undercount at intersegmem angles. The small dlgferenms between the modmed a %
estimates of EBAND and the simple penmeter rel’let:t the tehdency l]%; angles in polygc)n , o
boundaries to caricel each other out, or conve’)‘dﬁ‘ties ancl‘;concavi'ties aloné tge polygen .
boundaries are nearly equal.*The purpose ol‘ '““applying‘"tlle modified eslimate Gvas togeta

better estimate ol‘ error than 1s poss:ble using slmple perimeter. Thxs comparison shows. that X

for the range of epsxlon used, the simple- perimeter estintiie is adequate. v;1

N N . ‘ o . .
«.?;. B - . m s ! v



4 .

Table 4.11 Epsilon band areas calculated by simple perimeter estimates. Values in parentheses

are measurements obtained with progr'am EBAND. Areas given in square meters

*

Category ; | Epsilon Distance
' | 0.3 .. 0.5 " 0.7
. Area” % | Area % Area = . %
j o ‘ _ ~, -
Surface 21591 7.61 -, 35985 12.68 50379 17.76
Feature  (20360) (7.27) (34511) (12.16) (47966) (16.92)
21690 7.64 36150 12.74 50610 17.84
(20372) (7131) -(34504) (12.16) (48241) (17.00)
Y 8 * R : ol
Resultants ~ 39222 1%.86¢ 65536 23.10 91750 32.34
£ . .72 .
»49fﬁgg)i¥3w3$)Aw§334§fﬁ‘(22 ) (89878) (31.68)
3 . 1 = total length of"'bound‘a'ry_ lines +
- 3 . r
/ l(sm:fa&\e feature) = 35985 meters
1(slope): = o . 36150 meters

l(result#nt)’ = ~ 65536 me ersl,"‘

r
N .



| ~ basin boundary, decreased by 1142 meters: A "h,wfi"

4.8 Summary of Overlay Results and Error Measurements -

Z
-

It is l‘ ound that thc overlay ol‘ the two categorical mlps has broken lhe original classes

down into new polygons which are smalleg&;nd less compact and has generated a significant
¥

number of polygons which are smaller than the smallest area, resolvablc at thc staled scalc
Y

from direct- field obscrvation. The overlay‘ol?x }“69 surface f cature polygo_ns with 476 slope
polygons resulted in a composite map containing 2723 polygons, 352 or 13ypercenviv of which

are smaller than-the smaliest ongmal polygon.

.

The distribution of polygons by area is such that the majomy of polygons actount for
a minority of the area. This characler:suc lS more pronounced in the resultant polygons
because of high f requencnes ofi very small polygons ln the composile tap, mean’ polygon snc
is 101 square ‘meters, less than one sixth of the mean: a(ea £or all original polygons ol' 672

square meters, Total perimeter within the map area. mde f rom xhat shared &t the drainage

A , ’

Application of epsilon band measuremagnts to calculate error area shows: e,

<

1. In ggl‘reral. error area as a proportion of a polygon class decreases as the class area

4

increases.

P

2. . Thegverage €ITOr area as a proportion of the arca of a smgle polygon decreases as

polygon area increases, but "for larger polygons the dcgree (con\pacmcss decreases,

resulung in hlgher averagt error than Wﬂd be expected N

. ' 3. For indiyidual polygons and for whole classes in the composnc map, Error area as a

Ty

) ver that degrmineTTPNpolygons and
proportion- ol‘ polygon or class area has mcreas&:d over that dcgcrmm 4 ,pol_ygons and - -

classes of. equal area on ‘the ongmal maps

':

5. Totalmapareacalcula._‘.'y,' or- - dtie 10 varis I_y»mboundaryéfacemcntls

13.7, 22.7, and 31 7 perqent at epsnlon dlstanocs 'l)l' '@3’ ; ‘5 and 0.7 metek respectlvely

N

y in the comblnatlon of the two
‘l <

Error in the compqs_;;;. overlaxd map.has increased s_lgmf?' 2

e
P .
!
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5.1 Introduction 5 ",' + | S

“’f?

,

The mam result of the overlay stauslics nnd crror measunemenls of r)re prfvrous

“chapter is the demonstration of the use of the epsnlon model to produce a statcn‘aent of

5

reliability in the overlay product The followmg drscussron first sumrnanzes the perunent

.

\J
relationships between the error measurements and the 3eomemc properues of the drgual map.

Next the controlling f actors of error are related 1o the processeq xnvolved in' defining a

. 2

categomal coverage of the study area. Fmally. the epsnfon d\stance mbdel is assessed in the

¥

contexts of information quality, its relatronshxp to spunous polygons and overall strengths
. . P } : w i
and limitations.

5.2 Relationships Found through Application of the Epsilon Model "
5.2.1 Predictability of Res‘u)to 3 - . -/ |

|

. In interpreting the results of the error measurements, relationships were .soug:/that

were explainable through the map, as well as ways to intefprei the resulto through th error -
; . o

model. The relauonshrp between such parameters as band area polygoh area, and lygon Ps

penmeter are predrctable For a given epsrlon Xhe area of -2 band of error generat)ed arou&d a

: s
polygon is dependent on its penmeter leewxse. fi ora given area, an incrcase i penmeter

‘proporuonal to the polygon atw ‘Conversely, les perrmeter f ora given area results m less

¥

expresced as de;rwsed compactn‘ess must result Y larger bandland hence sr;!atcr error

error, but there isa defrmte lowex lumt on error fora grveh po}ygon area/epsrlon distance -

e combmauon as shown in Frgure 4 7 ' o



: ~boundary and ‘within the composrte map accounts f or the reductron in- band area in the

. \ Q b . . ) . ‘v ' “'. . Sl - . v 84

5.2.2 The Consequences of a Geometric Form of Error R

The measurements of ftotal'epsilon band area show that, fi or the maps 'overlaid‘in this,
,}‘research the error in the composrte map approaches but is slnghtly less than the sum of thes

[
error of the mdmdual maps prlor 1o O\lerlay The reducuon in perrmeter at the basm '

-

composxte map, and llkerSC in the amount ol‘ t\otal‘crror o : N
. toe l .
1

|
Epsdon drstance is applred to each point defi mmg the m&vrdual lme segments and so
b .

error band area is. 1mpllc1tly tied to penmeter in the geometrrc constructron of the band

w9

around each segment lf more lme segments are mtroduced to the map area,’ mcreasmg the

total penmeter itis an unavoxdable consequence that the band area wrll mcrease

Cow ' N oL 5
/

 5.2.3 Polygon Size and Reliabilit'y' ,_ l BT | :
Other research dealmg with relrablhty and error measurcment in overlay 1mplxes/ thc
-~
effect of perrmeter in subdrvrdmg the map area, before ahd af ter overlay but does not dcal '
e e ,‘ - ) ! '
wrth it s\pecrfrcally., ' '
"Common sense would mdlcate that broadly the relrablhty of description of’ derived
“-map {[polygons] from non- homogeneously described initial map [polygons] would
o decrease as the degree of” ﬁeterogenelty in the initial description }ncreased and agghe
number of subdivisions of. the initial [polygons] caused by overlay increased (and -
‘hence the size of the derived [polygons] decreased). (McAlpme and Céok 1971)

4 ‘
This statement implies that accuracy (or rehabxlrty) in the overlay product is af f ecled

) ..by the number of subdxvxsxons or heterogenexty of the ongmal mapsa Greater hetemgenelty

~ requires f urther subdrvrsron or more polygons and an attendant 1ricrease in perimefer” within
‘the map The mtersecuon of two maps through overlay further mcreases heterogeneny by

| requmng unrque combinations of the ,two classification systems 10 be descnbed and therr

descnptrons are a function of the combmed penmeters What McAlpme and Cook are saymg

‘s that rehabrlrty of descrrptron will decrease as polygon srze decreases Tomlmson (1977) and

‘ 'Lam (1977) also ref‘er to this as a consequence of overlay. the latter addmg that the nature. of

| 'mhomogeneru_es angd_the rnanner in which the map is subd_rvr_c_led should beexammed. Thrs



T - \‘.'. ‘V.-v . ! ' > \\>\ , - . e ‘ : .
general aésumpthn that reltabthty of description decreases thh polygon size is demonstrated .

geomet,ncally by generatmg a band of error around tts penmeter ‘ .

,
T ’ ’ i
.
.

5,3‘~lnl’lue_nces on Periméter and Epsilon
\” o ’
S . ' -
5.3.1 Classification and Seale. o
The extent of penmeter wnhm the map area 1s a consequence of subdividing the map
into conttguous well defmed (on the map, at least), caf’égoncal polygons The use of a

classu'tcauon scheme 1mphes that the attrtbntes to be mapped are dlstmct and the parutlonmg

"of the area 1mphes homogeneity thhm each polygon The dtstmctton between two classes .

B

must be percelved before a boundary can bedrawn. Wlthm the/map area an attempt is.made
. N\ )
to separate these two classes. to defme ‘their lol:al limits. The abthty 10 def ine a "sharp”

. boundary between two "distinct” classes is ltmtted by the resolutlon of the means of recordmg
"_

this perceived boundary. In our case this is the abthty of the field surveyor\to dtstmgulsh one.
patch of ‘g‘roun'd from another on the manuscript rnap: The scale of the initial recording and
the means by which it is aone (manually drawing the line, in our case), will determine the

smallest area that can be defined. Working upwards from this lower limit of resolution,

\ - &

transition zones between classes must be dealt wnh On top of this, the dwersxty of the -

: classes in terms of both number and spatial dtstnbunon wrll af fect how and where polygon

¢ . /

boundanes are placed:

© 5.3.2 Influence of Landscape on Mappln_g‘ Accuracy™

¢

To relate the spatial characteristics of the study area to their'mapped re\pre'sentatiﬂon

~

- . . o t:\‘ ) » ' . . - )
~ and the potential error therein, we draw on data provided by the error measurements, and on

examination ofthe maps and-obs‘erzations made at the study area, * The main considerations

P et

- are hetemgeneittagclasses ‘of surface features and slopes, the classification system used in

‘Field observ_ations by the author, 'April 1986. - i ’ o ;‘

l ] N ‘ L .o .
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 mapping them, and the nature of the percerved boundarres between classes Heterogenerty of
‘ Aclasses contributes to the amount of subdrvrsron within’ the map area, as descnbed earlter ‘l‘he
accuracy ol” def rnrtron of boundanes JS a key f actor m determmmg the proper epsilon dtstance
for the mapped data. - 7 , ‘ o R B
‘ The badlands features ‘of the study area are characterrzed by their drversrty Changes
in lrthologrcal umts are frequent and abrupt vertically as well as horizontally (Campbell and
l—lonsaker 1982) The sharp break from one type of lrthology to another results i in distinct,
relatrvely well - def med boundaries. However these boundarres are also very complex and
sinuous bec‘ause of the htgh degree of lateral mt'erspersro'n of classes. T.he complex boundaries
mtroduce a hrgh degree of subdivréron “of the ‘map area not only from heterogenetty of classes
but also from the need to, drStmgursh between two mtermmglmg classes The result of such
| smuous corwoluted boundarres is the diff tculty in defi ining boundarres at the field mappmg |
level resultmg 1/h mmal posrtronal error in. the manuscrrpt map. | ‘
;" Slope boundarres are also complex, and f urthermore they are not as clearly def mable
- as those for surface features The breakdown of slopes f rom 0 degrees to 90 degrees into four

classes is essentially the drvrsron of a continuous varrable into four class intervals. Durmg

. freld mapping, the surveyor is attemptmg to det‘me areas of varymg slope angles of a range

-
N

that is wrthm a preset class interval. In other words he is aggregatmg slopes prr@lg to plottmg

v,_.thepboundarres on the manuscript. This process would séem to lend itself to_

fects, as the surveyor is- often using his own. Judgement to determme where Qne“y'end ina-

Q

contmuously varyrng. slope ends and another begins. Judgemental error would be greatest in
the cases where gentlerrslopes of the 0-4 degree and 4-10 degree classes meet.

Boundarres between vegetatron and other surf ace f eatures are usually not drstmct at
_all,%ut only af uzzy zone of transrtton. The: boundaries are sharp in a few plaoes where the-
break in Nvegetation‘oceurs tog‘e,ther with a sharp break in slope, as with flat-topped S |
vegetation-capped .l"eatures with near-vertical sides which stand out as "islands” above R

_ _ A ‘ :
surrounding areas. . PR , -
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5.3. 3A Reallstic Measure of Epsilon L \
‘In summary the eomplexity of boundaries between classes‘of both surface featuros -
nd slopes. the dlfficulty in dtstmgmshmg between ‘slope angles and the persistent. uncertainty
of veget_atton boundaries all serve to reduce the precision with whtch these. boundanes can be -

o mapped The prectslon of l‘ ield plottmg was rtot included asan errbr ef fect in the calculatton

- of epsilon distances, as it is difficult or even impossrble to ascertam\ tlus wrthout

§ .
. [S o © *
/

documentatron for the fteld survey measurements o et o '
" If this effect,,could be measured and mtegfated into‘the epsilon dtstance calculattons s
undoubtedly they would be larger. The liberal estrm'a'tron of drgmzmg error u,sed in the thrrd a
and largest estttnate of epsrlon d\rstance would absorb some of the tmpremsron ‘of freld '
. plotting, but not all of tt On the badis of the. above observations and arguements it is ‘
proposed that the epsrlon drstance of 0.7. meters ts a conservatrve but reasonable estimate of

© error in boundary vartabrlrty for the surface feature and slope maps o

< e

-

.5.4 Assessment of the 'Eps'llon Model *
O r’fve.,- )

o
~ 54. l The Epsllon Model as a Component of Digital Cartographtc Data Quality

Wrth an epsrlon drstance of 0 7 meters, the horrzonml error measured in the ongmal) |
maps is 17 percent each‘ and m the the composrte. overlatd map stands ‘at 31 7 percent :1early:
~a third -of the total area of the drarnage basm Thrs is a,clear tllustratron of the potential for ‘
large errors in products of polygon overlay, due to errors accumulated in the dtgrtal souree
data The epsrlon model provrdes a means to advrse the users of such products in the form of
a statement’ of rellabrltty “ |

‘, Widespread concern f o1 accuracy and relrabrltty in drgrtal cartographrc data isa
'relattvely reeent phenomenon Gordon (1979) observed that "there is a nottcable lack .of

. ‘concern for data aocuracy and data documentatron Based on a survey of pnvate and pubhc :

- organizauons tn the Paciftc Northwest U. S wrth fi unctromng spatral data handling_‘systems it

3
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was found that "less than 15 percent° of the reSpondents were aware of the precision ol' thelr

~data, and most do not mention descriptions of the basic characteristlcs necessary to asgess’ its

utrlt_ty B
: {
Accounting for the accuracy. and reliabrhty ol‘ cartographtc data is encompassed in

recent efforts to deva'op standards for dlgrtal cartographtc databases The Natronal o '

i

Commt‘tee for Drgrtal Cartographic Data Standards (NCDCDS) was fi ormed in Mlx82 atrd has

. recently proposed interim standards whrch rnclude,mformatton on "quality" of cartographtc

* ‘s

s

data. Thrs mformauon 1is m the form of a quahty report whrch is broken down tﬂg) fwe L
' . components hneage posmonal accuracy. attnbute accuracy logical consrstency. and
| _ completeness. Methods of me_asurrng positional accuracy mclude. among others, deductrve*
_'e_st'imates "based on knowledge of errors in each prbduction ste'p'(_NéDCDS 1985). In shis
| research we have included an example of defining these steps and the r_elated errors_."Ded"uctiye '
" estimates of eﬁor are considered part of testing the quality of cartographic\inforrnation in |
: whrch a quahty statement for a particular product is made by propogattng the separate error
o teffects (Chnsman 1985, in NC’I;\CDS 1985 p. 114) as was done in thts research to arrive at a
measure of epsrlon ‘The epsrlon model thus plays a role in f ulf: rllmg needs for mformatton o
quality and has for thrs research, provided a realrstrc means to assess at least one aspect of. o

I3

¥
Ehhi vquahty of th mapped data that Wwas used.

A
.

5:4.2 Eps‘llon' and Spurious. Polygon\s“. | |
' It was,, noted in Chapter 2 that whef epsnlon bands completely overlap. msrde the .

polygon thé lower bound on area is zero. For such polygon all points defi mmg the boundary

. must be wrthrn twice epstlon of at least one other pomt The range of error measured in thts

“case is so grcat that, at ,the. lower limit, lt should not ogcur. Thrs condmon ts analogous to the_:_

presence of spurious polygons i.e., questionable polygons asa result of cartographrc erfor.

Spunous polygons are regarded as "noise” l;l a dtgttal cartographtc database (Chan
1982)' and attempts have been made to build procedtires for t_hetr removal. However, lacklng is

&
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a ‘rigid set of criteria to identif y spunous polygons* Their rnarn characteristics are smalffarea -

i and/or slivet- like shape These and. other properies amadvocated (Goodchild 1973 1980,

1981) as critena for tdentil‘rcatton More recently. Goodchild (1985 personal communtcat‘ron)
has experimented with identification on the basts of stattstrcal distributions of polygon .areas.
S[lll no stnct rules have been developed C.han (1982) has demonstrated the use of an '
algorrthm to remove spurious polygons- but in the dataset on whrch thts was performed the
sp ious polygons were: identified vrsually before rmplementmg the proeedure |
Epsilon error drstance has been used as a smgle criterion f or the ehmmatron of
'spunous polygons. The polygon overlay program WHIRLPOOL (Dougemk 1979) rncorporates
.. an error distance (epsrlon) which is- used to merge points if they are wrthm the error distance

T
.of each other, eliminating sliver- shaped areas rn the resultant polygons thdt are narrower than

\
e

- the\errbr dtstance . . ’ ) ‘ S " &)

The difference in the operatton of WHIRLPOOL and the analogy drawn between-
spunous polygons and polygons with zero lower bound oh area is that in WHIRLPOOL the
polygon. must have all points within one epsrlon of at Jeast a‘r)other potnt instead of two times
epsilon This ‘makes WHIRLPOOL' s definition of a spunous polygon is a. more stringent case

»

than the case. of zero lower bound; as was suggested here. -

: W . <
5 43 Strengths and Limitations . J ) o
The strength of the epsrlon model is m its sound'basrs It takes the geometnc form of 4
the f mal cartographic product and assigns a value of unocrtarnty to this well-def ined
_boundary which is applrcable to all boundaries and therefore to the whole rnap Thrs is o
unportant because. even though epsrlon can vary from map to map or evén within a smgle
map, lt~fafcﬂitates measurement of variability o,r.'error for all its subdivisions. Other methods
of assessing map accuracy apply. probabillty theory to a ra'ndorn sampleof points within the
‘map. Depending on the coverage involved, and the number of points sampled and
. subsequently cornpa,red with ground truth, these rnethodsltmay suffer from over- or

[
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underestimation (Chrlsman 1982a). These prowdures are bAslcally almed at determlnlng
percent classrfled correct, or the rellahlllty of. attribute clauirrcatlon This does not: take

)'I
individual classes into consnderatton and we have il trated that va f »

to class (due to effects of polygon sne dtstnbutron of total class area. ‘and polygun

y differs from class

o
compactness. The epsilon model gives real esumates of error at all levels, by polygon, by

class, or for an entire category, allowing examination of the’ structure of error withln' the -

map. The variability of area measurements are{presented as upper and lower bounds on area'.

These 'oounded area estimates parallel basic statistical methods, | such as standard error

estimates of means or confidence limits on proportions. The concept of a geometric def inition.
| of vanabzltty is recurrent in other works as well. It has been suggested that error bands of

-

cartographic lmes could be graphically mcorporateds'mto the map as an indicator of their

| accuracy (MacDougall 1975, Yoeli 1984). * )

All of the limitations 'to the use of the epsilon model for measuriné cartogra'phic error
. t\n this application are due to the rnanne,r’/in whichfit was implemented. The epsilon model_ a
should ultimately construct a proximity netvror'k around lines te the neighborhood of all
fpomts within epsrlon of the line and closer to that line than any other lme (Chnsman 1982a)
The accurate constructlon of this network reqtires the spltttmg of bands that overlap on
nonad jacent segrhents which was not aclu'e’ved in the program EBAND. As a result band
‘areas are overestlmated by an unknown amount. The GPPU software system is capable of
vgraphlcally creating the f ull versnomof the proxlmtty network, but ethccessf ul, this
processor was not intended to calculate areas within those bands Instead; a rather |
complrcated and time-consuming method would be requlred to generate the graphics, handle

'~ them as polygons, then successively subtract areas to arrive at band areas, not to mention the

organizational gymnasucs %ecessary to accomodate nested polygons. -

B B

.
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6.1 Summary and Conclusions - : : ;
The gqel of this thesis was to‘examine-the effects of cartogfaphic error' with an

omated. spatial analysis procedure polygon overlay. An applied app;oadr was taken to the

ing 4 set of real-world, albeit atypical, mapped data. The epsilon distance values

4

0 estimate error m the maps were based on deductrve Jmeasures of known positional
error aocumulated from n the field survey to the digitized version of the maps A range of

values were generated for analytical purposes, and the value of 0.7 meters has been argued as

a reasonable measure for the dataset.— “

2

Exaniination of error in the maps of surface features and slopes before and after

overlay rllummates a fundamental relationship Petween the error model that was used and the
vector polygon data organizatron. Planimetric error, as measured by variability in
vectorsencoded boundaries, is a function of the degree of subdivision\or perimeter, within the
map area, due to the intrinsic geometric prope;rties of the error model. This reléﬁonship is es
simple gnd suaig_lrtforward as the equation for ','horizqntal~ accuracy,” or positiorral'error,
grven earlier by MacDougall in Chareter 4. An increase in perimeter results in a conespondirré\
increase in error. It f ollews. then, that by com‘bi)ning two séts of roolygons through overlay,

the pe;irneters ere also combined, and the error in the resultant, composite map increases by -
the amount of increase in resultant perimeter. The epsilon model reduces the error estimare by -
: adjtréting inequalities in band area created at angles in the lixre segments However, our results

show that, in the overlaid inap, these ad]ustments reflect a decrease in actual error of less

than one percent, which could not be eonsrdered srgmf icant.

¢

Other observations made in the érror measurement results are a direct consequence of

the role of perimeter in error measurement. Polygon compactness decreases in thé resultant

L

map over the originai map because the total area is fixed, »while perimeter increases.

Pmporﬁons of error for a given pdlygon afea are defined by its\perimefer, such that f ora

0
S o /
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fixed polygon area, error increases as the polygon becomes less compact, ar incre’a:es itg

perime;er. -3
| Mfiat this researcl}', best illustrates is a meahs of assistix@ users of dig{ial-cartoggapi\ic
data in' determining the limitations of usef ulneés of such data for analytical purposes. .
Positional accuracy is an important com?opent of iﬁformatior)l c.n{alit_y'.v “(ilh whicﬁ\\'
cartographers are becoming increasingly concerned; ; ’ \
. . , . \
6.2 Future Pers'pectﬁa | ’ | A\
Tw'o by,-products of the ap;;licatidn of overlay and error measurement have po‘lem\;al
for other uses: the data produced_f rom the polygon overlay andﬂlhe program created to
measure epsilon bands. In spite: of the large amount of error found in the résultant polygon
set, the raw overlay results could be useful for geomorphologncal purposcs The
cross -classification of surface features and slopes showed distinct trends in intersection
characleristits which may or may not be useful for integration with studies of erosion rates
* and processes. In this we have an exa}nble of the use of i:lf ormation regarding data reliability.
The geomorphologist knows the'relihiﬁlity of thc composite map and can now judge whether
\ any or all of the data are suitable for his purposes. ﬂ
‘ \ The xmplementauon of a program to calculate epsilon bands points to many research
possibilitiés. We have already seen that epsilon error dxstances can be used in'a ‘polygon
overla)‘;‘ program to avoid generation of spurious polygons. Thisu is essentially a spgtial f iltcri‘ng
préi:es;s; lines which are within a set tolerance of ‘each other ate considered: identical and are
generalized so that thc; are coincident. Aside from this f unctioﬁ within polygon overlay the
epsxloﬁ tolerance function can be used specifically for line generalization (Chrisman 1/982a
1983), removing detail and reducing numbers of pomts based on a clustering an;l;sxs of |
pomts within epsilon of‘each other. The basic conoept of moveable points within a probabnhty

region is the fpundauon upon which many applications can be built.

'
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Program MERGER.. s s

_g\ . ) | .o “____ l lw v

.

NOTE This documentation describes the resmctxons input requirements, and output

characteristics of the program MERGER. No msrrucuons on how to run the program are
given, since this will vary. from system -to system, If this program is to-be used’on the =
VAX/Intergraph system in the Department of Geography, U. of Alberta, please see the
system manager for specific instrucuons on how to run this program. -

- The mpur f rlename must be MERGER DAT. . o /

Languagé: FORTRAN
P

.- Purpose: Reads X and Y values of polygon vertices from a sorted lrst X and Y values f or. '

all vertices that are within a specified radial tolerance distance of each other are averaged
and the new values are-output as the new location of the vernces ’

. ».Restrictrons ‘ ' _ ‘ T

- Maximum number of vertices is 15000. ‘
- Tolerance distance is set to 42949 To change this, edit the value of vanable TOL in lmc

94 of the main program. | o N
Input requirements: 4 -‘ R S

- X and Y values must be type INTEGER

- The vertices defining a single polygon must be listed only once in- the input, i.e., the
first vertex of the polygon must not be repeated as the last. . f

- Input records must be sorted on X wnh rhe smallest X at the begmmng of the input

. file.
- - Input hst format is (12,215 2111) Each field in an mput file record conlams the

© -~ following: - S L : /
. 12 Level number (optional) : _ { toe v /

IS Polygon occurrence number - : _
I5 Polygon vertex sequence number . Lo T /
11 X value (right-justified in data field) : L \//

11 Y value (right-justified in data field) oL

' N ' A
"Output: The outpu,t frlename is MERGER@UT The output records are in the same -
format as the input records with new X and Y values for vertices that have been merged.
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Program EBAND

) ‘NOTE: This documentation describes the restrictions, input requirements, and output
characteristics of thé program BBAN{). No instructions on how to run the program are given,
except for interactive inputs, since this will vary from system to systers: If this program is to

be used on the VAX/Intergraph system in the Department of Geography, U. of Alberta,
please see the system rganager for specific instructions on how to run this program. ”
" -«

1. Language: FORTRAI?

2. ‘ : Reads X and Y values from a sequential list of polygon vertices. Calculates the
area of a band of a user-defined width (epsilon) on'the inside and outside of the-

polygon. Also calculates an index of polygen compactness, relative to a circle of the same
area. "
- [ 4

3. Restrictions: -

* - Maximum number of vertices is 40000. ..
- EBAND currently uses a scale factor of 42949.0. To obtain areas and perimeters in the
desired units (e.g., meters or feet) as output, all X and Y input values and the epsilon .
distance value must be multiplied by 42949.0. To use the same ynits of measure for

input, output, and for specifying epsilon distance; chan‘gerxhe value of variable PUFA to
1.0, on line 103 of the main program.

4. Input requirements: .
- X and Y values must be type INTEGER. ‘
- The vertices defining a single polygoh must be listed only[once in the input, i.e., the
first vertex of the polygon must'not be repeated as’the last.
- The vertex sequence numbers for a single polygon must be sequential in the input list.
The rocords for all polygons with the same level number should be grouped together.
- Input list format is (12,2§5,2111). Each field in an input file record contains the
following:
12 Level number (optional)
I5 Polygon occurrence number’
IS Polygon vertex sequence number
I11 X value (right-justified in data field)
111 Y yalue (right- justified in data field)

e
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5. ..User inputs EBAN-D requrr hree mteractrve inputs from the user Af ter the program is .
T mmated the user responds to the followmg prompts PR

]

ENTER NAME OF INPUT FILE - <CR> TO EXTT
response: enter the name of the input file?
OI press return to exit the program.

An incorrect filename will cause the program to exit.

ENTER NAME OF OUTPUT FILE B A SR
' response: enter-the name of the output file, -
_-Or press return. .
e
- ENTER EPSILON DISTANCE IN
- POSITIONAL UNITS,
- OR. ENTER -1 TO EXIT
response: enter the epsilon distance in the correct units..
-{"positional units" refers to an epsilon distance, value expressed as the desired
~units (e.g., melers or feet) multiplied by a scale factor of” 42949 0) -
or enter -1 to-exit the’ program o

'(\L'

6. Output The output frle has eleven columns whrch contam from lefttor _;gh_
LV': Polygon level number ,
-0CC: Polygo? occurrence number.
% : Inner band area as a percentage of of polygon area. .
.- INNER AREA . Inner epsilon band area. - '
© 'LOW BOUND ‘Lower bound on polygon area.
- ORIG AREA : Polygon area defined by its vertices.
- HIGH BOUND -Upper bound on polygon area.
~...OUTER AR Outer epsrlon band area. |
~ -~ % ; Outer band™area as a percentage of polygon area.
LPERIMETER Polygon perimeter defined by its veftices. ' -
. SHAPE INDEX - An index of polygon compactness, based on penmeter/area ratno
reIatrve to a crrcle (Index is calculated as Penmeter/(Z/ /2 Area) : .

o] e

Polygon areas perrmeters band areas upper and lower bounds and’ percentages are
totaled by level number and for the whole polygon file.
g Compacrness rndex is averaged by level number and for the ‘whole polygon file.

An empleoutput file is shown in Appendix 3, f ollowing. -
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