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Lailoul Mdps TEpresenn & [yPIca mose Of displidy SParial Telauinsigs i
enly in gealogy, buk in many other fields when the disuibutson of u propery over
space is investizated Compuater comtearing has many advantages  All the mam
aspects of contouring are discussed. A comtour fidlowing algonthm 15 grven 1 was
implemented n £ALA, o peneral-purpese surface modeling software
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Contsuring

Spatial data are three dimenssonal data where @ dependent variabie 7 15 a
function of two independent variables x and ¥, z=z2{x.y] Abtlwsgh data are three
dimensional, they can be represented in A two dimenswonal foem by projecting the:
comiouss in thee-dimensional space into the two dinensional {independent vanable)
plane, Contour maps represent a typical mode of display spalial relationships nnl
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only in peelygy, but n mam other fields when the distmbusion of 3 properly o
space 1= avestigated. hydrology, envizommenal, meteorlogy, wpnculiure, iglogy
mathemancs. statistics, engineermy. Such maps have both quantitanve and prictonal
values

Contouring is 1 laborious task even for experienced specialists Coingaer
mapming has many shantages:

» larpe data se0s can be manipolated,

high speed m contouring

* data can be easily updated,

nigltiple hypatheses cam be tested,
* mapping resulis can be furtler anaiyzed using oiher programs.

The object of contouring is praphical deawing of 1selines. Tsolines are lines
yinmg poims hinmge coual values of some property. They are lines of consoan
value of dependent vaniable «, projected o the plane of mdependent variables x, y
Data may comsist either of 2 finite number of values of the dependent vasiable (EAT:
a set of locations 1%, v) or 8 mathematical expression relatmz 7 to % and v The
discrete case is the most common one. aally data pinnes are imegulsdy spaced.
That 15 why contounng metods penerally containt twi dishnct stages

o imergelation of ivegelsly spaced dara o s systemanc prid points
[eridding;
*  drgwing Of 1S0IMes (conluanng|

The prmeiple of isolines construction is fo aviad calonlating ' unnecessany
poiis values, but instead to find only & selection of points ar specified z values. No
value is caleulated for podnts that fall berween isolmes, E

Contouring peoblemt has owo man uspEcts:

= caleulabon of confour ine segiments;

& diwwing of confour line
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Caleulation af contaur line seements

A contour s Formed cither by stearght-line sepments or by curved Tise
segments Fven of the wee of strighl bine seoments across each wmd cell mas
produce comtgar dines of objectionable appesrance, they are widelv used. mainly
because the problem can be elimmated by redacing fhe e size

I and z, are z-values i two adjacen: pomts of & gd cell and 2. s e
cantour lever, then the comour tevel will intersect the gnd side 1f

(7B Mt = 0 0y

The end paints of the line on 8 grid are foand by lincar interpoiation between
gnd points along the edges of the pnd clemen If other nearby grid nodes are used.
a eurved Nunchion can be caleulated with nodes surroundmg the cell

Lssally enly one {or none) contour lines of & given level will pass througl a
grd cell Whenever two opposite comers of 3 gnd cell are gmeater than & grven
contour level and the other two comers are less, that gnd cell can have two contour
lines paszing throueh it When two contoar hmes pass theough the same geid cell,
IJ.l..I.'a..IIIIhI;IJ'E ikl r.q.'..ﬁ;u.-ll.,jllE T T o | :,i-_-il.';di.i_'.'_r' q.'-.'.-.'-|'..:.i.iul-.,:'_-i 1_1. E;T]'L:Eiif.l_-\. ..r!::_'
lines st connect adjacent sides, otherwise the contolrs will cross. A new « vialug
cai be determined al the diaponals’ inersection, in oeder (o eliminare the arnbipmnty.
ke new 4y value wiil be equal to the average of 2 values i the comers of grid cell,

L AT s 8

Lo = [PV Ep=Ey+ 10 27

Drawing of contour lines

There are two classes of contour drawing al porithms

® arid scan fechnsgoes;

¢ conowr followmng fechmigques.
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Coriel sean techmigues o amine each zrd cell moum When a o element s
eammnand, the identificd Line sepments are drawn. The method 5 vary simple and
minizes the compurer fime Magor disedvantages are the difficully in assiming
contenr level and the ineMicencies of pen movement, when o platter 15 used as
shaiphia: cutpat device

The method can be improved morder to contimecasly deaw @ grven contour
lewel. Al line sepments Belonging o that contonr most be first stored and crdered,
ther drawn This imoles additional memory 1o etore the line sooments and increaced
COHIEpURATIN Jimge .

Contour following  techniques consists moa conbmucus  pereration of
seprnents of & smgle line contour. The procedure terminates gither spon closure of
the bine or inlersection with the grid bomdares. The fomc of sweh a method is mare
eevmiples thin the gnd scan technigues and requires mereased comgsaistion e, The
e must @l imelode a method of preventing refrawing of a comtear sher amather
portion of i is encounterad

lsolines are often smoothed. generally sz sphines. Splined isolines sre
prmanly cusanetic They do not add infommation or mprove the surface estimate
Bad spline algonthms can even prodiece spurious smuosity 0r contour crossing

A ocontinaos contour trecing algorithm

A continung contour tracmg algorithm was implemented 10 £AZA & gencral-
purpose surface modeling software. Every contowr Jevel is drawn 0 3l most oao
gtops. esienme contonr Tevad §5 sossible. Undetined zvalucs in wid e dlowed.

Yhe algonthm is a combnnation of gnd scan and contonn following techniques
For every contour fevel thal must be drawn, grid is scamed. When a bne is foand in
current cell, the procediue shown n fig. 1 is followed. The procedure implements &

enlonr following method  Assiyming contour level is optional,

Every encountered cell when a contour [ine is traced will be marked Cells
are reset eveny fime g new contowr level is stanted  Tnderor izelines are deawn in one
step. Boundaries’ isolines are drawn in one or rwo steps Dovble track isolines in a
cell are alwavs detected

The algorithm was mplementel in Borland Pascal 7 0, using object-conented
methods
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Fig. 1 Contouring algorithm
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