CANADIAN THESES ON MICROFICHE

Ly

THESES CANADIENNES SUR MICROFICHE

.* National Library of Canada  _
Collections ngelopmem Branch

Canadlan Thesas on

Microfiche Service sur microfiche

Ottawa, Canada
KtA ON4

NOTICE

" The quality of this microfiche is heavily dependent upon the
quality of the original thesis submitted for microfilming. Every
effort has been made to ensure the highest quality of reproduc-
tion possible.

' If pales are mtssing, contact the university whlch granted the
degree.

. Some pages may have indistinct print especially if the original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an infarior photocopy. -~ -

Previously copynghted matenals {journal articles, published

tests, etc.) are not ﬂlmed

Reproduction in.full or in part of this film is governed by the
Canadian Copyright Act, R.S.C. 1970, c. C-30. Please read
the authorization forms which accompany this thesis.

a
r

THIS DISSERTATION
'HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

~

ML 330 {r, 88/00)

Service des th@ses canadiennas

" Bibliothéque nationale du Canada
Direction du développement das cqllect!ons

__Avis

- La qualité de cotte microfiche dépend grandement de la qualité -

de'la thése soumise au microfilmage. Nous avons tout fait pour
assurer une qualité supérieure de reproduction,

S'il manque des pages, veuillez communlquer avec I'unlver- '
sité qui a conféré le grade.

~

] .
La qualité dmpression de certaines pages peut laisser &
désirer, surtout sl les pages originales ont été dactylographiées
a l'aide d'un ruban usé ou si I'université nous a fait parvenir
une photocopie de qualité inférieure.

Les documents qui font déja I'objet d'un droit d’auteur (articles
de revue, examens publiés, etc.) ne sont pas microfilmés.

La reproduction, méme partielie, de ce rnicroﬁlr’n‘ ast soumise
a la Lol canadienne sur le drolt d’auteur, SRC 1870, c. C-30.
Veuillez prendre connaissance des formules d'autorisation qui
accompagnent cette thése. '

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE

-

Canada



-

w4

SN N
" B ."\5\,\_ Lo . \ .
’ ERERA
. \‘*: . ' “\
h ' o
- TOPOGRAPHIC FEATURE CODING .

’Eruce D. Wood

4 thesis
presented to the University of Ottawa’
in partial fulfillment of the
requirements for the degree of
Master of Arts
. . in . -
Gecgraphy '

OTTAWA, Ontario, 1984

(::) Bruce D. Wood, Ottawa, Canada, 1984,

)'\/



—@—I UNIVERSITE DOTTAWA
 UNIVERSITY OF OTTAWA

A L i N " o s 1 b i e e e LB

w—— ...-r A g e et e 4



ABSTRACT

‘This research has investigated in detail the scope and
breadth of the topographic feature coding problem.-
"Perspectives on the nature, issues and need for an integrated.
approach to feature classiflcaticn are discussed. Six existing
cla551ficat10ns were crltically analysed ‘as part of this
research and several ideas were generated to serve as a
guideline for the implementation of a code which could
facilitate both conventional map preduction and geographic
analysis.

RESUME

La présente recherche consiste en une étude approfondie de
la portée et de 1'ampleur du probléme de codification des
détails topographiques. L'auteur traite des perspectives sur
la nature, les aspects importants et la nécessité d'une
méthode intégrée de classification des détails topographiques.
11 effectus 4galement une critique de six classifications
actuelles et formule plusieurs nouvelles idées pouvant
.orlenter la mise en oeuvre d'un code qui pourrait faciliter la
production traditionnelle de cartes et l'analyse géographique.

- ii - .
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. Chapter I

TOPOGRAPHIC FEATURE CODING

l.1 OBJECTIVES

The purpose of this thesis is to document in detail the scope and

breadth of the topographic feature coding problem. In particular, it

calls attention to the numerous serious and eXpensive pitfalls

associated with a precipitous apgg¢ach to the problem and suggests

several research directicns toward the developwent of a uniform
[

classification which should be considered.

This research is important because the whole question of
155 .
standardization in cartography is becoming increasingly impoértant as
meore and more cartographic data are being transferred in digi{al form.

Traditional cartographers have been primarily concerned with the

- standardization of map symbols. _Staﬁdards for digital cartography

require new perspectives, which in turn entail a sound philosophical and

methodological approach to the problem of feature classification. This

entails therefore, not just criticisms, hut explanétions of why and how

mistakes are being made. A profound academic and research approach is

different from a task force approach to the problem.

The role of a national topographic data base 1s important. The
organization of these data and the subsequent ceding schema must be
fiexible enough to accommodate the changing nature of both users and

preducers of digital map data. A topographic feature classification

)
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‘could provide the’ basic framework for the software development required

of user friendly information systeﬁs capable of both graphic
represgntqtion and ggographic analysis. It might well be the case .
‘however that it is quite difficult, if not impossible, to implement a -

classification that will meet everybody‘s need for there are many

unresolved issues of enormous,practical'significance, that should be

taken into consideration in order to facilitate the many complexities

associated with digital mapping. The major issues addressed in this

thesis concern the development of a classification system founded upon

the concepts of 1ogfcal consistency,<terse.and exact feature

description, data measurement level and of course, clear sclentific

>

thinking.

1.2 RESEARCH FRAMEWORK

The Federal Government of Canada, and other lecal and provincial
1évels of gqvernment and industry, are in the process of encoding
spatial datalin digital form. A classification of topographic features
has:recently been proposedtby the Canadian Council of Surveylng and
Mapping (CCSM) a$ a national standard.! This sfandard, if adopted, will
basically become ﬁhe interchange linkage for all of the digital data
collected by the Topographic Survey aqf the Surveys and Mapping Branch.
Topographic Survey is, and has been in the process of digitizing terrain
informatioﬁ since the 1960's. Oﬁé of its present goais is to digiﬁize

map data of the whole country at the scale of 1:50,000. An investigation

1 canadian Council on Surveying and Happipg, Standards for the
Classification .of Topegraphic Features - Draft Report of Technical
Committee I, Energy, Mines and Resources Canada, Ottawa. April, 1982.
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;k thie ¢classification is therefore extremely timely. Governmenes_within
" canada, of course, are not the only ones at, or through.‘the threshold
of prov1ding map‘data in dlgital form. Indeed the whole problem of
exchange of spatial information in digital form between governments and
between the privete;and puhlic sectorsiis 1comin§ monstorouslyﬁon the.
information.prOEessihg horizon. . e

The problems of spatial information technology exchange can be
classified into four levels elucidated by Witiuk as the conceptual
level, the algorithmic level, the systems 1eve; and at the final ;esulte
level.?® The Eopcgrapnic feature eoding problem, seen in the context'as-
qcchéyihg the lowest of the four may be misleading; in'that, éspecially
with spatial data, there are a host of conceptual preblems relaéed‘to
data which ere easy te underestimate, and easy tb qiecount when others
complain of having them. This may explain the lack of attention given to
data exchange. '

.At a very baeic level there are a hesf of technical standards

; . .
regarding EDP mediums, formats, selfldefining-heeders.and coéesrthat
hust be deﬁeloped and adoétéd, but these proplems, although of concern,
can be considered to lie largely-outside the realm of cartegraphy and
within the fields of electronic data processing. Withih the scope of
cartography, the main concerns are those regarding data structure and
the encoding methods for feature representation, and Jhether the
i

features recorded are fundamentally the geographic phehomena themselves,

or recordings of the traditional grapnics utilized on paper maps to

1 5. Witiuk, "Issues in Exchanging'Spatial Systems Technology," in D.
R. F. Taylor, ed., Current Issues in Geographic Data Processing,
Carleton University, 1976, pp. 79-91.




represent the geogfaphy.

.

1.2.1 Geography and the Nature of Cbmputer Mapping

Throughout tngir lcﬁg and intefésting histeory gédgrapners ﬁave
utilized.the cartographic form'of.expression as a means of communication
. to prdVidg é&nthésized and comprehensive ﬁerspectiQes éf groad.and'
complex spatial relations. The ﬁap as a traditional medium of
communication is rapidly undergoing a transition tﬁét has been largely
centeréd around' the technclogical iAnovation of the computer. |

Many appliéationgﬂand developments in computer cartography, anﬁ
the important uﬁderlying thedretidal'researcn has beén undertaken by
members of the geographic d;séipline in an attempt to mainﬁain and
improve communication, both within the sub-realms of dJeography 1t§élf,
and between yarious sciences §nd professions. New perspectives of J
viewing earthly phenomené‘through developments in remote sensiﬁg, as
well as recent developmengs in 'geographic information processing, are
further contributing t; the fundamen;al measurements, with the aid of
the computer, which will greaﬁly incfease the perception of the
geographe;.of the future.

AL )

Despite the fact that their tools and means through the 1980's

bl
v

are continually developing, the fundamental principle of empirical

observation, observation which is measurable, replicable and

§ubs¢quently verifiable has remained constant. This key concept, in
association with its emphasis on the spatial component, provides the
basis.for.;he_continqpmﬂof sclentific geographic inguiry. This 1is

particulariy true for those who use maps and as a concept is all ﬁhe

more applicable in the era of digital mapping. -



' o In traditional geography the medium for the written word and/or
the graphic form of expre551on was the paper on which the orig1na1
author documented his researon. The usual mode of communication was the
language ahd/or cartographio convention the author ohose to follow. In
the digital era, particularly as it relates to the'graphic foro of;
representation, many of the commonly accepted standards of communicaﬁion
have undergone rapid transition.

Much cartographic lnnovatlon evolves dlrectly from the
requirements and possibilities of the digital data base. Tobler
discusses several of these aspects by stressing the theoretical

relationships cartography holds with mathematical geography, geodesy,

photogrammetry, remote sensing, computer graphics, geographlcal

matrices, fourier transforms, quantization, coding, map generalization,

pattern recognition, generalized spatiel partitionings, geogrephic

ng and conversions, map projections.and geographic informat;on

. systems.? A basic starting point in realizing these requirements and
possibilities is a clear comprehension of the distinction between two

-
conceptual types of maps: the real map (ie. the conventional paper map)

and its digital counter-part (the virtual map).* /ﬂ_‘J//u/

* Waldo R. Teobler, "Analytical Cartography," American Geographer 3, no.
1 (1978} :21-31.

* Harold Moellering, "Stradegies of Real Tlme Cartography," Cartograpnlc
Journal 17, no. 1 (June 1980):12-15; James P. Corbett, "The Potential
For Linking All Types of Geographic Base Files,” Perspective on

" Geographic Aspects of Information Systems, B. Wellar ed., (Lawrence,
Kansas: Institute for Social and Environmental Studies, University of
Kansas), 1972, pp. €69-76; R. E. Barraclough, "Mapping and EDP,"
Planning 1965, American Society of Planning Officials, (Chicago,
Illineis), 1965, pp. 313-318.
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Traditionaa_sfrtographic principles are of course requisite for

cartographic training® but we must be aware of the questions being

raised.regarqing the fact that a student iéeking training in cartography

is opting for early obsolescence if he or she does.hot learn the basics

of programming} image manipulation, digitization, cértograpnic data

structures and the available production options made éossible by

compﬁﬁer assisted cartography.*® Further, tﬁe need for a total

integration of cartography within all of gquraphy's topicai fields of

interest is founded on the fact that J;n the hands of a‘well—trained

geographer, Tartographic thinking assisted by modern remote sensing and | B
interactivé computing methods-is without eqﬁél as a cfeative, productive

means for geographical anal&sis and interpretationi“’ The methodeclogical , 5
tool box recommended by Tomlinson ceqt;inly underscores the importance

of developments in computer mapping to the geographic discipline for the

measurement, modelling and planning of man's environment.®

* Naftali Kadmon, "Graphic Communication and the Importance of Teachiq{f"/
Traditional Cartographic Principles in the Computer Age,"
International Yearbook of Cartography 23, 1983, pp. 161-167.

Joel L. Morrison, "Computer Technology and Cartographic Change," In
The Computer in Contemporary Cartography, Ed., D. R. F. Taylor.
(Chichester: John Wiley and Sons, 1980}, pp. 5-23.

Phillip C. Muehrcke, "Whatever Happened to Geographlcal Cartography?" -
The Professional Geographer 33, no. 4 (Nov. 1981), pp. 397-405.

Rocger F. Tomlinson, "Skills Needed By Geographers in the Business
Community," The Operational Geographer ne. 1, 1983, p. 32.




1.2.2 ;Probleﬁs”of Spatial Data Exchange . : S -
The p;ébléms of exchanging spatial data have come to the

" forefront of spatial information processing only recently, however in

the broades; sense there has been a need and an increasing aﬁteqpt to

exXchange spatiél data for over twenty years...by Robert Sparks, Albert

Guttenberg, James Aﬁderson; and Clawson and Stewart, to name but a few.!

These early commentators_suggested that é uniform land use

classification would bé an important step in.thé right direction if the
+ .
planning profession is to keep pace with population growth and
technological development. Two major handicaps they identified were: 1)
tﬁe'incompatible classifications and differing definitions of terms; and
2) the lack of measurement. Further they noted that progress in planning
and planning research depends so_mucn on an exchange of empirical
fin&ings, it is especially'important for planners to have a common
language, a language so precise as to leave little room for
misundersﬁanding aﬁd that the basic problem in.the entire land use field
is one of developing a classification of land uses, utilizing definitive
criteria for separating the various classes, that will give objective
and repeatable results for any area being studied.!® Anderson drew

¢

particular attention to the need for objectivity in the identification,

’ Robert M. Sparks, "The Case for a Uniform Land-Use Classification,"
Journal of the American Institute of Planners 24, 3 (1958}:174-178;
Albert E. Guttenberg, "A Multiple Land Use Classification System,”
Journal of the American Institute of Planners 25, 3 (Aug. 1959), pp.
143-150; James R. Anderson, "Toward More Effective Methods of
Obtaining Land Use Data in Geographic Research,” Professional
Geographer 13, 6 (Nov. 1961):15-18; Maricn Clawson with Charles L.
Stewart, Land Use Information: A Critical Survey of U.S. Statistics
Including Possibilities for Greater Uniformity, Rescurces for the
Future Inc. (Baltimore: Johns Hopkins Press, 1965) .

19 Sparks, 1958:175} Guttenberg, 1959:143; Anderson, 1961:15.

-



classificaﬁion and maﬁping of idle iand suggésting fhai sub-categories
should be established to best del}neaté abandoned or idle land in terms
of an area's last, or most obvious economic use (ég. 1dl§ crop l;na,
idle pasture land, idle forest land, idle urban 1anﬁ etc.).?

A major work on standardization by Clawson and Stewart founﬁ that
accurate, méaningful, current data op land use are essential if public
agenci;s and private organizations a}e‘%o know what.is happening, and
are to maké'sound plans for their own future action.!? Some very
pertinent issues they émphasized included the need for: 1) a continuing

organization of specialists representing most if not every group

concerned with data about land; 2) a comprehensive system based on

logical concepts, each on a pure line basis; 3) maximum detail in the
+ -

?ésic enumeration stage, with groupings and summaries oﬁly at a later
stage; 4) flexibility such that data can be used in great detéil or
summarized into broad groups as desired, and flexibility such that
geither different groupings of uses, oOr di;ferent groupings of areés can
be used for summar;zation; 5) the availabilipy‘(and future availability
of comparable data for earlier periods) to anyone who needs it; and 6) a
minimum of duplication between sources of data, especially duplication

in the expensive data-collection and initial statistical processing.!?

11 James R. Anderson,_ "The Dilemma of Idle Land in Mapping Land Uée,“
Professional Geographer 14, 3 (May 1962):16-18. .

12 Marion Clawscon with Charles L. Stewart, 1965.

pure series data are required to avoid ideas of sharply different
characteristics (dimensions) being intermingled in data series. It
was one of the most significant conclusions of the Standard Land Use
Coding Manual: A Standard System for Identifying-and Coding Land Use
Activities, Urban Renhewal Administration, Housing and Home Finance
Agency and Bureau of Public Roads, Department of Commerce.
(Washington, D.C.: U.S. Government Printing Office, 1965) .




Clawson and Stewart also remind us to be realistié about éne
1 - .
difficulty of implementing'a single general purpose national
classification system suggeéting that perhaps a second syétem,-suCh as
one based on longitude and latitude, could be accepted by everyohe as
the second system, to which they would be willing to felate éll-data
enumerated or assembled by them. Further, a basic thesis they brought
out at this early date was that tq overcome compérability‘problems over
time  and space, data on land could be transferred éiectronically to
anétner point of use very quicklf. "Thus it is no longer necessary that
gach point of data use have its own storshouse of‘land use data in the
form of tabulations, publications, maps etc., but réther, data obtained
in one place or by one agency could be stored in a selected place, ready
for use Sy anyone quickly énd inexpensively."!* Is this not the basis of
spatial data transfer in the digital era?

The principles ﬁnderlying these ideas, although gererated in the
late 1950's and 1960's are'applicable to the requirements that should be
facilitated in the cellation of a national digital topographic data base
in the i980’s. The basic idea'is to collect and encode data in a format
that facilitates their use beyond the immediate needs of the collecting
agency - |

In 1970, at the opening address of what is often referred to as
the 'First Auto Carto', Tomlinson advocated that "a strong case can bhe
made at the national level to examine the needs of an entire country in

terms of the decisions that will have to be made about the environment

in the next ten years, and then to formulate a national research and

-

14 Marion Clawson with Charles Stewart, 1965, p. 54.



deﬁelopmeﬁt program to ensure that éystéms to handle the-data will‘be>
availabl;e."U He further stated tq§t thé "data requir;d must be chosen
by the agencies responsiblé for théié use, and notf as at present by the
agencies responsible for their collegtion;? In the 1QBQ:SH§ proposed
Canadian national standard for the ex;nange of digital topographic.data'
is being ;mplemented largely under tné.guise of a bureaucratic task
force... the data collegtors.“

3 -

1.2.3 The Growing Problem

|

The problems assoclated with, and the importance of imprbving our
ability for spa;ial data transfer are accentuated by the fact that more\
and ﬁore government agenciles, universities and private industry are
making use of the computer fof'storage, retrievai and analysis of B
spatial dat;.l’ Often however the unit of‘analysis has begn collected

without careful thought as to what other uses the data might be put.

Several diseconomies associated wiéﬁ"this phenomena include the simple

'3 R, F. Tomlinson, ed., Proceedings, Environment Information Systems,
UNESCO/IGU First Symposium on Geographical Information Systems,
Ottawa, (Sept. 1970). .

1¢ canadian Council on Surveying and Mapping, Standards for the

Classification of Topographic Features — Draft Report of Technical
Committee I, Energy, Mines and Resources Canada, Ottawa. April, 1984.

Clawson with Stewart, 1965; R. F. Tomlinscon, 1970; Joel Yan, Sid
Witiuk, and Terry Fisher, "Exchanging Spatial Systems Technology:
Related Issues and a Case Study," Proceedings of the Second Annual
Symposium Workshop of the National Capital Geographic Information
Processing Group, ed. D. H. Douglas (University of Ottawa, April
1977), pp. 41-50; Interministerial Committee on Geegraphical
Referencing, Proceedings, Ontario Ministry of Natural Resources,
Toronto, Sept. 1978; and Inter-Agency Spatial Data Transfer
Committee, Standard Format for the Transfer of Geocoded Information
'in Spatial Data Polygon Files, Energy, Mines ‘and Resources, Document
Code For-SDP-0001, (Ottawa, Dec. 1979).
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(but expensive) fact that: 1) often spatial data are not readily

interchangeable; 2) resources are lost in the duplieation of data
collection and/or thevexteneed efforts required to transform, replot or
Fegenerate the data in order ;o use ehem;land 3) any rea;'benefits
derived from using tne'domputer (such as timeliness; efficiency and/or
replifability) are lost to the costs'associatee with outdated,
incompiete,and'inaccessible data.??

Many examples of the difficult problems sﬁrrounding the efficient'
use of digital spatial data are p;esenﬁly being faced by users of the'
‘new tecﬁnolog&. For example, Tripe delineatee some important issues

‘

concerning the Canadian Hydrographic Service's acquisition of a digital
data base: "Which data are to be stored and in what form? How does one
' access_data and who should access the data? What guality cont;ol
maintenapce is required;‘wnat form will the output take, digital,
graphic of both? How 1arge'is the data base likely to be?"!?

Similar research described by Puderer concerned the interface of

the peostal code (six digit aipnanumerie_code in operation since the

early 1970's) with the area master file (line segment file similar to

the DIME data structure based on block faces).2?® The thrust of the

research was to increase the utility of the data within Statistics

% Yan, Witiuk and Fisher, 1977; Interministerial Committee on
Geographical Referencing, 1978.

R. L. K. Tripe, "A Critical Review of Automated Hydrography Within
the Canadian Hydrographiq Service," Proceedings, Conference of
Commonwealth Surveyors, Overseas Development Administration,--Part II,
Paper J1 (1979) pp. 1-10. '

i® Henry A. Puderer, "Census Geography Staff's Planned Postal Code
Master File - Area Master File Linkage." Paper presented at the
Canadian Association of Geographers Annual Meeting, {University of
Ottawa, June 1982). A
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Canada to improve both automated geographic coding and staf;stical
analysis. Hotivéting factors stimulating this interface included the
need for site specific‘data.as wéll as to improve the transferability of
the déta base with other geographic information systemé.

' Ah important aréumentfpresented by Harrls contends that
topographic mappiné must. provide the digital base to avoid a.wastéfui
and confusing situation where themaﬁic mappers make théir own data
base.?! Avoidance of this situation depends on the actual costs involved
in exXtracting data from Topogfgphic Survey Departments. Some have made
.the analegy to pulling teeth. In order to efficiently utilize this
topographic data base, and avoid the type of diseconomies noted above,
the digital topographic data base must be structured so as to allow the
transfer to-the widest array of uders.?? In the United States, one
example cited by Marble concerning natural resources and the probiems of
exchangingifggg;al data is that of a hydrologist developing an.
integré£;; model showing the relationship between land use and run off
in a river basin. Digital data sets exist for all the ecosystem
componénts that the analyst is interested in. "Bﬁt try to combine them.
Try to take the digital information on land use, watér flow, stream —
quality and precipitatibn ffom different agencies, collected from

different bhases, with different gecgraphic coding schemes, all of which

are basically incompatible in one form or another, and try and put them

*! Lewis J. Harris, "The Application of Computer Technology to
Topographical Cartography," in The Computer in Contemporary
Cartography, ed. D. F. R. Paylor (Chichester: John Wiley and Sons,
1980), pp. 39-57.

*?_This returns us to some of the guestions pointed out by R. L. K.
Tripe, Proceedings. Paper JI, 1979.
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together."?® . : ‘ 4

1.2.4 Meeting the Challenge

-

Problems of exchange are increasingly béing met by governmental
bomﬁittees established for the purpose. One of the earliest eiperiﬁents
in Canada was the formation of the Inter-Agency_Spatial Data Transfer
Committee which greh out of the less formal Natiphal Capital Geograﬁhic
Information Proces;ing Group of 1975. This committee, cqmﬁosed of
officials from‘various of the pioneering agencies in geographic
lnformaclon proc9531ng, ie. the Canada Centre for Remote Sensing, the
Geocartographics Group at Statistics Ganada, the Lands Directoragg at
Environmeit Canada, and the Systems and Consulting Group of Agriculture
bgaﬁada} produced a publicatiép entitled "Standard Format for the
~Transfer Bf Geocoded Polygon Data" in 1979.3%* This publication suggested
formats and data structures for the encoding of_tbpological files
representing polygon network'segments,'or chains. Overail Ene proposed
standardizéd férmat attempts to mee¥ the criteria of machine and
language indeﬁendence; expansibility, generality and self—definition
(ie. files should be self defining with respect to spaﬁial and
descriptive dat;; eg.-attribute némeg, map projection, ground p

resolution).

»

23 puane Marble, "Communications of the I.G.U. on Software Exchange,” In
‘Computer Assisted Cartography and Geographic Information Processing:
Hope and Realism, pp. 63-64. Eds. David H. Douglas and-hA. Raymond
Boyle, Ottawa: Canadian Cartographic Association 1982.

Inter—-Agency Spatial Data Transfer Committee, Standard Format for the
Transfer of Geocoded Information in Spatial Data Polygon Files,
Energy, Mines and Resources, Document Code For-spp-0001, (Cttawa,

Dec. 1879).

N\
N
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Similar problems of excﬁangé were recognized iﬁlohtafio where.of
sixty-four geographical reference systems in the Government...“it would
he difficult irf not impossible to transfer data between these systems
without.major modifications to most of tnem,"” Qne objective of the
Committé; on Geograpﬂzzgi Referénciﬂé was to dévélop standards and
specifications which could be incorporated into municipal, provincial
and federal information systems in or&er'to expedite the transfer aﬁd
correlation of gépgrapnically referenced data with one oflthe prime
concerns being the establishment of an accaptable‘grid reference.

The Alberta Government, wishimy to avoid the ch@os of multiple
development of incompatible sys;ems endured Dby eariier entrants to the
.field set up the Land Relatéd Informaﬂion’?rocessing systems (LRIS)
Coordination Project in 1978. This was a committee of six senior
managers frdm the key min;stries that had direct interests in land
related information .Cooke estimated that by 1981 there were twenty-six
operating automated mapping systems within the Government of Alberta
with varying degrees of incompatibility between theﬁ and that the LRIS
Coordination Project was dealing with that with a top down conceptual

appreoach.?*

Similar concerns expreséed by the (Canadian) Task Force on
National Surveys and Mapping (1978) revealed that a basic need at this

time is the design and option of criteria for the storage,

23 Interministerial Committee on Geographical'Referencing, Proceedings
of Seminar on Geographical Referencing, Ontario Ministry of Natural
Resources, Toronto, Sept. 1978, pp. ii and 3.

¢ 1eg J. Cooke, "Coordination of Land Related Information in Alberta,”
In Computer Assisted Cartography and Geographic Information
Processing: Hope and Realism. pp. 55-58, Eds. David H. Douglas and
A. Raymond Boyle. Ottawa: Canadian Cartographic Asscciation 1982.




accessibility and exchange of dlgitel spatial data among federal and’
provincial departments and agencies, utllitles and the prlvate sect;r.
The Task,Force noted that the main thrust in research and development is
being applied to digital mapping and the application of new technology
to national mapping with the most pressing need at present being the
formulation and adoption of standards for the commenication of data.
Five such issues,.centered OE Topographic Survey were identified; L
completion and upgrading of the basic National Topographic Survey

coverage of Canada; 2) relationship between federal and provincial

mapping programs and related activities; 3) relationships with other

federal departments and agencies; 4) relaticnships with industry; and 5)

impact of new technoiogy on topobraphic mapping."1

Of course other countries afe alsc facing the saﬁe
standardizatién issues and problems in similar ways. The ACSM National
Committee for Digital Cartographic Data Standards is a case in point.?*
All of these attempts to solve the data transgeg\ﬁroblem by committees
illustrate the impertanee“bf the subject, and indicate a measure of the

intractability of the problems being faced.

Report of the Task Force on National Surveys and Mapping. & Study
Conducted for the Department of Energy, Mines and Resources, Surveys
and Mapping Branch, Ottawa. Contract No. 0SQ77 - 00013. May, 1978.°

i Harold Moellering, ed., Issues in Digital Cartographic Data
Standards, Report no. 1 (1982), no. 2 (1982), no. 3 (1983), no. 4
{(Jan. 1984), and no. 5 "A Working Bibliography," (Jan. 1984),
National Committee for Digital Cartographic Data Standards, The Ohio
State Univet'sity, Columbus, Ohio.

{ -

~
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i.3 'THE FERTﬁRE CODING PROBLEH - ] i : i}

There are many agpects_£o the‘handliﬁg andltranéfer of spat;ali
data. As noted, this thesis attempts only to provide:some definitive -
ideas o.n._ now'tne feature coding problem might be res_olved and confines
itself to the problemé ggéociated with ther 1) development of a
Classification system;of '‘real-world features' which is accebtable as a
ﬂational standard; 2) the iogical organization and codification of this
inforﬁgtion to facilitate its optimal usage in a user-friendly manner;
and 3) the provision of further research guidelines as to how much of

'what exists' can we reasonably eXxpect to collate and codify.

The digital déscription of a cartographic or geograpnic‘feature'

4

can 'be considered as having two components, a geometric description and
an.gttribpte description. The geometric déscription has beén.éiven
rather more attention. Methods for numerically recording boint§, lines
and sdrfacgs have ﬁeen_geveloped to a nidn degree of saphisticationa
Topoloéigal sfructuring'of data to'répresent networks, graphs, soliqa,:
etc., to enable more efficient searches and manipulations, to comppte
propertie; from the geometry and to generate interesting graphics are

also well represented in the literature. GeometricAdescriptionﬂprqblems

seem to offer more idterest;ng challénges. This may be.because of the
multi-dimensiconal aspects of geohetfic data, but also because wﬁen a
technician or researcher is working with a data-set it often is! of one
kind of feature. It is a filé Sf contours, or a digital elevation model
of temperature, etc., and this fact reduces the importance of its
identificatioh §ince its description will be understood o; may be noted

with the written“description of the file. Of course the importance of
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sélf,deécribing‘data'grows‘when‘one COnside;s mass éxcnénges.amongst‘
governments and betweeﬁ the private and publ;c sectors and the préspects
‘of automatic exchanges between machinery.‘

éroblems of devising self describing codes for objects and their
nen-spatial attributes at first seems straightfofwérd and perhaps rather
ébvious. If road maps are comﬁp;ed’of Subsets from_fifty-seven different
 symbols, simply create a table of fifty-seven items}_numbef ;nem and
include an integer from 1 to 57 with each geometric feature in the
digital file. Sort them alphabetically before numbering them if it is
.expecteﬁ that the 1ist wfil De, examined frequently by:eye. Even the
addition of that 58th feature need not cause excessive concern. Add it
on the end, or assign té it a decimal number to insert it into‘its
proper alphabetical piaqe, or redraft the cédéfatt&chiﬁg a flag to the
data identifying the specific code list to employ. In fact, do not even
use a‘numerical code, but rather let the‘alphabetic words themselves or
' mnemonic short forms act as tﬁe codE. ARll of these solutions are indeed
_ emp;oyed, but it is apparent that even at this level the problem is

losing its trivial innocence. Contrasting with a rocad map series, a

topographic series may have from 1000 to 2000 different types of

features. The mere compilation of the list of things appearing con a

whole series for a country the size of Canada is no trivial task.
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Chapter II

CONCEPTS ABOUT TOPOGRAPHY -

Adequaté and up-to-date-coverage of topographic maps-is a p}imary
rfquirement of a country to permit efficient adminigération and tg aid
in ;ts development.?®?* Furtner,,tng fundamental data needed to tie
~resource-inf0rmation systems togetnéf are found on topographic maps and ©

. . - .

it is these data that providq the common refergnce and fiandation upocn
which all systems must be built to'adequately serve today's resource
managers:?® Ottason and Rystedt also note that the topographic map often
providgs the background for tnemagic ﬁapping of wnicﬁ the aim is to
illu§trate geographical aspects of particular themes or topics andltne
main reasons for introducing computer-aided techniques in small stale
topographic -mapping at the Land Survey in Sweden is because map
consumers need iandscape information not only in the shape of maps but
also in digital form in order to take advantage of electronic data
processing in different planaing and computing activities.3? To further
emphasize its imporpancefit should Ee noted that the topogrébhical map,

generally, provides the foundation or the scurce for the production of

Y Harris, 1980, p. 61. ’ ) .
3% Digital Steering Committee, "Final Report," National Mapping Jr”"ﬂ/lﬁfi

Division, U.S. Geological Survey, January 1980, p. 3.
1l Lafs Ottoson and Bengt Ryste&f, "Camputer-assisted Cartography:
Research and Applications in Sweden," in The Computer in Contemporary.
Cartography, ed. D. F. R. Taylor (Chichester: John Wiley and Sons,
1980), pp. 93-122. .

v
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the foundation for the following types of thematic and special maps and

overlays: navigatiogal charts (such as aeronautical and‘hydrographic
charts); tSWn and estate plans; route maps {such as road, street,
traffic flow and route accessibility maps); atlases; world maps;
pnyéical, geological, aﬁd land use maps; popdlation and political maps:'
maps to depict medical statistics and all the statistics of the
environment which have a geographical connotation; maps for.land‘
‘registration; and maps. for administration and development....at the
large scales, toﬁograpﬁic maps are used for engineering, adminisﬁfation{
and.ownership registration.?? At the smallef scales the basic
topographic information can be relateq to other resource fields such as
spils, geology, hydrology and dempgraphy.’5

As in traditional cartography, the topogfaphic map forms the
basic buiiding block for thematic and special purpose maps. One

contention is that the general purpose topographic feature

classification adopted will have major implications on the level .of

geospatial analysis permitted with the'encoded data in the future. This

contention stems from three facts: L} automated cartpgraphy is not
limited to the automated drafting of maps but extends into the area of
cartographic data services from which a wide variety of graphic -
products, both stored cartographic information as well'aslderived
information, can be produced'(displayeds on demahd; 2) the topographic
map, either directly or after scale and projection changeé, provides the

foundation for many of the published maps used increasingly by the many

32 Harris, 1980, pp. 60-61.

¥3 Digital Steering Committee, 1980, p. 2.
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sciences and professions who demand terrain information;?* and 3) any
feature codiﬁg standard,lif it is done well, may provide the foundation‘
of other systems created for and by specific users, Whétner or noct they
utilize data from a éovgrnmental Survey. This may create oppgrtunities
for transfers from non-governmental agéncies, such as utility-
organizations, to the government for generalization to survey needs.
Linders indicates that the dévelopment of a system for mass
exchanges impliés a taxonomy or classification of information with the
objective of providing a single lpgical system for the storage and
management of all land mass data. The conpeptual framework (modél)
ﬁroposed by Linders suggested that such a systém'must incorporate
detailed information for: 1) feature location; 2) feature taxonomy (the
component elements of the data base mgst be ﬁﬁiéuély classified through
a data dictionary); 3) attribute data'(for further differentiation of
features); 4) relational .data; and 5) representational information (tﬁe
exact depiction of each feature element in terms of its graphic B
components).?* He suggests that features gf the same typg should be
stored as classes within the file system such that one could, for
example, select particular elements of a data base for information
retrieval (eg. NTS, class of feature, specific feature). Rhind adds that

in order to be able to handle all-the possible retrieval questions based

on relationships between different objects in the data base,

14 J. M. Zarzycki, L. J. Harris and J. G. Linders,
"Topographic-Cartographic Data Base and Automated Cartography in
Canada." Proceedings of the Commonwealth Survey Officers Conference,
Ministry of Overseas’ Development, Papgr J2 (1975):1-9.

1% James Linders, "Geo-Referenced Data Bases," Interministerial
Committee on Gecgraphical Referencing, -Proceedings, Ministry of
Natural Resources, Toronto, 1978, pp. 183-214.
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topological, geographic, and attribute directories are all necessary. ¢

2.1 PRINCIPLES FOR & TOPOGRAPHIC DATA BASE

Although the actual digital data base i§ not the product that.
any large Governmentai cartographic agencies are mandated to produce,
the fact that we can utilize digital. topegraphic data for many purposes
and kinds of maps should be re-emphasized. The optimal use of ;ﬁe
resources invested in'tné collection of topographic data would be to
collate digital data (put less emphasis on paper maps) with.tn; broadest

‘concept of spatial data transfer in mind (by implementing an exemplary
standard\ necessary for the maximum amoﬁnt of benefit to be acquired
thfough topographic data collection). Collated digital topographic
data, compatible in many more ways than 15 presently being re;iized {a
user should not have to digitize off a NTS paper map if that map has

been produced from a digital data base), should facilitate the

production of all kinds of maps, be they real or virtual.

2.1.1 Conventional Perspective

From a conventional point of view, much werk has gone into the
study of standards for symbol representation. Komkov noted that a
comparative study of a number of English, American, French, German,
Italian, Russian and other general maps shows that the classificgtion of
the symbois for the reprééentation of the main details of landscape,

relief, water features, forests, populated places,.roads and boundaries

t

3* David W. Rhind, "Towards Universal, Intelligent and Usable Automated
Cartographic Systems,” ITC Journal 3 (1976):515-545. -
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coincide on many points.?*? This compatibility‘between maps of various
countries has inﬂlarge part been facilitated by adoption of standards
such as the Greenﬁich.prime meridian;'thé'metric system, geadetic
dapums,-p:ojection system, scales, feature classification, methods of
feature representation and proposals for staﬂdards {such as the
specifications for topographic mapping; recommended for international
use propé%ed by the Institut geographicque national de France at the
second U.N. regional cartographic confereﬁce for Asia and the far .
east).** Also, because the rules relating geographical concepts and ma§
signs are Sést understood in topographic maﬁping, stan@ardization has '

_progressed further and is more acceptable in topographic cartography.?’
Further, topograbhic maps are especially fit for international
standardizétion because the dniversal principle of tne.topcgraphic map

as representative of the exact localization and the correct delimitation

of areal subjects is accepted.*®

Anatolij M. Komkov, "The International Language of Geographical
Maps,”™ International Yearbook of Cartography 11 (1871):209-215.

1% Komkov, 1971, p. 210.

1 Christopher Board, "Cartographic Communication and Standardizatfbn,“
International Yearbook of Cartegraphy 13 (1973):229-236. :

‘® Erik Arnberger and H. Ing, "Problems of an Internaticnal
Standardization of a Means of Communication through Cartographic
Symbols," International Yearbook of Cartography 14 (1974):22.

1
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2.1.2 Digital Topogrépnic Mapping
Two contentions of tnis_research are that: 1) the progressive
develophehﬁ of automated ;artoéraphy requires that Topograpni; Mapping
Depaftments record the finest elements of information technically
feasible in a format that is readily transferable, retrievable and
usable; and 2) "“only if the best sides of the nationai.cartogqaphy of
indivigual countries, concerning the fields of general gepgraphic
{(topographic), special énd thematic mapping, are thoroughly studied,
‘general;zéd and borrowed Qili cartographic standgrdization prove a
success."4? It'shoﬁld also be re-emphasized that "geographical or
cartographic data colleétiéh is ofgen S0 expensive that it is
justifiable only where multiple uses are possible, irrespective of
‘whethér the data are used to produce graphics or non-graphic answérs.““
Furthermore, "in the ﬁraditional concépt, the original graphic
manuscript and the reproductién materials derived f;om it .are the media
containing the accuracy of terrain data. In the digital era, however,
the accuraéy is contained in the digital topogrgéhical data,... the
degree ©f their usefulness depending, to a large extent on the

-

sophistication of the data and file structure."*?

*l Komkov, pp. 210-213. Although Komkov's research largely discusses
attempts at standardization in the conventional sense, a valid
scientific principle is expressed despite the change in technology.

*? Zarzycki, Harris and Linders, 1875, quoted in Rhind, 1976, pp.
515~516.

41 J. M. Zarzycki. "An Integrated Digital Mapping System,'" The Canadian
Surveyor 32, no. 4 (Dec. 1978):443-453.

w
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- The need for the exchange of Qigital data between various -
governmental, private and public org;nizations will'cantinue to increase
as‘aore-and more of these agencies utilize tne.compntér in thelr
éveryday operations. A Nat;onal Feature c1assificétion S£andard should
facilitate and act as a framewocrk on which-the fe;£ures and the
forefront of researcﬁ available from-the Stner disciplines in digitél
form can be ingegrated {documentation should-aiso.be supplied that
explicitiy states the limitatibns imposed on the classification which
could effect its utility in futu;e use). Linders suggests that a model
"classification ﬁust be systematic (orderly), hierarchial (reflect the
natural asscciation between eiements), consistent (without ambiquity),
flexible (able to add), efficient (convey a maximum amount of
information with a minimum amount of coding), and readily amenable to i
computer processing."*‘ Regarding efficiencies in the actual coding, we
: muét be concerned with real, and not false éfficienciés. Aﬂother byte is
a small pricé to ﬁay for just:one more advantage, but if it meﬁns'that'
to conserve that byte we must abandon a logical system, that effort is
utterlylpointleSS. Most importantly, "the ganqers inherent in a
precipitate approach to a digital system cannot be over-emphasized, and
this is particularly true under the constraint of a general purpose

fational system."?S

44 rinders, 1978, p. 197.

45 7. F. Bell, "The Development of the Ordnance Surﬁéy 1:25,000 Scale
Derived Digital Map," Cartographic Journal 15, no. 1 {June
1978):7-13.
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2.2 THE TOPOGRAPHIC MAP

The information in a topographic map contains the answer‘te two
gquestions: where (location) and what (all:other information about
features).** Throﬁgh.the integration-of‘tecnnolbgy with cartograpﬁic
science, the topographic map, its aetail of presentation, and its 1ével
of cartographic craftsmanship has achieved high standardé of excellence.
There has been some guestion héwever concerning the information conteht,
énd some_have noted that this factor, in specific situations, has
reduced the subsequent utllity of the topographic map in its
conventionallrepresentation. Keates observes that, for topégrapnic maps,
diQisions at gfound level Proviae the most evident features, in ‘
particular_tne obstacles to movement and the positions of recognizaple
entities. Hg makes the point however, that far from being é picture of
. the earth, the map is a highly abstracted selection, and if the user ié
not aware of the implications of this he is likely to fail to deduct
correctly the.information presented, or be vaguely dissatisfied because
he is expecting the map to present oéher information.*? Developments in
remoﬁé sensiﬁg tecﬁnology have led otne;s to comment that in parts of
the world with dramatic seasonal differences, espéciaily in areas with a
\

minimum amount of man-made landscape, it is very often pointless to use

a conventional topographic map which invariably describes terrain in its

14 John 8. Keates, "Symbols and Meaning in Topographic Maps,”
International Yearbook of Cartography 12 (1972):168-181. This also
_raises the question of when? Several authors have expressed concern
‘about the timeliness of data. For a discussion of, see for example:

B. Wellar, ed., Proceedings, Automated Cartography: Intefnational
Perspectives on Achievements and Chailenges, Steering Committee for
the Sixth International Symposium on Automated Cartography, 2 vols., -
Ottawa, 1983. '

4+? Keates, p. 169.
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summer appearance.*? . S 3

2-2.1 Historical Perspective

In accord with the original meaning of the word'ﬁtopograpny', we
should be attempting to portréy on the topographic map, those visible
naturgl'and manmade'geograpnic (topographic) features wh;ch ére defined
or can be refefred to the earth's surface. Some literature suggests
howéveryéhat the word topography, as with much scientific terminology,
has been subject to misuse and 1mpropef applicatioﬁ. Misuse of any
concept leads to misundérstanding and it is for this reason that part of
this section treats and elabbrates on the definitiocn of the topogréﬁnic
concebt.

Early work by Campbell and James states that the common misuse of
the word 'topograpny' to refer only to surface features-such as relief,
landform, and terrain has made the recapture of the original meaning
difficult.*’ In fact Campbell noted that at least 90 % of the persons
using the term topography, did so incorrecﬁly.’" The exteng of this
misuse was great enough that it stimulated much discussiﬁn concerning

the need for a new word to conserve and portray the original meaning of

the word topography.®! These discussions led to one suggestion that the

48 5. J. Klawe, "B Survey of Canadian Topogﬁapnic Map Users,"

Proceedlngs, American Congress on Surveylng and Mapping Fall
Convention (1973):153.

Maurice R. Campbell, "Geographic Terminology," Annals of the
Association of Bmerican Geographers 18, no. 1 (Mar. 1928):37; and
Preston E. James, "The Blackstone'ValleY," annals of the Association
of American Geographers 19, no. 2 (June 1929) :88;

59 Campbell, 1928, p. 37. ' —

51 preston E. James, "The Terminology of Regional Descriptiocn, Annals
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tdéographic map, in association with the.original meaning of the word |
topography, refer to a map of relativé;y large s&ale which permits the
Plotting of the sméllestrrelevant.area units of human occupance: such
units as soil types, individual fields on a farm; individual blearings
in a forest; or in urban stuéies, the componeﬁts of the commefcial
‘core.”rghe use of the adjectiye popograpﬁy, as citeé by James and
Sones; go describe "thdse studies carried out on scales large enough to
permit the mapping of the specific features of human bccupance" differs
greatly from a strictly nypsometric conceptualization of.topogrAPnic

features.?®? N

In his comparison of severai European topographic maps Piket
suggested thaﬁ a topographic daﬁa classification should be designed and
produced on a landscape and internationai basis, fatheﬁ than by
individual country or a ' national basis.;‘ The difficulties in coming to
an agreement about whgt the contents of topographic maps ought to be is

an old issue, but one whith merits extensive attention as more and more

large scale cartographic data are collated for machine processing.

~—

of the Asscciation of American Geographers 24, no. 2 (March
1934):78-92. ‘

32 James (1934):78-92; idem, "On the Treatment of Surface Features in

Regional Studies," Annals of the American Association of Geographers
27, no. 1 (Mar. 1937):213-228; idem, "Towards A4 Further Understanding
of the Regional Concept," Annals of the Association of American
Geographer 42, no. 3 (Sept. 1952):195-222; idem, "On the Origin and
Persistence of Error in Geography," Annals of the American
Association of Geographers 57, no. 1 (Mar. 1967) :6-8.

Preston E..James and Clarence F. Jones, eds., BAmerican Gecgraphy,
Inventory and Prospect, Published for the Association of Bmerican
Geographers (Syracuse:Syracuse University Press, 1954).

J. J. C. Piket,_"Five European Topoérapnic Maps: A Contribution to
the Classification of Topographic Maps and Their Relation to Other
Map Types," Geografisch Tijdschrift 6, no. 3 (1972):270.
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2.2.2 Conventional Definitions S
. . ! .
The root of the term topography is the Greek word "“topos", T

meaning place.‘Literallf-then, any map representing place is a

topographic map.%* As defined in the Oxford English Dictionary

‘topography refers to the sciénce or practice of describing.a particular

place, city, town, manor, parish, or tract of land; the accurate and
detailed delineation and de;cription of any ;ocaligy.“ Similarly.\\;
topography 1ls defined in Websters D;ctionary as the description of a

$

particular place (as a city, town, manor, parish, or tract of land); and

‘the art or practice of graphic delineation in detail usually on maps or

charts of selected natural and man-made features of a place or region
especially in a way to show tneip relative_positions and elevations.??
There are ﬁany kinds of maps and cone way of classiffing them, as
in topographic maps, is on the basis of écale. As defined by the
International Cartographic Assoclation a topographic map is "“a map whose
principa} purpose'is to portray and identify the featureg.of the eartﬁ's
surface as faithfully as possible within the 1imitationélimposed by

scale."®** Harris suggests that in some usages, the 'topographic map' -has

5% Campbell (1928):37. Piket (1972) notes that ‘the “"term topography
comes from the Greek geographers, who used the term to describe areas
of limited extent, placing it at the same level {ie. next to) as the
term chorography (the description of regions), and next to geography
{the description of vast areas and of the entire earth}." '

The Oxford English Dictionary, (Oxford; At the Clarendon Press; 1961)
vol, XI, p. 154.

o

7 P, B. Gove et. al., Websters Third New International Dictionary of

the English Language Unabridged, (G. + C. Merriam Co. Phillipines,
1971), p. 2411. Also defined under topography in Websters Dictionary
is: "the physical or natural featuUres of an object or entity and
their structural relationships < statistics which reveal the economic
topography of our time - R. D. Mack >." .
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conveniently been used to refer to certain scales of maps, say, between

‘the scales of 1:10,000 and 1:250,000, the scales larger being called the

‘

engineering and cadastral scales and the scales smaller being called the

base maps for thematic maps. In the practice of applying computer

' technology to cértography, he suggests that a topographical map should

be taken to hean a cartographic description of a place or environment in

terms of the visible features to the extent that the scale of the map

-

permits. ®?

2.3 THE CANADIAN TOPOGRAPHIC MAP

A prerequisite in the analysis and evaluation of the proposed1

-CCSM topographic feature classification involves a good understanding of

the tbpographic map, its design process, uses, and specifications.

Further, in designing any classification system one must, at the outset,

delineate not only the present users, requirements and objectives but

the future potential ones also.

"The Topographical Survey Directorate of the Surveys and Mapping
Branch of the Department of Eﬁérgy, Mines and Resources is the
Y
o nization responsible for' national mapping in accordance with terms
of the Resources and Technical Surveys Act, 1966-67, c.R-7, R.S.C. as
amended by the Government Organization Act, 1970, c.l4 (2nd Supp.), s.

9, R.5.C., and as implemented by the EMR Earth Sciences Services

Program." The objective of a topographical service activity is to

International Cartographic Associaticn, Multilingqual Dictionary of
Technical Terms in Cartography, (Wiesbaden, W. Germany.: Franz
Steiner, 1973) p. 278.

48

s? Harris, 1980, p. 60.



"ensure :the availability of information concerning the topogrépﬂ&bal

‘standards." These- responsibilities include new topeographical mapping,
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featureg of the Canadian landmass and their representation to defined

-

map revision, and maintenance of both the aerial survey data bank and

thg‘natibnal topographic data bank (to ensure the availability of
topographic déta ip-digital form).*°

Aside from the former objective, about 5% of Topogfaphic Sﬁrvey's
resources are accounted for by providing ‘technical mappiné support, not
directly related to N?S‘mapping,' to: 1) other governmental departments

and- agencies (such as the Department of Public Works, Department of

Indian and Northern Affairs, National Capital Commission, and the

Canadian International Development Agency); and 2) to ensure adherence
to standards of all aerial photography taken for the Federal Government.
The Canadiarn International Development Agency (CIDA) is citeﬁ‘as being

the agency which derives the major amount of support service and a small

' .sub-unit. in Topographic Survey has beeﬁ formed for this purpose alone.*?

1. 'l“q

2.3.1 NTS Involvement in CIDA Work

Topographic Survey involvement in CIDA work has been in progress
since tne:late 1950“5, and has involved approximately 20-25 projects
totalling over $24 million worth of mapping,-mostiy at the 1:50,000
scale in-suchwcountries as Nigeria, Tanzania, Ghanaf Kenya, Gﬁyana,
Trinidad and other Caribbean countr}es. "Approximately half of‘the

amount accounts for projects still in progress (as of the late 1870's),

¢° Report of the Task Force, May, 1978. p. 38.

‘! idem, 1978, pp. 44, 59 and 73.
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and the demand for support is expected to continue fbr_séveral years.
Th;}individual p;oject sizes are becoming larger, for example: the
impendinq;work in Indonesia could run to $15 million for the data base
alone, and another $14 million if map compilation and dréfting is
added.™ In 1981-82, for examp;e, technical advice and inspection

services were'provided on Surveying and Mapping projects under the
auspices of CIDA in Nigeria, ?anzania, Indenesia, Zimbabwe and the
Barbados.*? Although only accounting for a small percentage of their
resources, the transfer of high technology to the third world is
imporpantc Amongsﬁ other areas of transfer, the clear and logical
design of a general purpose topographic feature classification for thé
handling and transfer of digital spatial data is'required'if it is to be
capable, both at gFesent and in the future, of practical application, or
at least to serve .as a model, for the develdbing countries.

T

2.3.2 NTS Work in Canada

In Canada the three basic NTS scales are the 1:250,000 series,
the 1:50,000 series andithe 1:25,000 series. The 1:25,000 scale series .
have sipce been suspended and no maps at this scale were published in
1981-1982.¢% In addition to these series are produced topcgraphical maps
at the scales of 1:125,000, 1:500,000 and 1:1,000,000. The 1:500,000 and
1:1,000,000 are produced largely as base maps for éeronautical charts,

the latter being produced as paft of a world-wide project supervised by

¢2 Tasgk Force Reporzgxg. 73; and Energy, Mines and Resources Canada,
nSurveys and Mappifly 1981-82," Minister of Supply and Services
Ottawa, 1982, p. 5. B

¢3 Report of the Task Force, pp. 40-41; and "Surveys and Mapping
1981-1882." p. C 3.
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the United Nations.**

2.3.3 Data Collation and Feature Representation

Although the technolo assocliated with topographic map

_construction is be increasingly more sophisticated*® the
'underlying principlesjof data collation, based on aerial photégraphy of °

the area to be represented, the photogrammetric measurement and drawing ,

of the map detail ba%z\ on the air photoé and'the intégration of
additional informati?g‘by field survey, with the exception of the amount
of 1nf6rmation which céuld.be collected for a digital data basef€¥emains
fundamentally the same. In suﬁglying this additional infbrﬁétion, the
field surveyor: 1) determine§ the exact geographical locatioﬁ and neighﬁ
above sea level of a network of features clearly defined on the
airphotos; 2) classifiés-the road and track surfaces and locates
schools, churches and other buildings that are shown on the map by

special symbols; and 3} checks the names of places and features and

completes any detail that can hot be determined from the airphoto.‘®

¢+ ¥lawe, p. l48; and L. M. Sebert, Every Square Inch:_The Story of
Canadian Topographic Mapping, Surveys and Mapping, Energy, Mines and
Resources Canada (Ottawa: Information Canada, 1970)., reprinted 1972,
25 ppP. '

¢% Concerning these changes, the interested reader may wish to consult

J. G. Gibbons, "Digital Techniques for 1:50,000 Scale Mapping and
Revision," The Photogrammetric Record 10, no. 60 (Oct. 1982), pp-
645-652; Mossad M. BAllam, "Digital Mapping in a Distributed System
Environment," American Congress on Surveying and Mapping,
Proceedings, Auto~Carto V, International Symposium on
Computer—-Assisted Cartography, August 22-28, 1982. Crystal City,
Virginia, pp. 13-22; J. M. Zarzyckl, "Status and Future of
Computer-Assisted Mapping in the NTS Program," National Advisory
Committee on Control Surveys and Mapping, Proceedings of the
Conference on the State and Utility of Computer-Assisted Map and
Cchart Production," Nov. 1981, Ottawa, pp. 101-129; or Zarzycki, 1978.
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TABLE 1

A Classification of Features on Canada's Topographlic Maps

Main
Division Examples of Features Included in Bach Division

%

Culture cities, villages; buildings, railways, highways,
land boundaries.”

Water sea, lakes, rivers, streams, ponds, marshes,
swamps, glaciers, snowfields.
A

Relief mountains, hills, valleys, cliffs, sleopes, depths.

Vegetation wood areas,'orcnards, vineyards, cleared areas.

SOURCE: Adapted from Sebert, 1972, p. 1.

Table 1 provides several examples of features found on Canada's
topegraphic maps and shows how these may be classified into four main
divisions. On the 1:50,000 Canadian topographic map series approximately
664 features have been identified by committee no. 1 on NationalADigital
Mapping Standards (1982). In attempting Eo establish a classification ;
system that was inclusive for all possible topographic features, they
apprdacned vérious external agenqies such as the Naticnal Capital
Commission (NCC), Environment Canada, provinciai agencies and utilities
apd compiled approximately 1558 feature-attribute combinations for -the

classification.*’ ' (

v
]

¢¢ Sebert, Every Square Inch, 1972, p. 1.

¢7 CccSM, Standards, Report of Committee I, April, 1982.

_/- N
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2.3.4 The UTM Grid

Ope,éf the-mostlimportant attributes of the topographic map is

¥ . . ‘ ,
the use of choice projections, typically orthomorphic tconformal)."
Canada has adopted the six degree Univérsal Transverse Hefcator (6
degree UTM) projection for its. topographic maps.*? Its adoption was not
a straightforward process however for in the 1960's, the Federal .*-
Government (ie. Surveys and Mapping) were considering a system based oﬁ
the Transverse Mercator Projection modified Eo a“tnree-degree zone (3
degree MTM). This system was also considéred b§ the provinces and while
some adopted it, others {and the.Federal Government) did not. In the
case of Ontario, a concensus of government departments was reached and
in 1969, the Surveys Act was amended to:provide for systems of
3 ’ .

coordinate surveys according to the parameters and chéracteristics of

the 3 degree MTM. In 18972 however the actual implementation of the 3

degree MTM was turned down.’® An interesting point 1s the fact that

¢4 The UTM projection is a conformal projection. The true shape of the
features represented within any small area of -the map is thus
maintained and within a given area the scale of the map is constant
in all directions.

‘Y yhen the globe is divided into 60 zones each being 6 degrees
longitude 16 .out of 60 zones bearing numbers 7-22 cover Canada. Each
zone is 100,000 metres in width divided equally by the central
meridian. The East boundary (in Canada only) is O metres; the west
boundary 100,000 metres. Each zone {divided by herizontal and
vertical grid lines) is sectioned into basic mapsheets. The
horizontal grid lines are associated with the distance from the

. equator, the southern most part of Canada being almost 4,620
kilometres from the equator. ‘

79 ontario Ministry of Natural Resources, The Ontario Gecgraphical
’ Referencihg Grid (The UTM.Grid System), Surveys and Mapping Branch,
Geographical Referencing Section, May 1981, p. 21. It is worthy to
mention that following the recommendation of the larger government
bodies on the adoption of a proposed standard (in this case the MTM
projection system), some municipalities (such as the ecity of Toronto,
or the Natienal Capital Commission) adopted and developed thelr
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several municipalities are achieving an increasingly sophisticated urban
digital mapping system.?!

2.3.5 Concepts of Scale ?

The term parent or base scale is used to describe the iafgest
scale of topographic map ;éﬁhired to depict the environment adequately.
These parenthcales frequeﬁtly vary between countries. For example in
Britain the parent .scale for national tbpogfaphic mapping is 1:1250 for
the urban environment, i:2500 for the rurél environment and 1:10,000 for
the wilderneés areas; in the U;ited States, 1:24,000 and in Australia
1:100,900." In Canada, the current federal program aims to provide
national parent scale coverage at the 1:50,000 scale; The major thrust
of Topographic Survey has thus been directed towards the complétion'of
the 1:50,000 scale series topd;raphic maps, revision of existiné maps,
with new mapping priorities being di;ectiy related to specific
developments such as pipelines, roads, and.transnmission lines. In 1975

approximately 6,575 sheets of the 1:50,000 topographic series had been.

system usihg the 3 degree MTM (a standard which is now obsolete).
! For instance, Vancouver, Burnaby, Calgary, Edmonton and Toronto. For
discussion of information technology in Canadian cities, see for
example: Barry S. Wellar (Editor}, Prospects for Planning: Coming to
Grips with New Realities, (Qttawa, Canada: Canadian Institute of
Planners), 1982. Further, the annual (1963-1984) Proceedings of the
Urban and Regional Information Systems Association (URISA) provide a
fairly comprehensive overview of related developments in urban
digital mapping systems. References specifically relating to Canadian
contributions can be found in K. Lauder and L. Lavallee, A Canadian
Biblicgraphy of Urban and Regional Information System Activity,
Ministry of State for Urban Affairs, Ottawa, 1976.

7? It's interesting to note that NATO military require 1:50,000 scale

maps and the United Kingdom Ordnance Survey is hard pressed, and is
working feverishly to produce them from the digital data bases at the
scales noted above. '
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1

compiled. When coméleted, the 1:50,000 series Qillinave 13,150 sheets of
]

which exactly 9,000 had been compiled as of March 31, 1982.7°

From this basic scale coverage the regional Ef local family of
topographical map series can be derived in a decreasing order of smaller
scales. Where the_provincial and major municipal goﬁernments undertake
larger écale mappiné (where the requirements justify and resourcés
permit), these new lérger scales will become the parent scales.’* The
important point to observe is thgt unless a coordinated approach is
taken to the federal, provincial and muﬂicipal programs, serious
diseconomies will be encountered and the potential benefits of
automation will hardly be realized.’*® The adoption of a flexible,
inclusive, and open-ended topographic. feature ciassification'for the
exchange of spatial data is a fundamental prerequisite of suéh a
coordinated approach in the digital era. *

H -

2.3.6 Uses, Cellation and Exchange of NTS Data’

Table 2 provides an indication of some specific users of the

Canadian topographic map series at the 1:50,000 scale. Many of these

users are utilizing digital technology and the implications of their

needs in the future should be borne in mind as one designs a national
. ’ - ! .
topographic feature classification standard. Recent research is alsc

73 Zarzycki, Harris and Linders, 1975; Norman L. Nicholson and L. M.
Sebert, The Maps of Canada, Great Britain.: Mackays of Chatham. 1981.
p. 48; and "Surveys and Mapping 1981-1982," p. 4.

"4 Harris 1980, p. ‘Bl.

’® Work in the United Kingdom contrasts in this case. The contrast is a
legislative union versus a Federal country. In the United Kingdom all
mapping is done by the Ordnance Survey.
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strongly indicative of the fact that the optimal use of national
resources requires that Survey and Mapping Departments supply digital
data to the user in their true gepmetric form regardless of paper

graphic production mandates. In fact, the great utility of the data

supplied by Topographic survey is their ‘locational accuracy and the

foundation this provides for many phases of digital mapping.

37

TABLE 2

Some Specific Uses: the 1:50,000 Topographic Map Series

L}

-

military operations . ‘ engineering

total planning of large areas
supply of natural engineering materilals

education administration

resource exploration and development energy corridor planning’
recreation . trade and commerce

base maps for thematic map series communications

revision of smaller scale maps geographical studies
rural real estate : land planning

scientific studies pollution control

SOURCE: Task Force Report on National Surveys and Mapping, 1978.

As a general rule in the exchange of digital data the data as
collébted shoﬁld represent the real world as accurately as possible.
Graphically edited digital data to fit a specific cartographic product
or use of a product may make the dapa virtually valueless for other

applications and may result in a complete recollecq}on." Fortunately .

74 yitek cites this example: "In collecting road data on two parallel

roads the operator may recocgnize that when symbolized the roads will

-
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Topographic Survey has decided to sﬁpply ‘positionally accurate' data to

users. This is a good approach,,sihilar to the model followed in the

r

Unitﬁd Kingdom,'where for example, digital data are supplied andlsold by

: /
the Ordnance ‘Survey in their geometrically correct form.
*

A criticism launched by the (Canadian) Task Force on National
Surveys and Mapping however was tnat_Tébogfaphic Survey held the view

that their mandate as defined in the legislation appears only to cover

the mépping needs for resource development. Aftegghearing from over 200

agencigs, the Task Force were "overwhelmed by tﬁe bread range and
inteése interest of users which extend far beyond the confines of
resource development‘as shown by the specific uses listed in Table 2."
In fact, éhe Task Force disagreed with Topographic Survey's

interpretation, and contended that under the Government Organization

4 -

Act, 1970, c.l4 (2nd Suppl.) s. 9, where “"technical surveys" are defined

as gedlogical, topographical, hydrographic, oceanographic and

meteorological surveys, there is no intdimation of such a restriction.”’?

The point to realized is that an optimal operational general purpose

overlap and therefore moves the road before digitizing. The data fits
the product but they nc longer represent the real world. One solution
is to digitize the road twice, once for general use and a second time

as offset for a specific product use. As software becomes available
to make post collection corrections interactively, the need for the
second digitization would not bhe required. This problem also occurs
where the data are collected showing correct positions, however in
later steps, in.checking overlays of data, such as the symbolized
roads and building, the building locations are moved because oﬁ

symbol overlaps. The final product data base is valid for the preoduct

put not for general use. In this case the original data which shows

the correct position must be saved for exchange purposes." Richard L.

Vitek, "Data Base Requirements For Geographic Mapping,™ Data Base

~Techniques for Pictorial Applications, Lecture Notes in Computer
Science, vol. 81, edited by A. Blaser, Sbringer—Verlag Berlin
Heidelberg 1980, pp. 1-25. : .

77 Report of the Task Force, May, 1978.
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topographic feature classifigation standard mandates holistic and‘souhd.

system design {(a clear picture of potential uses}), eiperimentation (to

" avoid. difficulties which may be encountered in the future) and

. implementation.

hato 1Y



Chapter III

TAXONOMY AND CLASSIFICATION

One of the first realizations-g this research, in attempting to
achieve-a theorough and consistent investfgation of the topographic
féaturE‘coding problem is that it requires an extensiveland far-réacning
background, and one of the first steps required would be ;n ekercise an
the subject of taxonomy and classification.

Through the illustration of classification ﬁrinciples, one
transends various realms of knowledge. Doiby for example distihguishes
between classification of the sciences, the 1ogico-mathematicél theory
of classification, the classification of the objects of study within a
particular séience (for example, as in the biological classification of
living organisms); and also between the philosophical tradiiions of the
scienceg from related practical classifications intended for particular
purposes (such as library science).’*

Taxonomy bésicall&ldeqls with the classification of all living
things according to observed natural, or hypothetical, relationships, or
both. The idea of taxonomy was first made exp}icit in the history of

“Western thought by Aristotle in his ORGANON and METAPHYSICS.'? The

7* R. G. A. Dolby, "Classification of the Sciences - The Nineteenth
Century Tradition." In Classifications in Their Social Context,
"edited by Roy F. Ellen and. David Reason. London: Academic Press Inc.,
1879. pp. 167-193.

Roy F. Ellen, "Introductory Essay," In Classifications in Their
Social Context, edited by Roy F. Ellen and David Reason, London:
Bcademic Press Inc., 1979, pp. 1-32.

- 40 -
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L .
ruling principle is that the highest genus is divided'py means of
differentiae into subaltern genera, and each of these.ls then divided
_and subdivided until the ultimate species is reached. This principle
has been handed down through the Stoics, Porphyry and the Greek

commentators to Linnaeus, from whom it passed into modern biological

usage.?*® -
.Somé of the leading taxonomists such as John Ray (1627-1705) who

followed the Aristotelian method-of classification based-nis systems of

‘ classification on all the structural characteristics (as opposed to

- .
single features) of the observed phenomena.*! Carolus Linnaeus
{1707-1778), usually regérded as the father of modern taxonomy.,
attemptedv¥a natural classification by initiating a standard nierarchf of
class, order, genus, and speciles. Utilizing the principles of the
Linnaean approach, the taxonomist first recognizes natural groups and
then‘decides on the rank that should be assigned them. The Linnaeﬁn
sysﬁem was the‘first'to use binomial nomenclature consistently, provided
rules fér_assigning naﬁes to plants and animals, and also provided
workable keys that made it possiblé*to identify plants and aniﬁals."
One approach to modern biological classif;cafion is to identify or

recognize taxa through the utilization of standardized keys and to

assign these taxa to a particular rank or natural grouping. The

. .
20 a, L. Peck, "Introduction," Aristotle: Historia Animalium,

(translated by A. L. Peck). vol. I, London.: Heinemann Ltd., (1963,
pp- v-viii. :

t1 ppncylclopedia Britannica, 15th ed., s.v. "Ray, Jchn," by Richard S.
Westfall. ) : -

*: pneyclopedia Britannica, 15th ed., s.v. "Classification Biological:
The Linnaean System,"™ by A. J. Cain.
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‘morphological basis of such classifications :distinquishes between

closely related species of plants_and'animals on féature differences
such as ceolour, size, proportiop, presence or absence of cellular
differentiation, anatomy etc.'? '

Grigy observes that classifiéation, defined as the g;ouping of
objects (elements) into classes (sets) on the basis of common propertieé

or relations, is a necessary preliminary in most sciences, and it is

often argued that the state of classification is a measure szﬁhe

——

—

maturity of a science. 8ince the time of Aristotle philosépners have
discussed the logical procedures designed to prevent interﬂal
incbnsistencies from arising within a classification scheme.®**
Armand notes that Aristotle, the founder of scientific logic, and '
other great thinkers such as Avicenna, Bacon, Descartes, von Leibnitz,
and Lomonosov, saw in logic a means for‘uncovering and pgoving the
truth. Although classifications can be built on various principles
(morpholeogic, generic, temporal, spatigl, quantitative, etc.) all must
follow certain general and unalterable iaws of logic: 1) the sum of
classes must be equal to the scope of the classified generic éoncept; 2)

only one classificatory criterion . should be used within any one level of

classification; and 3) a classification must not skip logical levels.*'®

'3 pnecyclopedia Britannica, 15th ed., s.v. "NHorphology," by Claude A.
Viliee. '

David Grigg, "The Logic of Regicnal Systems," Annals, Association of .
american Geographers 55, 3 (Sept. 1965):465-491. Most textbaooks of
logic discuss the principles of classification and division. A
'classic' introduction to the subject can be found in W. Stanley
Jevons, "Classification," in The Principles of Science, (New York:
Macmillan, 1S05), pp. 673-734.

5 n, L. Armand, "The Logic of Geographic Classifications and

Regionalization Schemes," Soviet Geography 6 no. 9 (Nov. 1965):21.




:Lee defines classif%cation as a fundamental method of science

-

which seeks to introduce Simplicity and order formulating a scheme of

mutually exclusive'énd_collectively exhaustive categories based on:the
important characterispics of the'things cencerned ;nd on £hé actual
relatiohs between them.*¢ Lee's definition corresponds closely with the
logico-mathematical theory of classifiqation, which in turn coincideg
with what, in tneamathematical_theory of sets, is célled a partitionL "a
division of a set of bbjgpts Into subsets is a baftition if and only‘if:
1) no two subsets have any elements in common; and 2) ail of the sets
together contain all of the members of the partitidhed set.""*)

3.1 NOTATIONAL FLEXIBILITY AND FORMAL GRAMMARS

. . > L3 1
! ‘To the rules that a successful classifiZation must be mutually

exclusive and coliectively exnaustiég, Wynar adds that the flexibility
of the nﬁtation is of first impo:pance if the classification scheme is
to be current. The classification scheme must also employ terminology
that is clear and descriptive, witn consistent meaning for both the user
and classifier. Although‘most-traditional classification schemeé are
based on a légical division of the universe of knowledge, by contrast,
compuger—baséd classification systems are empirical and descriptive,
at£empting to develop thesauri with but one fhing in coﬁmon: a set of

descriptors well suited to manipulation.®*® )

L. P Lee, "The Nomenclature and Classification of Map Pro:ectlons "
‘Empire Survey Review 7, no. 51 (1944):190.

7

Encyclopedia Britannica, 15th ed., s.v. "Classification Theory," by
Stephan Korner. ‘

-~

B. 5. Wynar, Introduction to Cataloging and Classification, 6th 2d.,
Littleton, Colorado.: Librairies Unlimited, 1980, pp. 400-402.
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+  One systém which iﬁtegrdgés both iogical qonSistenéy and
notational flexibility was proposed by Ranganatﬁaﬁ." His wo
énalytico-synthetic scneﬁe aims at. analyzing the subject maﬁier_into'
constituent eleme#és (facets), and extends the'traditioné; rules of
logical division in that categories are'free.to-combine with each other.
FiQe fundamental cnaractéristics (féceté) are fecognized: PERSONALITY
. (3) MATTER (;) ENERGY¥ (:) SPACE (.) and TIME (f). "rne symbol in brackets
rﬁ(facet'indicatof) ié used to different;ate.which characteristic is being
referehced. A seri?s of tables, classified according to the rules of
logical division is associated with each. facet (d;gension), andg the
extension of .the coibn system to any subieét matter (basic,class) forms
the basis of 'facet—analysis"tneory.’° Thé‘system is based on a
seemingly simple principle: 1}st facets and combine them, foll?wing the
‘identification of a basic class, or subﬁect matter, in the order
(P-M-E-S-T) . Repeat of a facet indicator identifies that a seconanlevel
(cnafagteristic) of this facet (dimension) is repeated.

Used in_tpe context of geographicgl mapping Buycﬁguens et. al.
state that it is aépropriate to use information retrieval ianguages of
thelfacet—classification - and-de§cript6r type, largely because Ehese

languages reflect logical and semantic correlation in characterizing

data.’*® Their factoral subsystem, in progress since 1975, regquires a

#* S. R. Ranganathan, Colon Cla551f1catlon, Stn ed., London, Asia

Publishing House N1960.

Description, principles, and procedures of the faceted classification
can be found in B. C. Vickery, Faceted Classification (a guide to
construction and use of special schemes prepared for the )
Classification Research Group), London, Aslib, 1960; and B. C.
Vickery, Classification and Indexing in Science, 3rd ed., London:
Butterworth, 1975. h
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rich and flexible information retrieval language presented in thesauri.

In theif thesaurus, semantic characteristics of features are givén as

Y

pairs, consisting of a characteristic (property) and an associated

value. The authors pention that set theory and predicate loéic are used

" to compile the formulae of retrieval pﬁééCriptions and elementary

information about the feature and its characteristics. ‘They further

—_—_— .

state that the most important result of their research is the proﬁision,—aﬂs\

I
.

of complete, accurate and uniform cartodraphic information.

i

3.2 PRINCIPLES OF LOGICAL DIVISION AND CLASSIFICATION

Realizing the importance of logical and consistent classification

.o 3

criteria, ten principles that should be taken into consideration when
-designingra classification system, as proposed by Grigg are cited below:
1. classifications should bhe designed for a specific purpose;

2. objects which differ. in kind will not eaSily fit into the same
classification;

3. classifications must be changed as more fnowledge is'éained about
;he objects under study;

4. the differentiating characteristics should be properties of the
objects classed;

5. in logical division the division should be exhaustive;

6. 1in logical division and claSSLfication the species or classes
.should exclude each other;

1

7. 1in division, the divisiocn should proceed as far as possible upon
one principle;

-
.

't L. M. Buychguens, A. X. Komkov, and V. M. Lozinova, "On Integrated
Automated and- Mechanized Cartographic Information Retrieval Systems,"
Proceedings of the ICA Commission III, Technical Working Séssion, pp.
221~224., Edited by Judith M. Wilford-Brickwood, Rene Bertrand, and

‘Luke Van Zuylen, Enschede - tne Netherlands (Rpril 1975).
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8. the principle df division must be important for tné purpoée of
the classification;

9. properties which are used to divide or classify in the higher
" categories must be more important than those used in the lower
categories;

10. the logical consistency of the hierarchy will only be maintained
if rules five through nine are observed.®’?

3.3 FURTHER OBSERVATIONS ON THE CLASSIFICATION PROCESS

Grigg furthér suggests that a general purpose classification

attempts to expresé the actual order or system of things classified by

*

correlating the greatest amount 6f knowledge about the objects under
stﬁdy. He also remarks that despite some taxonomist; who assume that if
a differentiating characteristic with a large number of accessory
characteristics is found then this classification will be the correct

classification and will serve all purposes equally well, modern

logicians and'taxonomists would agree that' there can be no natural..

4

classification in the sense that there is one and only cne

1

¢

classification which will serve all purposes.” Ellen adds that in
practice no classification can be formulated in terms of all natural
discontinuities, but .classifications can be ordered according to their

degree of departure from the philosophically ideal. He thus suggested /’/

-]

*? Grigg, pp. 4B1-491. Several of these principles are further*®
elucidated in Richard L. Kleckner, "Classification Systems for
Natural Resource Management," In Proceedings, PECORA VII Symposium,
Remote Sensing: An Input to Geographic Information Systems in the .
1980's, .The ‘American Society of Photogrammety, 1982, Ed. Benjamln F.
Richason, Jr. pp. 65-70. A general overview of land use
classification systems is also provided in Robert C. Scace, "Land Use
Classification Systems: An Oveérview," Working Paper No. 14, Lands
Directorate, Environment Canada. April 1981,

'3 Grigg, 1965, p. 470. K



3 . < L |
| . ' 47

seven iﬁdicators to eyaluate the inte:nal iogic anq ordering of a
_cléssification:’ -
1. wvariability;
2. arpitrariness;
3. expf?ssion_of inclusiveneés;
4. ancmaly;
5. structural complexity;
6. terminoldgy, nomenclature and taxonomy; and

7. integration in semantic fields.’*

3.4 A COMPLEX BUT RELEVANT PROCESS

Classification 1s obvibusly very complex and based on logical

principles which necessitate much conceptual_fbresignt in both design

-
-

and implementation, Problems imherent in aﬁy classification system vary
in extreme depending on the_iﬁ;tial objectives of that scienge or
disciél;ne. These problems are.more manifest in a-general puxgpcse
classification becaﬁse of th?-atﬁempt for broader applications. The
choice of adhering to ; particular cldssification structure really -
revolves around the fundaméntal qﬁestion of classification purpose. If
wg attempt, as in the.cqntext of this thesis, to review and propoée
ideas on a éene?al purpose‘topograpnic feature classification to serve

)
as a national standard for the handling and transfer of digital-spatial
data, then we must 6e prepared to evaluatg\;elected syftems on the basis
of the requisites that this concept entails. The task is not trivial and

should be dealt with accordihgiy. Harvey makes several pertinent
-

L 4

*4 Ellen, &979.
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remarks concerning the fact tnat the geograpnic literature is replete
with complex classificationsL many of which appear to have been devised
with no particular purpose, and many which have never been used for
_anything.'He further states that..."if we faii.to identify our purpose
.Qe must expect.our purpose to he governe; =~ perhaps insidiously - by the
classlfication‘system we adopt...Let us ensure that we do not allow the
classifications developed to prejudice our future and let us also ensure
that we make an efficient use of them in pursuing a deeper understanding

-

of the phenomena we are concerned with."??

3.5 CODING CONVENTIONS

i

Whereas classification is the grouping of objects on the basis of
common properties or relations to help elucidate a pa;ticular problem,
'coding-is simply a sfstematic method of lahelliné and recording the
groups of daya for processing purposes. It is basicaliy an_abbreviated
or alias format for information exchange which assumes hothing more, at

least initially, than an information source of symbols which can be

uniquelytrecognized.’

*3 David Harvey, "Models For Descrlptlon in Geography." In Explanation
in Geography, pp. 289-386, Edited by David Harvey, Great Britain:
Edward Arnold Ltd. 1969; reprint ed., New York.: St. Martin's Press,
1970.

’¢ Richard S. Baxter, "Data Processing," In Computer and Statistical
Techniques for Planners, Edited by Richard $. Baxter. London: Methuen
and Co., 1876, pp. 124-224; Eugene M. Lewis, "Geocodes in Commercial
Applications," Proceedings, american Congress on Surveys and Mapping,
Fall Technical Meeting, San Francisco and Honolulu, 1978, pp. 1-9;
and Richard W. Hamming, Coding and Information Theory, Englewood
Cliffs, New Jersey:Prentice-Hall, 1980 p. 1.
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- As 15 well knownltnere are many kinds of coding systems that havg
been standardized, allrof which must be expanded aé the need arises, and
all of which, from ; historical perspective are always undergoing
change. Standard labels (ie. file headers) are types of codes that
facilitate and are utilized in the exchange of digital data. ASCII and
EBCDIC codes are well known ﬁit numbering codes, both valuable coding
systems, largely because &f the fac; that they aré standardized. Since

computers frequently work in bytes, which are defined to be 8 bits each,

hexadecimal codes (a numberihg system allowing all logical extensions of

binary arithmetic) are better adapted to machine architecture tpan the
more common decimal system of numbers, and have evolved to beifgequéntly
used for computer processing.’’ The use of hexadecimal digits ailows for
"the full saturation, hence'exploiéation, of ehe code's capabllity in
EDP.'* Morse code, a variable-length cbding system designed for speed of
transmission of information, facilitates its objective by assignhing the
most frequentlylused letters (le. the letters i and e) the simplest
(shortest) code and the infrequently uséd letters {such as j), a longer
code. The International Standard Book Number.(ISBN) is an éxample of a
widely used fixed-length coding system which publishers assign to
uniquely identify their texts based on fields (logical units) of

country, publisher, book number and a sum check (error detecting) digit.

—

i

*? Internally it is all binary arithmetic. Representationally, we use

hexadecimal codes as they fit into bytes quite nicely.

The ASCII (American Standard Code for Information Interchange) system
uses 7 binary digits (with the eighth digit serving as a parity
check} to represent 128 possible alphabetic, numeric and assorted
other symbols.. EBCDIC (Extended Binary Coded Decimal Interchange
Code) cecdes allow 256 possible symbol combinations (many of which are
currently unassigned). .

o

§ -
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The standardized x, y coordinate systeﬁ is also a type of;coding#syétgm
that could be_répresented by an infinity of ways but, to make it |
understood, the right hénd-rule of k,-y, z was‘adopted to alloﬁ users to
get onto more fnte;esting tnings:

—_—

3.5.1 Coding Geographic Data
kY

There are many ways of coding déta so'as to use them. A symbol on
the map is a_code. as are gt#ndard Land Use Classification codes,
Standard Industrial Classification codes, transportation codes etc. %ne
distinguishing feature between the manf ways of-coding the data depehd
uﬁon the pﬁrpose‘for which we intend to use these data.

The,céding of a topographic feature classificétion is no
différeﬁﬁ in principle, than any other spatial coding scheme, such as,
for examplg, geocodes, except that geocodes typiéally-dea; exclusively
with areal data (regions). Otherwise the same two types of information
are provided: "one which tells something about the p;ace, and cone, such
as coordinates, which describes the geographical location and
relationships of tﬁe place."?? '

The term geo-referencing (gecographical refereﬁcing) is commonly
;pplied to a geocoding system which, creoss—-connected and ennénced with
geographic coéfdinates such as latitude and longitude or the UTM Grid

(two of the most common and best known reference systems in the world)

attempts to provide the working framework for a land data base

*?* Yaldo Tobler, "Geo-Coding Theory.," in Proceedngs, National “Geocoding
Conference (Washington: Department of Transportation, 1972)% p. Iv.1,
quoted in Kenneth J. Dueker, “Review Article - Urban Geocecding,”
Annals of the Association of American Geographers 64, no. 2 {(June
1974) :318-3265.
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_managemenﬁ siystem. fhe Ontariq Basic Mapping Pfogram (0.B.M.), based on
the UTM 6 degree gr1d is one such system that is presently being
developed to provlde a complete topograpnical information base, in
digital form, at the 1:10,000 (Southern Ontario), 1:20,000 (Northern
Ontarib) as @éll as the 1:2,000 scale mapping (under a cost-sharing
égreement with municipalities). There exists much commonality between a
geo-referencing system and a topographic feature classification system.

The two should not be viewed as mutually exclusive, but rather as points

-

.on a continuum in the classification and coding process.-

3.5.2 _The Design of a Coding SyStem

The most important principle to ensure in the assignment of a
'coding,scnema to a classification of data is that we do not artificially
reduce its intended'order and flexibility. Within this framework the

‘geocgrapher may wish to investigate: 1) a mnemcnic code (ie. hgy,l nguage
E N

N\

can* be coded based on the abbreviation of words, such as Dby ége ~.

‘elimination of vowels, but yet retaining interpretative assoclation with )
the original words); 2) the quesﬁion of computer storage reéuirements

and the concepts of bits per byte, bytes per word and numeric versus
alphanumeric savings; 3) khe list data structures and their feasibility
for'impleﬁentation; and 4) cross reférencing in the classification
allowing groupings across properties (something rather standard in List
Processing). Of course, of equal importance in a coding system, i1s the
need to facilitate ranging capabilities. Although it is possible to

include the properties of a logical subset {a facility required for the

retrieval and display of ranges of data) with either alphanumeric or
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numér;c.codes, and although greater flexibility is offered by the
alphanumerié set, compuping is made easier with a numeric set.®® -Tom
suggests that a_géppea system which employs a decimated option (also
internally gapped)' is a pogsible approach and that "considering the
parameters of storage, data structure and spatial data processing, a
numeric code ié advantageous overAan alphanumeric code because generally

decimated codes are more efflcient for storage and data structures.m?®?

3.5.3 Selected Approaches to Topographic Feature Coding

Hanke describes a code consistiﬁéﬁbf the four fields of
information, N1,N2,N3,N4 where: N1 represents iﬁformation on the
drafting function; N2 reﬁ%esents ‘information on the compu;ation
function; N3 represents information on approximate or actual v§iue of
coordinates; and N4 represents information on the Eén Function (begin or
end of line, special search function).®?

Christ describes a 6-digit code used in the German Federal
Reéub;ic which supplies three fields éf information: 1) a unique feature
is identified; 2) within a designated category; at 3) the scale at which
the feature was first digitizedf For example, the code 504002 identifies

creeks greater than S metres wide (002) of category hydrography (4)

te® Richard S. Baxter, 1976, p. 129; Robert E. Durland, "Some Desirable
" Characteristics of Geographic Identification Code (Geocode)
Schemes," Revista Cartographica no. 38/40, 1981, pp. 109-113.

Written correspondence, Henry Tom, Computefr Specialist, Institute
for Computer Sciences and Technology, National Bureau of Standards.
Washington D.C., Dec. 3, 1982.

102 peter A. Hanke, "A New Method of Automatic Compilation of ‘Large
Scale Maps with Universal Data Acquisition," ed. Erno Csati,
Automation: the New Trend in Cartography, Budapest, ICA

{1974) ::48=152. '
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first encoded at tne 1:56.000 scﬁleJ*°’.Weber des‘ribes a similﬁr coding
iogic (minus the informatiog,on scéle) where the;code 3401 (for exampie)
_répresents ; traffic way (3) for cafs (4) and finally a motor highway
(ol).t®* In Apr11‘1975, by‘an agreement'between the surveying
administrations of the West-German Ldender entitled the "Standard Data
Format for the Exchange of Digitallpartographic Data“..the feature codes

of all classes of objects appearing on official topographic maps at

scales of 1:5,000 to 1:1,000,000 were standardized by a four—digit

decimal:classification inducipg a hierarchical order of the object
classes. Weber observed howevér, that no data had been exchanged in this
format by 1979.‘5’

An approgch described by Bertschinger for an interactive system
ih Switzerland provides infprmation accofding to the cétegorigs of
éﬁject code (peint or line), objeét type (for‘example, innabitantsi, and

object values (for example,,loo,oooi. any number of object codes, as

well as any number of descriptors (types, values) are allowed.per
'y

feature. The basic element (feature)} of the data base (the object/edge)
is identified as being either a line such as a river (8110:1ii), or as a

point feature such as a church (1142:sp).*°‘

\

Fred Christ, "Digitizing Digitizer-Editing and Graphic OQutput of
Topographic Map Data," ed. Ernc Csati. op. cit, 1974, . pp. 39-44.

Wigand Weber, "An Example of a Data Base For Cartegraphic Data,® ed.

Ernoc Csati, op. cit. 1974, pp. 214-223.
J

'e* Wigand Weber, "Computer Mapping and Geographic Information Systems
in Germany," Geo-Processing 1 (1979) :85-~99.

N. Bertschinger, "Contraves Interactive System - Coragraph DC3 for

Geometric Data Processing,” Proceedings,.ICA Commission III, 1975,
pp. 199-220.
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. Another appfdécn used on a small cartqgrapﬁic s&stem at éh;
Department of Geodesy at the University of Technology, Delft_éonsists of
. three digits (fields) qf 'ABC' where for'a'point object, A must always
belo, B must be between,d and 8; and if the feature is a control p&int{
B must be $.'°? C can be any number. In coding point objects, a detaii;

point can be gEged by a number betwgen 0

and 89 and a control point by a
number between 20-99. In the coding of iine features, A mhst-élwa?s be 1
for straight lines, and 2 for curves. B represents the naturé of the '
line to indicate whether the line is fully drawn, dotted or dashea and
can be any nuhber between 0 and 9. If € = 1, then the point is a begin
point, else if C = 2, then the point 1s the end pointréf the liner else
if ¢ = 3, then the line object belongs to more than one model, map or

. . . 1]
-photograph,, and is used as a special feature for join line searches (ie.

searching two points with C=3 and the same R and B having .the same
coordinates).
. . & .
An 8-digit code initiated in the earij'1970Fslpy the Surveys and
Mapping Branch, Canada is based on a classiffﬁation érranged intoe ten

categories of features, each of which is identified by the first digit

in the code. The second and third digits specify a particular kind of

" -

feature within these qategories and the remaining digits serve to

de;cribe'particular aspects of a feature. For example, the che'00300250
identifies a depression contour at 250 metres elevation, £he code
23400000 identifies‘a's;andard gauge railroad line, single track, while

the code 23420000 identifies a standard gauge railroad line, abandoned.

Kihl notes that as of 197%, 160 maps from the 1:50,000 scale National

1e7 prits Reneman, "A System for Digital Mapping," In Proceedings, ICA
Commission III, 1975, pp. 254-269.
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Topographic Series_have_been diéit;zed and that é,ﬁiioﬁ,sheet at‘ﬁne

1:1oo,boo scale is beiné derived"ffqm tné Aaﬁa'storedwin four l:SO.be
Scalelcartoéraphié‘fi;es.‘f‘

-

3.8 IMPLICATION OF TAXONOMY TO THE FEATURE CODING PROBLEM

As nqted the digital deséription of a cartograppic or géograpnicw
feature can be considered as naviné tworéomponents. algeoﬁeérié
descripﬁipn and an attribute deéscription. It is ﬁhe attribute
desqription which, at the user level, allows us to‘identifyAénd select“-'
features. The sophistication of our retrieval mechgnism depends not -only
cn the logical organization or grouping of tﬁe features but alsoc on the
number of different non—spatiél attributes associated witn_each feature.

Taxonqmy implies thé‘ordering of information into a hierarchy to
develop understandings of phenomena, but in the contekt of cartogfaphic
or geographic features, to allow gréupingé on the basis of the critefia
used to form ﬁhe ﬁierarchy. A tree structured ordering,‘fér instance,.
could be made to allow a multitude of alias names or ordered groupings

to result in the same classification. A digitizer operator may identify

'e* T. H. Kihl, "Automated Production - 1:50,000 Scale Topographic
Maps,” In Proceedings, ICA Commission 111, 1975, pp. 133-141. The
current (1984) coding system is arranged into ten categories:
O)contours; 1l)control information; 2)roads; 3)communication;
4)buildings; S)marine features natural; 6)vegetation and
hypsography; 7)other cultural features; 8)marine features man-made:
and 9)text and labels. Each feature is tagged with a five-digit
numeric code to identify the geometric data (with each data point
represented as a complete X,y,z element). Data is stored as
“cartographic spaghetti.” A six digit alphanumeric code is further
tagged to each feature based on fields of information including
level (1 of 63 levels), weight (line thickness, colour), line style
(eg. solid line), automated closure factors, and type of feature.
The centre line is followed for most features except outlines to
scale such as largér buildings. The atfribute data (feature code) is
'.stored with the geometric data.

3 .
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" a feature with‘thé words "thermal power station," while another might

say "atomic electricity plant." Logical algorithms could be constructed

to aﬁtomatically recoénizé both as being tne same thing placing them

into: "building, industrial, electric power, thermal; nuclear". The

coding system should be such to allow sucﬁ'algoriphms to be written. On

the retrieval side, like objects 'should be sequentially groupable on the.
T ~—

pasis of their ldentification or tneif properties. Beyond being possible 7

to call all "jails and penitentiaries," it should be possible to call

-

all "two to six lane roads,™ cobviating the need to enter,“three",
0 N . .

"four", and "five". Furthermore, groupings across properties should be
possikle, such as a call for all “ahandoned" things. These capabilities

would be prerequisites for a system that would automatically filter and

’

genaralize data to prepare a file for maps at different scales. "Extract

all information on transportation suitable for a .map at the 1:4 million

scale."



Chapter IV

b

ANALYSIS OF SIX NATIONAL BASE MAP FEATURE CLASSIFICATIONS

six ﬁlassifications, néw in hse, or in the pfoposal stage, were .
analysed with Eng'objectivg to.identify an optimal code that,was |
inclusive, flexible and’hpen-gnded, that could possibly be used in a
generaf‘system, or at ieast to idenﬁify principies towards the
development of one. REVlEW, analysls and evaluation of these systems
placed emphasis on 1dent1fying general strengths as well as pin pomntlng

weaknesses and faults. Particular attention was pald to: 1) logical

B

consistency; 2) terse and exact feature description; 3) data measurement

level; 4)-mu;ti—dimensioﬁal aspects; 5) ranging facilities; and &)

- ~
- .

- parameter coding. | . D'al- :

a.

1.1 THE USGS ATTRIBUTE'CODES FOR DIGITAL LINE GRAPHS

One respon51b111ty of the UsGs, Natlonal Hapnlng Divisibn,-is to

manage the Natlonal Mapring Program (NMP) in preparing and maklng
available multl—purpose maps and geographic data to users_on.a national'
basis. The "Attribute Codes fe; Digital Line Graphs" were initiated with

the formation of the Digital Application Team in 1977 with the purpcse

of creating and inteérating two basic computer file formats, Digital

. B
Line Graphs (DLQ'S), and Digital Elevation Models (DEM's), to facilitate

~

this activity.!®' Each DLG file, initially correépohding to a standard

a4,
e

9% yJ, S. Geological Survey Topeographic Division, "Computer Files and
Attribute Codes for Digital Line Graphs,” Reston, Va: U.8.A., Jan.

- §7 =
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1:2%,000 topographic map (with eachrpeteeory.of map information stored

: in_a-seperale file or sub-file}, consists of three levels.'*® Level 1

contains raw‘digital data:suitahle‘for low to Toderate quality Plotting

or display. Levei II files have been edited and, contain exﬁensive

graphic attributé codes. Level III files ere?designed.fer integration

@ .
with GIS's requiring fully topologically structured data sets.
'Designed to accdmmodate-all categories of plenimetrie data |,

represented on convention&hxéigg maps, the specific purpose of the DLG

‘ codingisys em ls to.achieve fully topologically structured deta sets

“\AL_Qpable of fulfilling the needs of both automated cartograpny and .

]

geographic analysis) where ?allslines are explicitly linked to nodes

(ends of lines‘QQ\ii%f juﬂEtures) and all areas are egplicitly co@ed to

the bounding arcs (lineés) at all nodes, lines, &nd areas are

linked into a completgly defined digital line graph that can be |
 interpreted in a computer environment without resortinq to -human

assistance.mtt?

1980. Decumentatiypn, including 1982 and 1983 revisions were supplied
. courtesy of Robeprf B. McEwen, Acting Deputy Assistant Division Chief
_ for Researcn U.S.l Department of. the -Interior, Geclogical Survey,
. Reston, VA. '

3
.

119 The primary source for the DLG coding schema are those Features
listed in the USGS Technical Instructlon and Symbol Spec1f1catlons
for topographic maps at the 1:24, 008 and 1: 100,000 scales. -
Shmall-scale DLG data basés digitized from the 1:2,000,000 scale |,
sectional maps of The National Atlas of the United States are also

y produced and distributed. A third program to produce DLG data from
the 1:1,000,000 scale map series is now being initiated in
co~-operation with the Bureau of the Census.

*1! Robert McEwen, . #Bjgital Cartography- and Attribute Codes,"

' Proceedings, ):\ —Carto III, January 1978, San Francisco, Pp.

227 232; R..B. McEwen and Hugh W. Chlkins, "Digital Cartography in
the USGS National Mapping Division," Cartographica 139, No. 2, 1981,
pp. 11-26; and Lowell E. Starr and Robert B. McEwen, "The National
Digital Cartographic Program of the U.S. Geologxcal Survey,"
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4.1.1 Descfiptioh-ahd Bnalysis . .7 i | _' -

The 1980 codins scnema'was'ofganized'according.to e;eﬁeh base

h were incomplete- reference systems, hydrography

cateqories. 'six of wh
(wetlands and coastal features), surface cover, non—vegetative features,
survey contFoI and markers, geographic pames, and or;ﬁopho;ographic
imagery. The non-base categories supply peripheral information such as
the 33 7-digit codes associated with the U.S. Public Land Survegl(wnich
ident1f§ the secéion, township,wrange, origin of survey by princiole )

-

meridian etc.}, the 133‘4—digit codes used to identify State Plane

Coordinate Zones, and the 20 2—digit'codes,for identifying UTHM

&

Coordinste Zones.
Table. 3 shows that the completed base categories of_the'USGS
system are further arranged sccording to the node, area, line, and point
(degenerate line) chapacteristic of each feature classified. .
Cross—- classifylng nodes as attributeSJof geographlc features serves the

functional purpose of 'identifying the beglnnlng and end poeints of llnear

features (and/or some significant point along a linear feature, such as

‘an intersection) and thus changes in feature classificatian. This

concerns for example, the machine rececgnition, witniﬁ the data base, of

features coded as the upper origin of a stream, change in stream

classification or status, stream road intersection, shoreline road

intersection, road-railroad intersection, structure over railroad, canal
=5 :

or stream junction, or pipeline intersection. Further applications are -

quickly found in detecting either ends of bridges, tunnels, dead end

streets, or features along a linear feature, such &s a gate. Nodes are

1Y

Proceedings, Auto Carto Six, B. Wellar, ed., Othawa, Canada, 1983,
vol. 1, pp. 89-99. : s
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TABLE 3 -
Distribption of DLG Codes by NMP Category
Base Category ' o Organization of USGS Attribute Codes
. ’ ’ | . h _ Parameter
. ‘ Node Area Line Point- - Codes
R - . -
Hypsography . R
- Contour . o . 6 . 2 4

- 4 ——— o —

»{ Hydrography _ . l :

Streams - 32 48 1 4

Water Bodies 5 23 =] 10 o 3

1 Boundaries ‘ 2 20 4 1 3
Transportation ' -

Roads and Trails 27 29 5 7

Railrcads . 22 24 1

' Water Navigatjon 3 2 2

Transmission/Bipelines 25 . 14 2

Significant Cultural Features 2 - 75. 13 48 | 3

118 118 148 65 o27

SOURCE: USGS "Attribute Codes for Digital Line Graphs," 1980.

T

further used to identify selqctéh féatures sgcn as a power station, gas
field or refinery, which logically occur as the end (or beginning) point
of liﬁear féatﬁres such as._transmission lines or pipelines. The
pébvision éﬁd labelling of the nodes within the data base (nethrk of
base map features) as paft of the classification codes is_unique to the
USGS feature coding sghema.

The dimensional classificatlion of features on the basis of their

lineal geometric property i1s logical in that a road, stream, shore of

“
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islang, trail etc(, ate most frequently enCOQed as a single line. Many

11ne features are encoded simply as the centre-line of the t'real world
. . 2
feature' they are representatlve of,- and are tnus accompanled by

attributeé to their other dimensiohs (such as width). The topological

_significance of rthis coding ties in with the concept of a completely

[

‘ defined digital line grgpﬁ. For example, the two networks of hydrqgraﬁny

and transportation account for 85 and 97 % of the feature codes

categorized as lines and nodes respectively.
Classifying features according to their areal significance is
fouﬁqed on the principle of polygon recognition, for example, boundaries

or water-bodies. In certain instances however, the-dimensional
 classification of features on the. basis of area raises the gquestion of

consistency. At’ varying scales is not a point an area and vice-versa? In

-

the éaéegory of significant cultural features (approximately 28 % of the

feature codes), the geometric diffgrence between features coded under
area attributes such as large church (140.0102), zoo (140.0135},
fairground (140.0138), orphanage (140.0112), and those features
classified under point attributes such as church (140.0302), fairground

|.

(140.0341) or rodeo grounds {(140.0341) is unfounded unless the who%e

. !
data base is scale specific.!!? . |

4.1.1.1 Parameter Coding and Data Integration
-
- . F .
The 450 base category features of the 1980 schema are identified
by a 7-digit numeric code divided by a pericd into a 3 digit major code

and a 4 digit minor code. The first two digits of the major code define

112 mhis redundancy has been eliminated in later revisions of the USGS
npttribute Codesi®¥ (revised Feb. 1982, Sept. 1983, and Oct. 1983).
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2

the map category {(and are unique for the categqry). The thira digi£ is

hsed in two ways: 1) if zero,_tne'ﬁinor code follodlﬁg identifies a
. . .

particulér feature for that category; 2) ;f nonj;erd, the code Qas a
speciél parameter interpretation. As a parameter, the ﬁhird digit of the
major code apd all‘four digits of the minor code agé interpreted for
their.numeric value,‘each'of which ma§ have an alias interpretation.

Table 4 iilustrates only a small sampie of parameter codes which
identify features {(within a specified base category) utilizing a
parameter ‘digit' (the symbol N) to describe a particular quaiity from a
list of possible attributes. The.rational and advaﬁﬁage of this type of
coding is'that it provides 5 series of relational informaﬁion measures
such as accessibility (unrestricted, limited, controlled), temporal
status (proposed, abandoned[ etc., to'selecped features tnroughout'ﬁhe

-

-coding schema. However, several préblems could dgvelcp.if the mecnanigm
.is not Earéfﬁlly implemented: 1) certain feature attribute combinations
Tcould be precluded because the iist of possible attributes is mixing
concepts (accessibility, type of road, ownership and temporal stétus);
2) the number of possible alternatives (designated by the séecial symbol
'N') is limited to ten; and 3) the éarameter (descriptive attribute) is

buried within the code itself and may make it difficult to access and

share data."!'?!?

113 Thig latter point was raised by David Godfrey and Ernest Chang in
The Telidon Book, pp. 179-188, Victoria B.C.: Press Porcepic (1981)
largely on the basis of research reported by E. F. Codd, &
Relational Model of Data for Large Shared Data Banks,"”
Communications of the Association for Computing Machinery 13, no. 6
(June 1970):377-387.




63

TABLE 4
A Sample of USGS Special Codes - Roads and Trails

Code Meaning
100.N201 primary route, hard surface (undivided)
100.N202 primary route, hard surface {(divided, 25" or less)
100.N203 primary route, hard surface (divided, 25' or more)
100.N204 primary route, hard surface (one way traffic)
100.N205 secondary route, hard surface (one way traffic) ]
100.N206 secondary route, hard surface -
100.N207 improved light duty B
100.N208 umimproved dirt
100.N209 trail
100.N210 4-wheel drive vehicle trail
100.N211 urban street
100.N212 foot trail .

bridle trail

pack trail

historical trail

Jbicycle trail

primary route, hard surface (interchange road)
secondary route,- hard surface (interchange road)
improved light duty interchange road

ferry crossing Y

100.N241 road through parking area
100.N250 perimeter of parking area
100.N293 road or trail subject to inundation
100.N294 road or trail on dam
100.N295 road or trail on bridge
.1Q0.N296 road or trail on levee ~
100.N287 road or trail tunnel under ground
100.N298 road or trail tunnel under water
100.N299 road or trai;'under construction

where
N=0 unrestricted access : .
N=1 limited access
N=2 toll road
N=3 privately operated or controlled public access
N=4 proposed road
N=5 abandoned road

SOURCE: USGS "Attribute Codes for Digital Line Graphs,"

2

1980.
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— . TABLE 5

" A Sample of USGS Parameter Coding

Code Category. . ~  Feature and/or Comment

- 03N.-4-- Hydrography stream E.W.8. - N=3 for feet
N ‘ N=4 for metres

035.---- Hydrography stream river mile, right justified
039.~--- Hydrography sstream ¢.F./s. . enter (1)
091.00-- Boundaries’ enter state FIPS code in two digits

right justified

092.0--- Boundaries enter county or county eguivalent FIPS
code in three digits right justified

101.00-- Transportation number of lanes, right justified

~

102.00-- Transportation interstate route number, right justified

106.0--- Transportation county route number, right justified

125.0-——- Transpertaticon water navigation approx. width of canal
"or.channel if discernable from source
material right justified

12N.-——— Transportation water navigation approx. depth of canal

or channel (right justified). N=1 for
feet, 2 for metres, 3 for fathomi‘

abbreviations: )

E.W.5. - elevation of - -water surface:;

C.F./S -~ coincident feature or symbol;

(1) - feature category in blanks right justified;

SOURCE: USGS "Attribute Codes for Digital Line Graphs," 1980.

v
—
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Table 5 contains only a small sample of codes Which further
-illustrate the relationalhcapabilities facilitated by pafametef;coding.
This includes the capability for ratio data measurement (for ekémple,{

codes O3N.-——-- » 12N.----), coincident coding (for example code’.

q39.—-——), and integration with FIPS codes (091.40--, and /092.0--=
Concerning coincident_cpding, the mechanism is similarly used avery
category such as boundaries (099), roads and trails (169), railroads ' \.
(113}, elc.,_however it can be seeh that it is not possible to
consisteqfly identify the coincident.featpres‘béyond the category ievel

to any particular feature type. For example, in the case where a stream

is coincident with a boundary, the single 7-digit coincident cocde would
no; inform the user of the actual boundar} type. Further, the major code
fof.otner nydrogrépnic features such as.fiﬁers,'irrigaﬁion channels or'

-

canals, and ditches is '030' alsc (1980 major code).

. - ‘
Multiple feature coding was implemented in the USGS system to

deal with the sitlation where more than one classification code is
required to accurately identify and/or describe a feature {up to 99
codes may be assigned to any one featuref: For example, an abandoned,
narrow gauge, double track railway would.be coé%gpés 180.0201 (railsoad)
180.0603 ({(abandoned) 180.0606‘(narrow gauge) 181.0002 (parameter code
for number of tracks, right justified). If the railway was coincident
with another feature, the coincident coée 189.00—-- would be tagged on
the end of the series of codés. Three small issues are raised with the
foiciency of this coding mecﬁanism; 1) although workable, a lengthy

conglomeration of codes is often required to identify a feature because

the whole 7-digit feature code is repeated for every attribute which is
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applicable; 2) the same attributes receive different classification

co&es undgr different map categories. For exgmple.,the code for,under‘
construction is 170.0603 witﬁ-roads and trails, 180.0608 with raiiroadsf
and 190.0601 w;th'pipelines and transmissidn lines; and 3) regérdless of
the capability‘of multiple codes td idenﬁify more‘than one coincident
féature for any one geometric description,_it cép be seen that there ére
problems in the consistent identification of-the coincidgnt feétures
beyond the category level (ie. specific delineation to particuiar

o

feature types). - _

An important concept of the‘USGS classification is its

integration with a wider network of.spatial data. Table 5 sﬁows two
eXamples of parameter cédes which incorporate Federal Information
Processing Standard (FIP$) 55 codeé, as identifying l1links in the
encoding of boundaries (codes 091.00-- and 092.0---). This simple, but
‘ﬁighly important coﬁcept provides cross\reference 1inkages between FIPS
55 codes and the Bureau of the Census.'Furtner linkages are plaﬁnéd from
the Bureau of the Census to the USGS Geographical Names Information
System. The concept provides a wvalid researqn foundation to investigate
these possibilities for other coding systems; such as an integratioﬁ of

Statistics Canada's Standard Geographical Classification with that of

the proposed CCSM topographic feature classification.

4.1.1.2 Revisibns to the USGS Classification Codes
Table & shows the revised major categories of the USGS coding
system. The classification has been undergoing extensive revision, the

latest versions examined being the February 1982, September 1983 and

. ' A_‘ . . ' 56 . .
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October 1983 ﬁraft-Reports. The biggest structural changes-involve the—

addition of new feafure codes to.-and the %limination of redundant codes
in,»almbst all categories, with a particular emphasis on: 1) the
re—organizatidn of the base.pategories hydrography., Eransportation
systems, and culturél featqres} and 2} the introduction‘of the concept
of gerieral purpose, and descriptive classificatiog codes. Codes fog
surface cover havé also begn implemented-based on pbiygon stFuctures.
Nore exp}icitly stated in these revisions 1s the fact that the purpose
of the coding system is to: 1)'describe real world features aqd their
inter-relations rather than theif cartographic represéntation; 2)
provide eQery standard cartographic symbol with a unique gttribute-code
number; and 3) suprrE a variable number of attributes assigned to each
featqre (a user may.add ;nformation! such that one, two or more feature

codes may be used for a complete description of a feature. If multiple

feature codes are used, their ordéring is not significant. ?rovided
also are full textual descriptions for.each classification code
consisting of feature definition, its assoc1ated cartographic symbol (if
one exists), and instructions for use of the code concerhing the .
different applications to different scale sources (symbol number
references), associated and/or coincidence,codes, and scribing scales
(if different from standard size symbols). Other changes include the
eliﬁihation of the cézegory orthophotographic imagery, and the expansion
of the small scale codes to two bategor'es.

Examination of each category in detail reveals méﬁy further
changes such as the code revisions_in the category of tranéportation,

théir application to both the 1:24,000 and 1:100,000 scale maps, the
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TABLE &

Revised Major Categories of. the USGS Coding Schema

Code - Base Category

020; L. Hypsography ] g

050. T Combined Hyd;;;;;phy )

;;;? Surface Cover . o
080. Non-vegetative Features

0%0.  Boundaries . | "
;50. Survey Control and Markers T

Transportation Systems

170. o Roads and Trails

180. Railroads

190. Pipelines, Transmission Lines, and )
Kiscellaneous Transportation Features ’

200. Significant Man-made Structures

300. U.S. .Public Land Survey =x

—r—— -

Note: == Major codes for non-base categories of map 1nformat10n.
SOURCE: USGS "Attrlbute Codes," revised Feb./82, Sept./83, Oct./83.

implementation of codes which describe features scribed to scale (the
ratio between pen width for Plotting and the actual feature dlmen51on5),
or the sabstltutlon of the numeric equivalent 0l to 26 for the letters a
to z (such as used for road signs and highway route number descriptors,

a éoint which illustrates well the USGS tendency to avoid alpnabetic

characters in their codes).



" TABLE 7

Revised Distribution of PLG Codes by NNP Category

) Bﬁse Category - ' ‘Number of Classification Codes
(1) (2) (3) (4) (58) (&) (7

Hypsography . 0 0 5 1 4 0 2

‘Combined Hydrography - 5 18 & 6 24 17 &

surface Cover . o. 4 1 0 0 o 3
N — e e e o e Y J U

. Boundaries 2 2 4 i 0 0o 4
I ——— LT | VI

Transportation Systems

Roads and Trails o 5 0 18 0 9
Railroads o o 2 0o 8 0 3 12 4
Pipelines, Transmission Lines, 3 0 4 ‘o 8 6 3
Misc. Transportation 'Features
Significant Man-made Structures 2 33 7 7.~41 18 1

. ey i S e ——— —_—— —— —

Total Number of Classification Codes 19 57 53 15 83.82 .30

Notes to identify kind of attribute code:
(1) Node, (2) Area, (3) Line, {4) Point (degenerate line},
(5) General Purpose, (8) Descriptive, .(7) Parameter.

N

SOURCE: USGS wAttribute Codes," revised Feb./82, Sept./83, Oct./83.

Table 7 illustrates-tne.rev;sed distribution of the Digital Line'
Graph Codes for the six base categories cdmpleﬁed as of October, 1983. A
'quick comparisoﬁ with Table 3 reveals a phenomenal amount of change in
the distribution, oréanization, and number of codes assigned to each
base category; The intreocduction and/or'reclassification of 165 codes as’
eitner genera; purpose and/or descriptive attributes dccounts for mﬁbh

of this change.
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Generallpurpose classification cod#L (minor code range 460*499)

apply to multiple feature types and are assigned to features regardless

of their geometric configuration. For example, a traffic-circle, a
railroad .station, a power station, or a hydro-electric plant, are

classified and receive the same feature code regardiess of whether the

feature is a boint or an area. Previously all features in the USGS
classification (Table 3) were classified according to their cartographic
data type. Tnis cgange in organizatlon indicat s that the geometric
configurétlon of a feature may not Dbe essential Yo a feature coding

classification.

Descriptive classification codes (minor .code range E00-599) are

5ased §n the concept, although it is not fully implemented and
improvements are'warréﬁted, of 1i§ts representative.of.uni-dimensional'
feature characteristics. Dimeﬂsions such as ;emporal status (proposed,
under consﬁruction, abandoned, dismantled), access (controlled,
‘restgicted), ownership (privateé, public), site (elevatéd, under ground)
etc.,nare being implemented into the USGS doding schema through the
descriptive classification codes. Each 7;digit descriptive
classification code is to be tagged on to a féature as descfibed in the

. —
. . L v -
section on multiple feature coding above. ‘ VA

TN

4.1.2 Summary of the USGS Coding System
' . v ' L
The designers of the U.S. Geological Survey Attribute Codes for
Digital Line Graphs have incorporated one or two advanced. concepts and

have provided an important model to examine. Parameter, coincidence, and

multiple feature codes, are built into the classification. The

%



-.y .

' coding. The fact that the classification is in use but-subject’ to

., .

) ' LT
topélogical étfﬁcpuring associated with the dimensional classification
and encoding_of-the base map features is an attempt to more élosely

mgdel spatial phenomena for nécnine p;océssing. Further, the

-

classifiéation provides cross linkages.with a wider network of '

Govefnment'hgénéies anday?ers through tire clever use of parameter .

-

<continuél re-development, indicates, not only the intractability of the

T o

featuré-coding problem, but also, the experimental nature of the

subject.'

s ‘ Tné$e-re-developmé5ts are. closely tied with recent work in the

area of cafpegrapnic data sﬁandards and although several weak points
. . e o ’

.

were.estabiisned'in this analysis, progressive .changes are quickly being -

implemented. The direction reflective in many of these .revisions could

r

be bestféummafizéd by lissting the six goals identified by'the ACSH

.. ~ . . . . . ~ Q .
working group on car:ographlc,features: 1) independence of gartographic

g

'representation and ééale; 2) umiversal in nature; 3) logically

-

structured; 4) consist of a single class .with multiple attributes; 5)

Y - - s .

.explicitly defined; and 6) derived from basic popograbhic and

nydrogfapnic'featnreisets.?l‘ PO b g . )
. "7'... Q . , -

T 114 Yarren- Schmidt, "Report &f Wdfkfng GrouptIfI‘- Cartographic

Features," edited by Harold Moellering, "Issues ih Digital .
Cartographic Data Standards," Report No: 3, National Committee for

. Digital Cartographic Data Standards, Ohio State University, U.S.A., °
1983. - o S

-



4.2 THE DMA STANDARD - - _ B ' . .

The DHA Standard Catalog is designed primarily for use by their

three Production Centres: the Aerospaf%}Centre the Hydrographic Centre~r/d/_
and. the Topographic'Centre.“‘ The principal source for features

included in the catalog were those Iisted in the. cartographic symbomogy

1
specifications of each centre, and were supplemented by features in the =~

NATOQ. STANAG symbol book and a draft of the Australian- Standard for the

-

Enchange of Topograpnic Data on Hagnetic Tape.*“ Althougn special
_purpose in the sense that their "primary mission is to provide map,
chart and geodetic data to the U S. Military Service,ﬂ the DHA'S large
organizational size, in assoc1ation Wlth a long history of digital

applications, merits tneir catalog well worthy of study 117 The DMA

Topographic Center has been invelved in digital mapping applications
e ”
since 1951 with the production of digital surface matrices starting in

E 1964.ul!.l ) & ‘ .' } . ] "f"

Coe . "\__,

1135 pefence Mapping Agency, "Standard qartoggaphic Feature Digital
Identification'Catalog," Wasnington, D.C., July 1977.

- The DMA. "Product 5pecifications for Digital Land Mass System (DLMS)
Data Base," DMA, St. Louis Air Force Station, MO., 1977, (revised
1980) "contain the most recent developments by the DMA to digitally
code landscape and cultural features." Written communication, J. L.
Sawhobk for Charles D.'Hall, Acting Deputy Director, Programs,
Production and Operations, Defence Mapping Agency., Hydrographic and
Topographic Center, Washington, D.C. 20315, September, 10, 1982.
Although containing a large number of features of the 1977 Catalog
these specifications illustrate a different data collation
metnodology revolVLng around the Feature Analysis Data Table (FADT).

117 Richard L. Vitek, 1980, p.. 2. Cook ‘comments that for the fiscal year -
of 1976, "DMA alone enployed nearly 9,000 people wi an annual
budget of $200 million. In relation to.this, the .S Geological |~
Survey’ nas about 1900 people and .a budget for FY 76 of approximately
$54 -million ‘devoted to topographic mapping," Reuben Cook, "Problems,
Shortfalls, and Needs of Topogtaphic Mapping." Proc. of the ACSH 36
th. Annual Meeting, Washington, D.C. Feb. 1976, p. 420.

.
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example, in ‘the code 1023, the position of the digits l 0, 2 and 3

4.2.1 Description and Analysis

The 1977 catalog is based'on a four-level hierarchical scheme of:

1) 10 categories, 2) 34 sub-categories; 3} 97 classes;-and '4) 753

v

-features as well as the. extensive use of attribute lists. In comparison

+

to the major categdries of the USGS (revised) coding schema, the DMA

‘ . . . '
system is more comprehensive in that it includes major categories of .map
}b

rmation cpncerned_with marine dangers, maritime features and

navigation aids, aercnautical features and navigation aids, aqﬁ related .
.o : 2

aero/ﬁaritime features and navigation aids. Similar to the apﬁroach
taken by the USGS Codes for DLG's, the syb-¢éategories for categories 3
through 9 are delineated by the area, lineal and/or poing characteristic

&
of the feature classified. This dimensional classification of
ay . Tt e T

geographic objects was not applied to the first three categories (the

‘culture' feature types).

.~ Lo

The assignment of a ﬁpique four digit numeric code for every

feature in the catalog permits EOmputer searches of digital files on

four—digit_descriptions rather than word look-up. Proceeding from the

~
.

-most to least significant digit, each digit in the code relates

SPElelcallY to a particular 1eve1 of the classification hierarchy. For
identify the category {(transportation), sub-category (railroad), class
{standard gauge) and'feature (single track) respectively. The
specification of the complete four digit code provides retrieval of the

.

individual feature. One rational for searcning'nqpthe four digit code,

-

1t Hanry R. Cook, "Accuracy/Quaiity Control of Digital Data in the
Digital Topographic Information Bank," Proc. of the ACSH 36 tn.

ca Annual Meeting, WashingtOn, D. c., Feb 1976, p 483.

Ll



rather than word look-up, manifests itself most upon examination of the

explicit nature of the coded features, many of which are but a 1engthy

conglomeration of modifying concepts. An example of this imhalance is

provided by code 3746, which identifies a sunken wreck, dangerous to

~surface navigation: (less than 11 fathoms over wreck). Logically the .
feature is a sunken wreck. Dangerous to surface navigefion is a

modifyinglconcept, as is less than 11 fathoms over wreck.

4.2.1.1 Attribute Lists

The DMA code contains a master list of 116 attributes tnaﬁ can be

.applied unive}sellyggo any of the ten major feature categories. Also{
there are approximaoely_sz classes of attributes (whose oumuleoive'total
from ali ten categeories egquals 975) which are applicabie only to
specific categoriee {a summany persoective of these lists is provided in
Table 8). There are several.inportant advantages related to the-use of
these atﬁribute-lists; 1) tney provide an operational basis for the

assignment of multiole attributes per feature;*:® 2) they facilitate all

the possible combinations requifed for standard ‘'maps and charts; and-3)
providing £nat they a;erconetrnctedlon uniform crioegiai/tney faoilitete
compactness, flexibility and utility. go; example, in tne:first
category of the DMA catalog (facilities and pooUlated'places); the
matnematical possibility of 12,180 gecgraphic descriptor combinations

could be encoded for each feature (105 attributes X 116 attributes of

the master list).. Since up to 99 attributes can be applied

2 .
119 yp to 99 attributes can be assigned to any one feature. This is
indicated by a preffx in the feature code header (2 bytes) which

precedes the attribute code, as described in the DMA "Format, 1977,
p. 9.

.4 ..
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 TABLE 8 NE

.A Sample of‘tﬁe DMA Featq;e.Attribute/Text,ELsts

~

{solid)

marine terms t-
soft composition (inorganic
soft composition (marine life)
docking/anchorage facilities
permanently frozen hydrography

shioreline (landform composition)
navigation dangers/restriction
limits/hazards

class/type accuracy alignment \\
composition soundings
appearance’ tides and currents
danger area/natural accessories

danger area/manmade shapes

colour ‘ terms

foreshore flats topmark

hard composition (loose) utility

hard composition (marine life) lights (text)

hard composition (porous) marine stations and
hard composition land mark (text)

flashing frequency/characteristics
strips and bands

frequency

radio stations

radio and radar stations (text)

controlled demarcation
audio communication types
accessories

SOURCE: Adapted from Defence Mapping Agency, *gStandard Cartographic
Feature Digital Identification Catalog," Washington, B.C., 1877.

simultaneously to every feature, the number of possible permutaticns is

greatly increased. In transportation {the second of the three culture

_categories) 119 attributes (plus the 116 possibilities'afford%g’by the

master attribute/text 1ist) can be applied to all 42 features of the’

category. It is worthy to note that the proposeq - §CSH classification

requires 221 class, category, feature, atgribute code combinations to

represent 221 possible feature‘variations for Ene,category of
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transportation (without including water-ways). The companispn is made

only to stress the importance of facilitating combinations of geographic

déécriptors in a coding system.

However, several prob fs could develob if the list mechanism is

'

not carefully implemented: i} in many cases, the same attribute receives:

- different codes. For example, the B;digit‘code for the attribute ‘'wood’

1s identified at various places throughouﬁ the catalog as_092, 119, 105,

047 and 035; and 2) - of alphabetically ordering the attributes

and retrieving them on the 3-digit code derived from this sort often

pPrecludes retrieving ranges of ordinally rélated data. For the

e

cartographer this puts restrictions om the type of ranging facilities
&

afforded. . ' C S C

-~

Related to the above are several smaller issués which would
prevent the complete integration of the DMA system as a model coding

system: 1) because features (like attributes) are numerically ceded

R

facilitating 'a flexible, consistent and orderly mechanism for insertidn)
R

as new features are added. For example, a karez (4349) is positioned

-~

according to alphabetization, anomalies result {as do problems of

between a stream (4348) and wadies (4350), as is (in the Category of
\

vegetation) the attribute grapes (020) being placed between garden (019)
and general (021);‘2) related to the insertion problem, further
expansion of new items-is limited to 3, 9, and 12 features for the
classes of ﬁnique waterway features, open water, and hydrographic

J/V'\

effected land; aﬁd 3) at several places in the catalog tnepe”is(a mixing

~

of levels of the classification. Standard gauge 1is catégorized as a

- class, yet it is also coded as an attribute.'Certain other features are
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coded both as featlres and as attributes, fér‘exampié, a river’, garden,
firebreak, hedgerow or shelterbelt, ana¥in selected cases the same

features are assigned different 4-digit codes (example siding, windmill)

because they occur under different categories.'

4.2.2 Summary of the DMA Catalcg

The DMA Catalog.is a comprehensive sy#tem that meets the
'requirements of three mapping centres. The extensive use of attribute
lists as a type g? parameter coding provides evidence of the feasibility
of intggrating relationa; aspects with a hierarchical structure, an
approach relevant both to the design of a classification based on the
concept of wérd look-up, and also to one which facilitates the. use of
combinations ofwgeograpniéal attributes per feature. One of the keys to

such a system 1s terseness and consistency in feature description.

Several issues to avoid were also identified: 1) problems of insertion

{associated with the single integer cn%racter representing features); 2)
proplems of the alphabetical sort (anomolous p;;cement of new items, the
logical grouping of items,;and the effect dn ranging facilities); 3)
inconsis£ency in feature desgription (tergeness versus conglomerations

of modifying concepts):; 4) mixing of levels; and 5) double coding.
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4.3 THE AUSTRALIAN STANDARD

P

The Australian Standard (1981) ﬁas constructed with the purpose
of‘specifying a file structure, gnd f&fﬁats,(?ncludihg a,featuqé coding
system, to be used forxtné intgrcnénde of digiﬁal mapping and gharting
data.“°-1t has been cited as the firsﬁfstandard on digiﬁal mapping and

charting data exchange,*?! and is intended to provide a means of

éxchange based on ininidual fecords for eéch feature, without-any
attempt to def;ne structurés or relationships with the data, regardless
of ﬁne various scales, differing methods, equipment, and organigation
 from which the original data are collated.!?? A wide array Bf
scientific, induétrial angd governméntal organizations wefe officially

~ ‘represented on the committee entrusted with its preparation.

4.3.1 Description and Analysis . £

One of the most important advantages of the Austfalian standard

is the fact that the coding system implemented d@és not alter the

«

structural organization achieved through its classification mechanism, a
. o ' .

:

format which, although less comprehensive for the variety of feature

types and information provided, meodels closely the DMA (1977) system.

.

110 standards Association of Australia, "Interchange of Feature Coded
Digital Mapping Data," Australian Standard AS 2482-1981, Standards
Bssociation of Australia, 1981. Inquiries concerning the development
of the Standard were made to several Australian Mapping Agencies in
August,’ 1982: the Division of National Mapping, Queanbeyan; the
Division of National Mapping, Belconnen; and the Central Mapping
Authority, Bathurst. The 1981 Standard was purchased from the
Standards Association of Australia in late October 1982.

121

L. Fernando, "Digital Mapping: World's First_Standard‘on.Data
Interchange," Australian Standard, (August 1981):3-5.

112 concerning EDP mediums, formats, and codes, reference is made in the

Standard (p. 23 to seven existing Australian Standards.
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The 1981 ‘standard congists of 657 features classified accérding'
to four categories (culture, hydrography, relief and vegetation), 22
sub-categories - (feature type classes), and a large number of small

(consisting of only a few items) but (for a large part of the standard)

- logically related groups of features constructed according to

=

differentiating criteria which closely approximate the concept of pure

data series. Because the relationship between the code assigned and the
Lo * “»

feature identified is not alphabetical (unlike both the CCSM and the DMA

‘ standards), the use of"logical' ranging facilities is prbvided.

This coding structure allows the user retrieval, by the

re-grouping, at any level of detail. For example, all the features of a

particular sub-category or all the features of a particular class (such

as accommedation or residential within the sub-category of buildings),
~ : ’

or any particular range of features can be specified by using a range of
' [

cbdes. Although a hierarchical structure could well be used in the

initial organization of the data, the'implementation of the coding

" L 3 .
structure treats the data as one level. Integration of this concept

[

with any topographic classification system, through experimentation,.

could result in some significaﬂt research fin§ings.

Table 9 illustrates tﬁe major categéries and sub-categories
(feature tfpé classes) of the standard; The tetal-number of feaéﬁres in
each major c§tegory (indicated in parenthgses) illustreggs»well the
concentration on culture (64 % of the classification) and hydrograph%*
(26 %). Relief, and vegetation, oniy acéount for a total of 10 % of the

feature codes. Although slightly unbalanced, and definitely. not as

tomprehensive as the DMA coding system for integrating the needs of

% - , 79

N
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TABLE 9
Feature Classification in the Australian Standarad

¢

.

Category Feature Type Classes . ’ .“/
Culture ‘ population centres, bullt-up areas, buildingsi/
(418) - ° road(centre-line), railways and other conveyances,

- features related to roads and railways, aviation
facilities, aeronautical navigation features, other
cultural features, boundaries, mapping contrel data.

Hydrography foreshore and offshore features, bathymetry, inland
(173) water, navigatiocnal features related to hydrography,

. ctultural features related to nyﬁrograpny.
‘ . .

Relief contours, spot elevations, decimetre contours,
(41) features related to relief..

Vegetation natural, cultivated. ‘
(24)

- v

SOURCE: Adapted from Australian Standard, 1981, p. 12..

three mapping cehtres, the‘Auatraiian system does facilitate
aeronautical (aviation facilities, and aeronautical navigation features)
and hydrograpnlc (foreshore and offshore features, bathymetry, and >
nav1gatlonal features related ;o hydrography) mapping. Contrary to both .
‘the USGS and the DMA feature cla551flcatlons, the Australlan standard

ddes not utilize the dimensional claSSLflcatlon of geographical objects‘
as a framew;rk or mechanism for their classification, rather it informs

the aser of the nature of the feature (be it ﬁoint, line, or area,to'the

right or left side of defined boundary}, as part of the feature header

record in the exchange format.
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One problem in devising a classificatien is tnét gf dealing with‘
léft—bver or miscellaneous feaﬁufe types. In the Australian standard,
the divisive logic of certain categories, such as 'pther cultural
features' (tﬁe ninth sub-category of culture), is not consistently

applied. A tower, pole, manhole, telephone boX .or a landmark area

boundary are classified-as area and other features. & footpath is

Nt

grouped with a series of features such as title boundary (foad),as a

cadastral feature. The linear features of this sub-category are indeed
e '

such, but are no different from many other features of the standard

which have been classified on different principles such'as land use,

economic actiwvity, surface characteristic, or proposed function.

.Each feature is identified by an, 8-digit {integer) féature code.
The fifst 4 digits are the feature identifier. The four digit medifier
code, although unspecified by the standard, cah be used to further
describe é feéture, providiné a list of_these codes and théir meanings
is user-supplied with thé data. As implemented, up,ho three B-digit

codes can be used to fully describe any particular feature (hence, our

multiple feature coding facility).®3?? Multiple feature coding to

facilitate the usage of combinations of geographic descriptors is most
efficiently integrated into a classification when the data are organized
accoréing to groups of similar characteristics. Roads, for example, areﬂit

3
grguped logically into several classes: 1) primary, secondary, minor,

vehicular track, and other; 2) by surface characteristic; 3) propesed

function; 4) features related to roads; 5) accessibility; ané 6) number

of lanes. A&thouéh it is iimited to three 8-digit codes to'identify any

L )

123 gee the feature record header segment, character position 16, Table
2, p. 7 in the Australian Standard 2482-1981.
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particular feature, the Australian -standard does facilitate combinations

of characteristics.

There are only a few ekplicit iqstances of ‘parameter coding.ih
the Aust;alian standafd. All data digitized:b;fore coding are assigngd
the'feﬁture code'ooodj Modifiers to features in the.sub—category of

h_‘mapping control &ata such as‘triglstation, or bgnch'mark cqntain the
height 6f the point in metres. For contours the'feéture modifier
' —

cdﬁtains.tneir elevation. For relief features, height may be recorded as

a feaﬁuremmodifier. For spot heights or depths these values are given as

e
4

v the .third coordinaté value in a set of coordinate vaiues.ﬁﬁowever, the
fact tnat‘feature modifiers must bg user defined is both an asset and a
&eficiency: a deficiency becausé it reduces tne;r impor;aqce as far as a
nationéi data base 1s concerned, an asset because it permits the
integration of existiné‘classifications. For example, in the Australiaﬁ
standard a factory, refinery, or a mihg receive ogly one‘foﬁr digit |
'code. If one wanted to be'more specific about the type of economic
activity associated with these and many other features, thg existing
Standard Industrial Classificétion would fit in very nicely. Some very

- ideal characteristics of a uniform classification, such as terseness,

exact definitioh, and flexibility are thus afforded by this facility.

. One disadvantage of the Australian standard is the lack of an
? . ;
exact metric value as part of the feature attribute value. For'instance, ‘
Table 10 shows that fifteen codes are used to identify the size of a M)/
. .

population centre. A feasible alternative is that one feature code could

be used, with the exact numerical value attached.'?* Any generalization

H
4

124 opantities or numbers should not be coded since this introduces
additional translation and a loss of preciseness. This may be

Lo~

.
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- . . TAPLE 10
" An Appeal For Higher Orders of Measure

1
A 3

~

CODE MEANING

0002 = General Population Centre -
0003 ' Capital City

0004  Population 500 000 and over *
-- 000S 100 000 -'459 999

:) 0006 75 000 - . 99 99%
. e 0007 50 000. - 74 999
\//’ 0008 25 000 - 49 999
0008 20 000 = 24 999
0010 15 000 - 19 999
0011 10 000 - 14 999
0012 5 000 - 9 999
. 0013 2 500 - 4 999
L . 0014 2 000 - 2 499
0015 1 000 - 1 999 )
0016 5060 — 999
- 0017 200 - 499
0018 " Under 200

SOURCE: Australian Standard (AS 2482-1981), p. 13. .

" . .
{ie. groupings and summaries) could then be dcne by the user (at a later

stage) according to whatever ranges of population size were to be

investigated. Utilization of exact metric {(attribute) values would-.also

allow the elimination of a whole series of 'special’ codes (now
L] i B
required) to describe variations in feature characteristics.

L4

. A second weakness concerning'the implementation of the standard
‘ : /

is that often modifying concepts (although'not officially recognized as

such), are provided under’'the guise of one code.‘Thp features shown-in

T V
] . '

desirable for purposes of categorization, but-statistical value is
lost since the actual numbers can not be derived once they are
coded. - b -

.- .

a
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N o
TABLE.11l ) '
Austrelian Standard - Feature Congiomeration
CODE -, MEANING . . .
N : L N ~ L
1052 Hotel, Motel, Inn o
1252 Orphanage, Home for Children, Child Care, Nursery
1445 Detention Centre, Gaol, Prison, Penitentiary
1551 Cathedral, Chapel, Church, Convent, Monastery, Hosque,
‘ Synagogue, Temple
"2306 Railway Lines (disused abandoned, under construction,
old formation) -
2307 Ski-lift, Chair Lift, Cable Car
2504 Underpass or Overpass . !
2511 - Elevated Linear Feature
4404 Perennial watercourse: River, Creek, Brook, Stream, '
Gully, etc. ,
5104 Cliff, Escarpment, Breakway., Precipice
5106 Landslide, Landslip, Eroded Banks
5107 Joint, Fault Line, Fissure, Intrusion .
5110 Ridge, Rim, Razor Back
5113 Rock, Boulder , _ ‘
5116 A Small Relief Feature ST
6502 Orchard, Vineyard, Plantation (other than. plne)
6506 - Cropland (clearing cultlvated), Pasture
SOURCE: Australian Standard, 1981, pp. 13-16; 18.- .

_Table 11 document a small set of examples. Many of these codes need to.

be expanded to permit deteiled-identification of the exact fiature of the

feature. dne interested in the study of the .earth sciences may find

contention with the conglomeration of codes .5104, 5106, 5107, ©

110.

«égde Sllsghiefined as a sm311 relief feature) is an example of a féegure

‘which could be better descrined; A short-term improvement to the

AY

X




85
standard would be to expliditly provide a ﬁechaqism to éonsistéﬁtly
ideﬁtify a featurerfrom the iistrof'poss;ble types and modifying
'concepts.associ;ted,yith these éodes. No- such ﬁecnanism, other'than,a

user-supplied list of attribute‘modifiers, is provided.

£

There are 24 feature.codes assigned'to_thE'cateéory of
vegetation. These feat;res are further divided into two sub-catégorles.
1) -natural vegetation and 2) cultivated vegetation. Botn forest and
scrub are differentiated on the basis of dense, medium and scahééred.'
The use of si# feature codes to describe two features (ie.'forest,:and
scrub} is guestionable. Qénse,}mediuﬁ and'scatteréd afe actually |
attributes representing one characteristic of vegetation growth. Code ¥
6014 (secondary growtn) is equally applicable to. the former 2 features
but is precluded from ldentification by the use of sepa;ate ‘feature

.codes. One could combine code 6014 with the code for a dense scrub for :
example, resﬁlting in the feéture code 60146006 - secpnda;y growfh dense
'scrub. Tﬁe ambiquiﬁﬁ resulting in deciding, 45 a user, how data should
be retrieved, on wnat criteria, and what specific feature code defeéts
the purposes of a national standard. Code 6010, grassland (sayannah,
heath) does not differentiate well the major ‘kinds of'sévannah
formations. The implementation of a list of standardized attributes
would overcome this problem. In Table 11, a siﬁilar loss of infonmation
is encouraged by the lumping together of codes 6502, and 6506. These £wo
codes should be expanded to represent five distinct featu;es, but there
is no room for expansion at the feature level (ie. codes 6503, 6504, and
6505 already exist). The ability to insert decimal codes on the least °

significant digit would facilitate this expansion and all these former

examples provide some practical ground for the use of list processing.

-
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4.3.2 Summary of the Australian Code o N )
. ‘rI ) N - . T \\—//‘—?
In;comparison With its 1981 counter-part, the 1974 version of the ¢
,‘standard consisted of 155 features'categorized according to the same
four cateqofies‘of culture, hydrography, relief and végetation.*”

Typicaily, expansion involved thefaqdition of new features and/or

L4 s

. sﬁb—categories of features; and.although not recégnized as such Witn;ﬁpiﬁti,"
the standard,‘the addition of feature modifiers, each aégignedaa ﬁniéue

" feature code. The largest iﬁbreases relate to buildings (by actiéity), -
transportation (type of foads,-surface charécteristics, pfopogea_

function, reléted featureé),.and the recognition of new classés énd . (\
sub-classes © ydroéraphic'features. The 502 new additions stregs the
importance7of being able to add new items to a cldssification. Although

based on thg same concept of the eight digit feature header, the four

digit feature codes attached to all the fégtufes in the 1974 version
qere.completely renumpered. |

IWitnout explicitly stating so, tne standard is operating under
the assuﬁptioﬁ of scale-indepeﬂﬁence. Concepts of derived generalization
éné featureirepreéentation are not mentioned.

'

It is evident that, for a large part of the lQBl'staﬁdafd, an
attempt has been made to classify and'Eode {(thus preserving any.semantic.
ordefing achieved through the classificat;on effort) logically related
groubs of features'and proberties. The'implementation of tne'codigg
strucﬁure treats ﬁhe data as one level aﬁd does not‘alger the structural

a

organization achieved through its classification mechanism.

113 gtandard for the Exchange of Topegraphic Data on Magnetic Tape,
Decemher 1974. )

=



4.4 THE ORDNANCE SURVEY CODE

The fourth systenm reviewed:was the feature'coding schema utiiiﬁed'
by the Ordnance Survef} an o;qanization which has nad a ieng'nietory as
tne central survey and mapping Brganization 1ﬁ Great Britain.t3$ Ia
1972, the OS 1ntroduced a pilot production system for large-scale

* - L]

digital mapping with the Qrimary purpose of applying automated methods

to reproduce ‘field survey material in an acceptable graphic form (ie.
the paper map) . ﬁy 1878 appfoximately 8600 map sheets at the basio.
survey scaleés 1:1250, 1:2500 and 1:10,000 were coded in digital form and
between 1978 and 1982 a further 9,533 of these maps (bringing the total ,
to 17,533) were digitized.'?' As of September 1983, a total‘of 21,845
map ‘sheets had been digitizeq."'.Although\the storage aad encoding of
these graphic digitizations‘largely-lim;ts use ef the digital g
topograpﬁlc data to_non-analytical éﬁfposes,,a study of the OS feature

coding system 1s important for it entails discussion of problems

concerning digitization, feature tagging, representation, and

»
T
s

generalization.

b i)

}

12¢ grdnance Survey,. Automated 'Cartography Unit, "Ordnance Survey
Digital bData - Feature Codes and Description," Appendix:-D, Digital
Mapping Facilities For Customers, Fixed Price Services .Section,
Ordnance Survey, Ronisey Road, Maybush, Southampton, 1980.

127 Timothy A. Adams,. and David Rhind, "The Projected Characteristics of
a National Topographical Digital Databank," Geographical Journal
147, Part 1 (Mar. 1981):38-53; and S. E. @. Fraser, "Digital
Cartography at the Ordnance Survey,”™ in D. W. Rhind and T. A.
adams, eds., Computers in Cartography, British Cartograpnlc Society
Special Publication 2, London, 1982, pp. 29-34.

12¢ gimon Fraser, "Digital Mapping at the Ordnance Survey,"
Spatially-Oriented Referencing Systems Association (SORSA) Working
Paper Series, ed., G. Deecker, Ottawa, 1984-1, 7 pp.
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4.4.1 Description and Analysis

Table 12 illustrates only a small sample of Ordnance Survey
feature codes. The complete coding system consists-of 113 items grouped
into various categories such as kuildings, boundaries, utilities, centre
lines, and graphic symbols. The first feature in the list receives the
code 1, subsequent feature codes are incremented by 1. Several of these
categories-are not consistently coded (for example, codes 14/22 identify

.a group of reoad and railway features, yéc/codes‘83/102 identify the same
group of roads and railways, but this time as the centre lines), which
“leads the/author te pelieve that for OS purpose's, the iogical'

, . .
classification of ‘real world features islnot of prime importance, but

rether; the basis of the coding system is. ' :

Tnitiated simultaneously with the pilot production project in the
ear%y 1970's, the fomndation of. tme 0S feature coding system resulted
.from analysis‘bf the specifications for line and symbol detail at the
basic mapping scales with the goal of constructing a list wnich.
included, not only all tne features shown on the 0S8 maps, but also every

possible way of depietion.lz’ However, its implementation without
en;uring that the digital data was‘capable of produciné adeqﬁate
certegrapnic representation led to problems in generalization and
sympo;izat}on, largely due to the unplanned need of the data to serve as
a basis for: 1) selected thematie mapping; and 2) the development of
derived digital maps. These problems arise from the fact that, for each

scale of graphical map output, there may be different data requirements

123 g J. Gibson, "The Production of 1:10,000 Scale Mapping from Large
Scale Data Base,” In Proceedings of the ICA Commission III, 18975,
pp. .121-132. '
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- TABLE 12 : .
A Sample of Ordnance Survey Feature Codes
Code Description =y .
1 Building - Public
2 Building - Minor
6 Archway Symbol : '
7 Boundary - Parish or COmmunlty .
14 Railway - Narrow gauge
15 Railway - Standard gauge .
22 Road - Centre line .
24 Minor Control Peints
29 Road fence, wall etc. (c§§ing definitive)
30 Fence, Wall etc. - Non-Rocad
31 Road Pecks (ca51ng definitive) . :
32 Surveyed. Pecks (banks, baulks, made paths, driveways etc. )
57 Point Features - Dot
59 Bank of Double River/Stream
64 Single Stream
B8O Track - Centre line
a7 Centre Line Minor Single Carriageway < 4m wide
98 Centre Line Kinor Other Roads
100 Centre Line Railway ~ Multiple Track -~
288, European Constituency Boundary
314  Other Building (Below Upper Level of Communication}
SOURCE: "Digital Data - Feature Codes and Description," 1980.
to achieve such a representation. The obvious example is the road and
track centre-lines which do not appear on the survey document.and are
thus not requireéd.for map.reproduction at -Survey scale, but are
essential if one is to produce generalized conventionalized roads at
derived scales.!?? Several further related problems were identified .
subsequent to code implementation: 1) inadequacies associated with
digitizing and holding boundaries as independent lines for the
; . L
-

13e Bell, 1978, p. B.



- 90
_défivation of smaiL scﬁlé maps;'and Q) the need to re-assess and
cénsider in greater detail solutions to the coding for'depiction of
certain 1ineér features such as patns, tfacks, road detail lines, and
boundary propert§ lines, so as to. be abl? to'output cbmplete and
unalterated networks.tai Bécause.the whole congept in OS saéic mapping .
is ﬁlotting to scale (Qith generélization béiﬁg limited to the.omission
of minor detail), both sides of hany of the latter features‘(which often
vary in width) aée digitized. Yet when'displaygd graphically,
particularly at séales approaching 1:10,000 and smaller, problems were ~

" encountered. This led to the introduction of new feature.codes, such as

road, railroad and tr$¢k centre~lines. These features, plus others such

/ .

as building delineation and text, previously coded with partidula; line |
tnicknegses,_point size and%pecking styles, were incompatible with the
needs of‘derived 1:25,000 scalé/digital‘maps, and thelr codes had to béi
altered. Be;l-noted tha£ any sensible feature code. list makes provisions
for amending the iist but it is not enough t§ identify these
requirements as they are encountered. Every time the feature code list

was changed the banked data were put in efrpr and usually the only way

of correcting them was to go back to the digitizing table.2?

The 0S8 coding schema does not include.any parameter ‘coding such

as pointers to associated features, left and right dﬁding..or scale

dependencies.*?? It is also restricted to .,one attribute per feature.

131 Gipson, 1975, pp. 121-132.

132 Bell, 1978, p. 8.

133 Timothy A. Adams, "A Raster Alternative For Ordnance Survey Digital
Data," in/D. W. Rhind and T. A. Adams, eds., Computers in

cartography, British Cartographic Socilety Special Publjicatien 2,
London, 1982, pp. 117-126. '




R

r . " : i ,I . - : * 5t

Text is added in'an elementary way and there is no logical 1link .to the'.

-

feature to which it applies. Unsurveyéd information, such as slopes and
oy . =

- . vegetation, is added manually (there is no area handling facility) and
Q
is not included in the digital data.3+ Certain ‘codes 4o have special

meanings, such as code 2 (minor building) which is classified as such

siﬁply on size, the code being incorporated to allow omissions of- tiny

buildings at 1:10,000 and smaller scales. Coincident coding is providéd

for from a purely grépnid perspective, in that rules are provided for

the digitizing of features {such as minor buildings) sharing complete or

partial sidds with another feature, (eq. a fence). Although these rules
S : ' '

exist, sliver errors do occur as a result of the selective plotting of

\
onlly one of the coincident features. ) .

Digital map data at the basic survey scales accompanied by a
program to ﬁlot the data.(including'full'specificdtions of the map data

and a. sample set of parameters) are available to customers on magnetic

tape.??® Selection {(or rejection) of the data to be plotted is by : N
feature‘code (or optionally by 08 serial.number) used in associstioh
with a graphic 'feature description table' for specifying the type of
output required (eg. solid or'broken lines, line width or solour, form
of sympel). Map date are charged per map unit but there is no charge for
the plot pfogrsm (which is retained in the ownership of 08). A

Earlier versions of the code explicitly contained much of the

attribute information in the code itself, such as the 5-digit feature

134 praser, 1982, p. 29; idem, 1984, p. 1.

13% prdnance Survey, "Digital Mapping Facilities fsr Customers,"™ 1980,
pp. 1=12.
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codés discussed by both-Williams, and Gardi r-§ill.!3¢ For example, the
code 46800 ideﬁtified a stream, the co&e 811%4 a buildiné. In the code
81124, wéjknoﬁ thatliﬁ is a name Té) of class building (1) in Gill sans
Roman tyée (1) with a 1ettef size Of.24 point type (24). Thisltype of

feature descriptof information is now provided@ in the exchange record

- format of the 1980 0OS codes, anda is iﬁplicitly associated with the

selected feature code.

4.4.2 Suﬁmary of the 0S Coding System

Although the QS has ;ionee;ed the application of digital
techniques to iapééfscéle map preducticon, several issues have evolﬁg&
which require major policy and investment decisions concerning whether,

how fast, and in what way to provide a complete digital topographic data

TSase for Great Britain.'?®’ One such issue revolves around the emphasis

e

on the replication of the conventional map preduct, the growing need for
more topologically structured data (especially in the longer term), and

the requirements of major users in terms of data organization. The call .
-~

for a scale-free data base is another issue. Although the 0S Revidtw
Committee recognized that the long term objective should be a scale-free
data base’, concern was raised to the fact that "a scale-free data base

has to be derived from accurate ungeneralized data which can orly be

.
.

provided by digitizing the basic survey scale, and the smaller scales,

3¢ 'FErnest P. J. Williams, "The Ordnance Survey System for Pre~Editing
and Digitizing Large Scale Plans,” ed. Erno Csati, 1974, pp. 1-14;
Rebin C. Gardinér—Hiil, "Data Structure for Digital Mapping Used by
the Ordnance Survey," ed. Erno Csati, 18974, pp. 15-25.

"Digital Mapping", Report of the Ordnance Survey Review Committee,
London: Her Hajesty's Stationary Office (July 1979), pp. 73-87.
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_such as the 1:50,000 scale, being manuklly generalized, cannot be used

[l
L

for this." Bell's research suggests the need for a family of scales, an

observation wnicn reflects on the utility of a scale-independent data

-

‘base for cartographic representation.

More recently, a set of 222 566 paper topographic maps {54, 365 at
1:1250, 158,020 at 1:2500; and 10,181 at 1l: 10000). has been completed

for Great Britain and will form the basis of a digital data base.

Several new approaches to digital data cellation, structuring, and-

-~
Y

research are also under development.'3* The addition of feature codes to
linework is st;ll a very major compohent of the whole digitization task
and related develepmentsrinclude the int:oduction of a multiple:feature ’
code facility, and'looking further into raste; tecnnologg, nierarchical
appreaches to automated feature recognition through the categorizing and
assignment .of simpleé groups of feature codes (such as roads, buildings,;
or waterwayf) for‘easier validation by.an operator afterward.!?’ The
latter research is“based on the concept of building cbmplex raster
structures by assigning feature codes to the cells instead of just oﬁ or

off, and Adams proposes that raster-based cartographic data will offer

serious alternatives to existiﬁg methods when that time comes.

13% pavid Rhind, Timothy Adams, Simon E. G. Fraser, and M. Elston,
"Towards A Naticnal Digital Topographic Data Base: Experiments in
Map Digitising, Parallel Processing and the Detection of Change,"
Canadian National Committee for Auto-Carto Six, Automated
Cartographys: International Perspectives on Achievements and
Challenges, B. Wellar, ed., Ottawa, Canada, 1983, vol. 1, pPp.
428-437. Earlier work generating statistical data for planning
purposes concerning the projected size and characteristics of a
national digital topographic data bank can be found in Adams and
Rhind, 1981, pp. 38-53.

.oAm

ST

13% Fraser, 1982, pp. 29-34; idem, 1984, p.-2; Adams, 1982, pp. 1i7-126.
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4.5 CANADIAN HYDROGRAPHIC SERVICE FEATURE: CODES

One of the first Canaqian'Governmental agencies supporting
research and development in automated cartography, chart productfon is
now viewed by CHS management as being competitive with .conventional

s

cértographic methods. Theilr miin products are the navigatiohal-charts
(naturél resources and fisheries charts account for abo;t 1§ % of tﬁe
CHS ogtput) at scales ranging from 1:300 - 1:500 to 1:2500 - 1:5966
{(harbour sites);.l:lq,ooo, 1:20,000,"1:25,000‘and 1:50,000.(1a;qe scalel
navigational charts of the coastal wateés); 1Q80,ooq to 1:500,060
{smaller scale charts);.and 1:1,000,000 to 1:5,000,000 (the smallest

_scale,¥general purpose charts). Similar to the Eurgose of the OS feature

coding system, the CHS feature codes are designed purely for paper chart

production and are bhased on a listing of all hydrographic symbels and

AT
linework currently appearing on CHS charts.t*?

4.5.1 Description and Analysis

Initiéted in the early 1976'5, the first hydrographic feature
classification consisted of approximateiy 156 fea%ures. Based on'a
-taxonomy of categories of land, water, depth contours eﬁc;,'each
alphanumeric code was é mnemonic for the word(s) describing the featufe
and of four characters in length. Maintenance of the classification
required continual updating and although initially—intended to be tree

s

structured, twe problems manifested themselves and the classification

‘became more complex and less logical over time: 1) the divisive logic of

140 canadian Hydrographic Service, "Feature Code Manual," Cartographic
Research, Fisheries and Oceans Ca:Sa@, Cttawa, latest version April
5, 1983. Several versions of the coding manual were provided
courtesy of Mr. George Czartoryski, CHS, Carto-Research, Ottawa.
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'ﬁhe_classigicétibn became questionable when faced wiﬁh the recurfipg‘
dilemma of choosing-!b whicn-exact'qptegory a particﬁlar item'belonged;.
"and 2) the élaésifiers thémselvqs‘sgoh hegan to run cut of loglcal ‘
abbreJiatipns and often found that'ﬁhefiogical mnemoﬁic'for a'new'item
was already in .use. Becau;e the ciassificatidn wéslimplemented wfth an
incomplete list of i;ems, both of these préblems became more acute;

| " As of Nove@ber 1982, thggsgwg:§>hpproximately 500. codes in the

classification. On January 1, 19837approximatel}7150 new ltems were
add;d to Fhe'catégofy 6f éids‘to navigatien with the éanadiaﬂ adoption
of the standard buog system. A largé part of the feature code manual had -
to be‘redrafted and approximately 100 oid codes were deleted. In

retrospect, the updating and modification of the original classification

of 150 items has been somewhat crisis orientated in approach and

emphasizes the importancggpf complling "a complete list of all the items

to be represented in the final system, if a conceptual framework

providing uniform criteria for their differentiation is to be adhered

to. Many items appearing on nydrbqrapnic charts are not sb easily
categorized, and problems in maintaining the logical consistency of -the
hierarchy would of course be accented by, as examination of the coding.
manual illustrates, the different types of items being classified,'some
of which are real world featurés, some are symbolé to represent tpege
features, and some are just symbols.
The C%E/automated system is orientated to drafting anﬁ is worging,
well in the ﬁroduction environment. There is in this apéroach however a
duplication of resourcés (Federal Government resources for example)} in

.

the data collectien su#?bunding the land-water interface. This is no
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trivial point for Canada's coastline is'large-indeea, Furgﬁe}. the
system as presently pfiented, is 1;;kéd'i£, and will continue to be sG,
as far as ahy spatial data transfer is concernéd-between,other potentiﬁi.
data base users such as Environment éanada, Topograpﬂic'Survey,

"Aerohauéicél Charté, or any otper agency or_u;er in the future. For
instancé, data transfer between the NTS and CHS concerning the
qeogfaphic feé;ures common to Soth mapping agencies at the land-water
1nterféce isilimited for several reasons: 1) the lack of standardization.

?\Iﬁ“registration.system, encoding technique, different détums (example,
Great Lakes) and different definitions of shoreline water levels; 2) CHS
requires daté descript;on with 'their feature classification concerning

|3 data accuracy, quality and time gf collecticn; and 3) feature codes and
formats.are_nbt compatible;
Concerning thé actuai production.of névigation cha}ts, symbolism

{ie.. feature reprgsentation) is accomplished by two methods: 1) flaéh

disk (1argest‘évailab1e dIzk-on the market has 96 syﬁbols of‘whicn
practitally, 75 is a good maximum); and 2) call generated.(by X, ¥
coordinates). There are four colours to chart overlay: blue, slack,
magenta and brown. If the CHS féature clgssification had to be started
over, and if the mandate was to be limited to cnart‘repiication, then
the most logical structure of the feature classification would be the
mo;t convenient for production based on final chart overlay, and the
mnemnonic choice to represent features by category would be, for example,

blu, blk, brn, mg. Within this ﬁighest level, features could be

logically structured according to land, water, contour etc.'*?

a
.t

.

41 it is important to realize that the case against a_national (or
international) standard in favour of one that is "most convenient
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Encoded (hydrographic) spatial data are stored by charts and can:

be'retrigved by: 1) feature‘code: 2) type of data (eg. sounding, line,

‘point); 3) source (charts being composed §f more than one source by

section); and 4) through-latitude and longitude but within chart

framework (data are recorded to geographic values). Because the CHS

or.ientation is to replicate the paper chart hbwever, several

S
-

maﬂipulatibe aﬂd.brocéééing capabilities associated with digital méﬁpihg
and the collation of a digital data base are forfeited, for instance: 1)
tnefe ;s a limitation on the cabability for retrieval and disﬁlay of

classes of features {tﬁere is né_requirement at present) sucn that there

ié a two character limitation for identifying the feature class one

-

“wants retrieved; 2) generalization capabilities are’essentially through

/ .
the assignmenE’of a unique feature code for each feature at its required

'sca;e (ie. data are scale dependent); and 3) parameter, coincidence and

multiple feature coding. capabilities are ndt developed. For example,

- - LN
suppose at a unique geographic loccation there is a rock” underwater, a _

buoy to mark the rock and a water depth above the rock. A coofdinate is
digitized and a feature code for underwater rock recorded. The same X,V

coordinate is again digitized, but this time the feature code for a buoy

is recorded. Next the same X,y coeordinate is dig;tized\and the feature

code for the water depth above the rock iﬁlre

rded. The capability

exists in the data base (for this ratner“lgng hy approach) but in

r/ '
production this encoding is messy agg,a/new code is required in the data

structure to indicate- the real position of the features.

for production"” results in a structure which impedes data
interchange.
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4;5.2 Summary‘df the CHSAFeature Codiné System-

| Dnelapproach to a new hydrographi; féature cléssification'wohld
.be toiprovide a crqss table‘of real Qérld features (versga;&pair graphic
éxpression) from ﬁany hydrographic feature specifiééﬁions and
classificati@ns. This type of compa;htive étudy would be useful-to many
agenéies for several reasons: 1) its methbdology and results wpuld
pfobably make a va;uable-contributioh to the progress towards Eompétible
feature classification for spatial data exchange purposes; 2) it would
prbvide a basis for a second phase of research needing to be explored: -
that of deterﬁining the pEactical.opportunities, limitations and
problems associaéed wiﬁh an integrated NTS - CHS featurg classification
system. Suéﬁ aﬁ investigation could consider the neeés of other data:
bases that are presently being establisneq, such as the Beaufort Sea
data base, Dy_agenéies like Environment Canada; and 3) the study could
also concentrate on, or érovidé a basis for identifying the future role
and needs of hydrographic data for their usage in real time cartographic
_}%pformation systems, such as the concerns and needs d;scussed‘by Eaton,
.Anéerson and Evangelatos, concerns which are very different in
orientation and purpose, from those of gonstructing a feature

classification system for paper cpart production only.!*?

R

142 p M. Eaton, N. M. anderson and T. V. Evangelatos, "The Electronic
Chart," The Canadian Surveyor 37, no. 4 (Winter 1983) :235-245.
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4.6 THE;CCSH CLASSIFICATION

The Task Forcelﬁn Surveying and Mapping (1978) fecom;endéd that
ras early as possible, Topographic Survey should create mecnanisﬁs for
the forﬁuiation’of #tandards forbﬁigital'mdpping,:including the storage
and retrieval of digital map data, invelving federal, provinciai and
mﬁnicip&l goyernment,.éne.univérsities and the private sectofz"*;J Under
the ausp;ces of the Canadian Council of Sdrveying and'Happing tCCSH)

three committees wefe set up and began meeting in Apr1111979. Techpical-

committee ne. 1 (whose proposed classification forms the:basis of this

.analysis) was assigned the task to-devélop a standardized classification

for the encoding of topographic features.!** Technical committee no. 2
had the task of‘standargizing accuracy and reso;ution parameters such as
determining what parameters'to go on tape and to eﬁplain how these
parameteré were arrived at (basically to ensure thé same rﬁler of
measuyement). Commiﬁtee no,‘3; concerned with;electronic‘data prgféggz;gjfh
(EDP), had the task of developing standards for how to write data onto
tape. OQver 700 cop;es of the three Draft Reports were distributed to
approximately 22 countries in early 3uly, 1982.

. The committees tneméélves‘were composed of reéresentatives from
various federal, provincial and private industry interests. Municipal
interests were the responsibility of provinciai.representatives. The

secretariat .for the three committees was to maintain a neutral ;oie.

Sixty percent of the meetings were held in Ottawa with the remainiﬁg

143 peport of the Task Force, May, 1978.

144 canadian Council on Surveying and Mapping, Standards for the
Classification of Topographic Features — Draft Report of Technical
Committee I, Energy, Mines and Resources Canada, Ottawa. April,
1982. .
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forty.pefcent being held at various locations across the country. It is

.worthy to note at this point that although the classification is under

the auspices and guidance of Topographlie Survey, the responsibility for

. setting up a national éléssifigapion/coding systeﬁ for the exchange of

digital spatial topogrgphic data rests on the Digital Mapping ‘Standards
Committees. Also worthy to ﬁote is: 1) contrary t6 Recommendation 3.8 of
the Task Force Report, universities were not involwved with the Digital

napping Staﬁdards Committees; and 2) the validity of municipal interests

being represented adequately by Provincial representation on the three

committees is questionable.!*?

4.6.1 Description and Analysis

‘Table 13 provides an overview of the proposed CCSM
classification. It consists of 1558 fixéd-iength'lo—digit alphanumeric
codes, hierarchicaliy arranged according to the fgu; levels of class,
cateéory, feature and attribute. Level I, identifi;d'by the first

alpnabetic character in the code, consists of ten classes (designated

[

145 There is considerable evidence that municipal interests are best
expressed by municipal representatives and they can do an excellent
job at representing themselives, and possess a high capability of
their own. For discussion of, see for example: Long Range Planning
Group of Statistics Canada, including "Towards a Role for Census
(Parts A and B)," Statistics Canada, June/July 1975; Information
System Inputs to Policies, Plans and Programs, Vol. I - Invited
Papers,. URISA Proceedings, Fifteenth Annual Meeting, B. Wellar ed.,
(Chicago, Illinois), 1977; Urban and Regional Information Systems:
Information Research for an Urban Society, Vol. 1, URISA
Proceedings, Tenth Annual Conference. J. Rickert et. al. eds.,
{Pomona, N.J.) 1973; Urban and Regional Information Systems: Past,
Present, and Future, URISA Proceedings, Eighth Annual Conference, J.
E. Rickert, and S. L. Hale, eds. (Kent, OChio) 1971; U. S.
Department of Housing and Urban Development, Urban and Regional
Information Systems: Support for Planning in Metropolitan Areas.
Washington, D.C.: U.S. Government Printing Office, 196&8.

>

)



.'191

Samples From the Caradian Classification

Class

TABLE 13

Category

x
XK

K

uc

Water course or.related feature.

Recreation, cultural, historical or ornamental.

* BAdministrative, political or cadastral.
D.A. - Designated Area.
RHF. - Related Hydrographic Feature.
+ = under construction.

‘Code Feature Attribute
(level I) (level II} (level III) (Level IV)
GA -Q005C 000 Hydrography ® Aboidean. -
DB 00100 000 Road/Railway Accessway Accessway(gravel) -
AL 24350 000 D.A. Ak Riding Academy - ”
AR 24400 000 D.A. LR Right of way -
GA ‘24450 000 Hydrography * River/stream -
GA 24450 110 Hydrography * River/stream -braided
GA4 24450 120 Hydrography x* River/stream disappearing
GA 24450 130 Hydrography . = River/stream indefinite
GA 24450 140 Hydrography : = River/stream intermittent
GA 24450 150 Hydrography = = River/stream mainly dary
GA 24450 1680 Hydrography x River/stregm perennial
DA 24500 000 Road/Railway Roadway Rd. gr. div. -
DA 24500 110 Road/Railway Roadway Rd. gr. div. 1 lane/way
DA 24500 120 Road/Rallway Roadway Rd. gr. div. 2 lane/way
- DA 24500 130 Road/Raillway Roadway Rd. gr. div. 3 lane/way
DA 24500 140 Road/Raillway Roadway Rd. gr. div. proposed
"DA 24500 150 . Road/Railway Roadway RA. gr. aiv. UC
DA 24500 160 Road/Railway Roadway Rd. gr. div, UC 1 lane/way
DA 24500 170 Road/Railway Roadway  Rd. gr. div. UC 2 lane/way
DA 24500 180 Road/Railway Roadway Rd. gr. div. UC 3 lane/way
DA 24550 000 Road/Railway Roadway - Rd. gr. und. -
DA 24550 110 Road/Rallway Roadway Rd. gr. und. UC 1'lane
JA 33100 000 Landcover Woodland  Wooded area -
JA 33100 110 Landcover Woedland Wooded area coniferous
JA 33100 120 Landcover Woodland Wooded area deciduous
JA 33100°130 Landcover Wocdland Wooded area mixed
GE 33150 000 Hydrography RHF. Wreck -
- AB 33200 170 D.A. Commercial Yard storage
Abbreviations:.

SOURCE: CCSM, sStandards, Draft Report of Committee 1, 1982.

]
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areé,,building, structure, roadway and railway, utiliti, delimiter,

LY

hydrography. hypsogréphy, land cbver; textual or“nodeiinformation). In
Jable 13, the class hydrography is identified by the letter 'G*' in the

code. .. ' _ ;!

_Le&el II,_;dentified by the second alphabetic éharacter in the .

}, consists of a total of 68 categories throughout the
lssification, but is limited to 26 categories within aﬁy particular
class (A-Z). This limitation could cause problems in éhe future
expansion of the classification concerning the class of designated area
(15 categories at present), building (14 categories at.presenﬁ), and
structure (10 categories at present). Otpér classes could potentially
encounter problems but-it is the three classes mentioned that appear
most'susdegiible conéidering their breoad cuitural interpretation and the
assocliated generalization‘pf gach category. In Table 13, the category
recreation, cultural, historical or ornamental is identified by the L in
the code (one'categdfy of class designated area).

Level III consists of a comprehensive list of 664 topographic?

v
features which are each identifiéﬁ by a unique five digit feature coge.
The first feature coded is an aboideau (0Q050). Features are arranged in
alphabetical order and each feature feceives a code incremented by a
vglue of 50 (thereby facilitéting the opportunity for insertion of 49
additional items). }f by chance however the committee misseg 50 féatures
beiween two cgnsecutive features then the rectificaticn would be to

differentiate at the attribute level between 2 consecutive features (if

possible). Iﬁ should be pointed out that in order to achieve these 49

additions, these new features would have to arrive in the order that

they are to be inserted.




. attributes in the classification is based on a logical relationship to
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The attributgs‘of a_featufe‘are héed to differentiatg between,
and desgfibe the charactéristics of; a particulér feature; Despite the'
fact that the Ccsﬁ‘Draft Report states that the qlassificatioﬁ has the
flexibility of' allowing 999 additional descriptoré.to tng code at the
attribute level per feature, this research revealéd tnat'this is only
selectively tﬁe case becausé although technically correct, the loéical
interpretation is misleading. Aséuming that the arrangement ﬁf the
A
the features, the classification for many of the attributes is limited
to the addition of only 9 additional items. One example illustrating
this point ié the-case of wooded areas (see Table 13). There are only S
(or 19) possible attribute values that can be assigned to deciduous

wooded areas because of the upper and lowetr bounds of codes for

coniferous and mixed wooded areas. Further, in order to achieve the

additional descriptors, these new descriptors have to arrive in the

.

order that they are to be inserted.

Ve

4.6.1.1 The Importance of the Review Task

\ Contrary to Recommendation 3.6 of the Task Force Report,
universities and municipal iﬁpefests were not adequately represented.
That is,‘in a fully multi-dimensio approach, as driginally suggested
by the. Task Force Report, all the lated players and ideas should be
incorporated in the initial desigh of a classification exercise. fhe
cammittée'g first task, "to examine existing classifications

{topographic features, geography, geology, forestry, pedology, land use

and ownership, etc.) to discern patterns of compatibility, areas of
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difficulty, etc.,"!'** in itself, is a huge task.

A )
"4.6.1.2 The Importance of a Uniform Classification

In terhs-bf reférence, the committée!s second task was to
vihvestigate the feasibility ana practicability of a single uniform
scale-free national classificétion systeﬁ for topographic feature;;ﬁ,The
CCSM standard has provided a compfehensiQe classificatlon of gecgraphic
features, yet at several places in the classification objects which
ldiffer in kind have been intermingled in data series. Many featurés are
arranged into categories and classes on miked criteria, intermingling
lanﬁ use, aceivity, ownership, f#ncp;onu(boundaries, corner, node),
nétural qualities (eg. .appearance - distorted surface), and even, in
selected cases, graphic representatioﬁ {flow arrow, hachured area,
relief éhaQed areé). Egact and definitive criteria need to be.uniformly
applied throﬁgnout the QFSM classification system (see the principles
elucidated by Grigg in_Cnapter'III). Some features, such as factories,
are broken down by specific product. 6theflfeatures are s;mply coded as
built-up areas, deciduous woodland areas, or barren lands. The class of
designated area (37 % of tne‘ccsﬁ codes) fcr'example is defined as "an
area set aside for a particular use or purpose,"!'*? This is an
inconsistent application of a 'set theory' approach applied on the basis
of spatial partitioning. Every fe;ture in the classification is defined
by some particular use or purpose. If consistently appliea, Ehe class

of designated area would provide a logical framework for the whole CCSM

b
Y

14¢ CcCcsM, Standards, Draft Report of Committee I, 1982, p. 4.

147 ccsM, Standards, Report of Committee 1, 1982, p. C 15.




E : . . -'.. . ' los
‘classification..' o ‘E‘I - | h
* .As proposed, tne 1ogical consistency of the classification breaks.‘
down. For example,- several categories of the class of 1and cover
1ogically belong to the class designated area - agriculture Efeatures
such as crop land, orchards, pasture, rangeland). An ecological area, a
~forest reserve, a wildlife sancteary or a wilderness eree are features
found classified under desiénated.area - gonservation. Yet, the very
components of these oesigna;ed areas, such as a natural cieering,
reforested area, wooded-a:ee,_brush, scrub, and tundra are found
classified under varioﬁs categories of land covér.

4.6.1.3 The Problem of Devising a Fleﬁible Code

.The third task of the committee was to devise a coding scheme for
_the classification which possessed the following Qualities: 1) the
flexibility to add and/or delete features and/or.etﬁributes; 2) the
flexibility to regroup; 3) the ability to incorporéte user-defined
attributes; and 4) ease of use. -

Cited Eﬁ;oughout this reseerch are various remarks concern}ng the
iimitations imposed on manf of the 'ideal' qualities requisite of a
uniform feature classification. One such limitation, imposed by the
Canadian classification, exists in the category of transportation at the
attribute level. Information conoerning the status of proposed roads

{such as one-way, two-way, divided etc.) can not be incorporated within

the hierarchical structure of the. classification.®*

140 pllam noted that the committee debated for half a day and concluded
that such information could not be revealed because of political
1iability (ie. if a map was produced designating particular plans
for the construction of a transportation link prior to a court or
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There are seVeral'interesting inferencgs to be de:ived‘frqm_this
limitation: 1) tng data associated with the standardized classificatipn
are less valuable for they do hot prov%de inférmation concernin; the -
.stétuq of the proposed road;;" and 2) if tﬁe classification ;ode was
structured to provide this information, ahd'it was vital to withhold for

: légal-poli£ical reasons, it could be withheld.!?®° More important than
r_§phe above however, is the class of coding problems that tqis one example
represents witﬂ respect to the fixed-length limité of the Cané¢ian
standard. The concept of open-endedness is not really valid if the code
is limited to the four levels as presently structured. -

The explanation for thehabbve problem relates to one of the
ruling principles of taxonomy handed down to us through Aristotle: in
logical division the division should pe exhaustive.!®} Many attributes
in the CCSﬁ tree stiuctured classification-are"clumped' together as

) &
conglomerations as these branches are terminated because the code limits

the classification to four levels. Analysis reveals that logically

there are more than four levels to Lhe CCSM classification. In the

legal decision). Interview with Dr. M. Aallam, Secretariat, National~
Digital Mapping Standards, Surveys and Mapping Branch, 615 Booth
Street, Ottawa, Ontaric, 29 April 1982. :

This information is pertinent to researchers, planners and possibly
neighborhoed interest groups.

Conversely, one questions whether the proposed classification,\as it
is now structured, is flexible enough tc incorporate this
information in the future if polity attitudes towards the release of
public information were to become more lenient, or compulsory, as
some interpretations of Freedom of Information Agts maintain or
suggest.

13: The main problem is that trees in a uniform classificaticn cannot
just terminate. They_have to go all the way until the division
{(branching) is logically exhausted.
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categorf of'transportatfon, there are three levels of attributes alone.
. i .

It is not the choice of attributes in the CCSM classification that is

the problem, it is the manner in which several levels of subaltern

b

genera have been restricted from acnieving their full expression. These

subaltern genera (levels of attributes) have been identified in the CCSH
classification, the internal inconsistency arises .as a result of
terminating'tﬁe divisive prbcessgegd preventing the ultimate species

from being %eacned.

'4.6.1.4 Retrieval and Ranging

An advansage of the hierarchical structure of the CCSH system gs
that whole classes (such as buildings, nydrography'etc.)‘of features may
'be retrieved. This:advantage'extends so the next level in that whole
categories of features (such as agriculpﬁral buildings, industrial
buildings etec.) within any particular class may be retrieved.

A disadvantage, which may well be due not to a weakness of the
taxonomy, bet ratﬁer to its implementation, oécurs at the feature level.
That is, within any one category ({(level 2) of the CCSM_classification,
only two possible queries are possible at the feature level: 1) display
the whole category of features; or 2) display one feature. Anything in
between is typically precluded because any request to display a range of
features on the basis of their 5-digit codes typically transgresses man&

»
categories. Eor.instance, the range of codes from 24400/25150 identifies
the following features: a right of way, rivefs; roads, road number

symbols, rocks, rock outcrop, reller coasters, roundhouses, and rows of

trees. A classification should bhe hased on logical principles to

”
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‘brovide a sound foundation.for éoftware developmént. The usé~of
arbitrarily assigned alphanuméric code doeé not pfovide this basis. The
use of wérd lookFup.tahles facilitated by a command scanner based on the
development‘énq implementatiqn"of list data structures\c&uld praovide a

better logical relationship between déta selected and the terseness of

A

required input.is?

 Problems associated with the use of ranging facilities in the

identification of like classes of features on the basis of their

attributes are related to the problems (discussed above) concerning the

conglomeration of attributes, and with double coding (discussed below).

'
A |

4.6.1.5 Parameter Coding and Data Integration

hE i

If the cléssifiqation is to be used only to translate to and from
the standardized code forAspatia; data exchange purposes, more textual
explanation of how the translation_is to Sé accomplished is‘required.
Certain aspects of the translation for data exchange may not be as

straightforward as the proposeg document seéms to suggest. Loss of

information may be the mediating factor.!'3?

%2 It is interesting to note that Topographic Survey have their own
system (correlation tables) for digital encoding and retrieval and
the onus is put on the user to develop, in house, correlation tables
to meet one's reespective interests and requirements for ease of
access and retrieval of spatial data. This aspect of the proposed
CCSM classification requires further textual explanation and
gualification on the part of its designers.

183 1In comparing a set of features between the USGS, DMA, and Australian

classifications, one finds great difficulty in compatibility {(ie.

matching definitions and terms). There are-only approximately 60

features which can be translated directly from the Australian to the

Canadian classifjication and much fewer between-all four

classifications. Because of their terse descriptions, features like

a church, hospital, post-office, quarry, ruin, and sea-wall directly

translate. But even features like a road and/or a river are

~



associated with the concept of double coding, that is: 1) m%ny features,

109

Several weaknesses in.the impiementation of the ccsnltaxonomy-are

]

. ‘ !
.such as canneries, colleges, electrical power generating stations and

substations, factories, hospitals, jails, and mills, receive different

5—gi§it codes because they occur under the class of designated areas,

f’g;d {as point features) under some other class (typically buildings); 2)

the attributes associated with each of these features, frequently

receive different 3-digit attribute codes regardless of the fact that

they have'the exact same meaning; and 3) this double coding of identical

attributes extends throughout the whole CCSM classification everytime

some characteristic of a feature changes (for example, the attributes

asbestos, columbium, copper, feldspar, gold, iron ore, or lead and zinc,

associated with the feature 'mine' receive different’ attribute codes

depending .on whether the mine is an underground mine or an openipit

mine) .13+

A further weakness iIn implementation of the CCSM taxonomy is the

manner in which it has incorporated a whole gamut’ of items extracted

difficult to match exactly because of the modifying concepts which

_are fregquently attached as part of the feature itself.

154

List data structures are an important concept as are logically
ordered lists of features and geographic attributes. There could be
many lists, such as a symbol 1list, a temporal dimension list, an’
activity list, etc., all of which would go under the guise of
property lists. Several valid lists could operate in parallel, and
that implies that mechanisms to point relations between these lists
could be devised, perhaps expressed in the notation of Francois
Bouille as a hypergraph based data structure. Francois Bouille,
"Hypergraphs and Cartographic Data Structures: The HBDS System," ICA
9th International Conference on Cartography, College Park Maryland,
1978, pp. 1-1B. The important point 1s to ensure that the criteria
used in constructing these lists is consistent and entails the exact
definition of terms and highest possible data measurement levels.

e
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from the Standard Indﬁstrial Classification (S.1.C.).%% uUtilization of
the S.I.C. .should not be limited to the selection of an arbitrary set of

items, re-organized alphabetically, and implemented in a national

L

standard which claims to pave the flexibility to indotporate_new items
as the need arises. Thg items are there, acknowledge tneyAand faéilitate
their. use in the event that in the future, a merging bf the two
standards beéame a viable paft of ‘a-more detajled data collation
process. One extra coding digit wonld increase dramatically the utility
of the CCSM standard in this direction. This is not to say that the
integration of the S.I.C; is to be eésily accompligneq, or even that };\
should be integrated in the CCSX standard,.butvratner. if it is to bg
integrated, this fact should be referenced in tﬁe CCSM standard and a

T

mechanism should be devised to incorporate the S.I1.C. codes in their

[y

entirety, without destroying the order that the S.I.C. has struggled to

achieve.!’* This order is all but lost in the CCSH coding structure. The

possible 999 attribute codes per feature associated with the

483 gstandard Industrial Classification, Ottawa: Statistics Canada,

Standards Division, 1980. The highest level of aggregation in the
S.I.C. is the division. Each division represents a broad group of
economic activity {(agriculture, forestry, mining, manufacturing, -
etc.) arranged into major groups {(2-digit level), industrial groups
{(3-digit level), and industry class (4-digit level) on the criteria
of - economic activity or type of product produced (ie. "groups of
producing units ‘engaged in 51mllar types of act1v1ty in relation to
similar goods and services").

3¢ For a brief discussion of some of the problems associated with

mixing classification systems, see for instance: albert Z.
Guttenberg, "Review Article - Land Use Information: A Critical
Survey of U.S. Statistics Including Possibilities for Greater
Uniformity," by Marion Clawson and Charles L. Stewart, Journal of
the American Institute of Planners 33 (Jan. 1967):59-60; Public "
Administration Service, Land Use Classification Manual, The Land
Classification Advisory Committee of the Detroit Metropeolitan Area,

Chicageo, Illinois, 1962. /,\\\\

S
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'flexibilitf"of the CCSM Etandard, although technically corréct, is
1ogica11y'falsef .

The advantages of parameter coding for'facilitating.data
relationsnipé (éoinqident coding, multiple feature coding, and attributet_
lists) and integration (with existing classifications) wefe identified
in the USGS, DMA, énd Australian systéms, yet Canada's propose&
classifiEEtipn contains'onlylé parameter codes 001 (abandoned), and 999
(;ther). The possibility of providing, or at least facilitating these
strengthslinto the CCSM National étandard should bérfurther-explored. In

the USGS system for instance, parameter coding ties in boundaries with

the Federal Information Processing Standards (FIPS) at the two and three

digit level by two parameter codes. Could noﬁ the proposed CCSM
standaré link up with tne'Standard Geographical Classification in a
similar fashion?‘The Canadifn Hyérographic Service shares a considerable
overlap with NTS mapping aloné the coastal zone. A facility was provided
py the DMA standard to integraté data needs. A basic foundation of
cartographic features could be provided by colliating aii the features

found on topographic and hydreographic charts.

4.6.1.6 The Concept of Scale Independence
The proposed CCSM classification could be implemented regardless
of its capability and utility to facilitate derived generalization. This
is not to say how the proce ‘derived generalization' can be
accommodated in the proposed standard, rather it is to say that derived

generalization is a very important concept. If the classifidation is

intended to be scale-independent, what specifications are incorporated
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that ensure adequate cartographic rebresentatién ét various scalés& AT
scalé—indepe?dént clés;ification (universality) is an imﬁortant concepé.
Probiems wﬁi@njmay arise concerning its-usage'for deriyed mappiné and
feature depittion (as repofteQain the OS system) have been ignored in
the GCSH,cla%sification. These problems are impdrﬁant_gnd at least
should be id%ntified for they may provide the necessary fouﬁdation forJ

the second phaée of -cartographig feature code development once the bhasic -

feature classification has been designed. ol

4.6.2 Summary of The CCSM Classification

The proposed CCSM topographic feature clas;ifigation was designed
for the 'specific purpose of providihg a dﬁiform (ie.'flexiﬁle,
inclusive, and open-ended) general purpose classification to facilitate
the efficient stofége, retrieval, and'exchahgé of digitél map data for
use by federal; provincial, and municipal levels of government, the -’
universities and the private sector. Co-requisiteh;kth the need to
eliminate the expensive duplication between digital mapping
organizations, the standard was constructed under the preéedenﬁ that
"...digital data are digital data, scale-independent ang ébmpletely»
independent of any cartograﬁhic purpose, coliated to provide fundamental

-
measurement. The data associated with the CCSM standard are positional

-

data. No concepts of generalization are considered because this is not

the purpose of the data.m®?’

'#7 Interview with Dr. J. M. Zarzycki, Head of Development Section,
Surveys and Mapping, Ottawa, August 11, 1983.

,
x A -
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The CCSM classification is a geographic classification of a largg
number of real world features'and their propertieé, whicﬁ, despite.its‘l
many snoft-comings, could be viewed as the most comprehensive
) gébgraphical:feature classification system in the worid'today. No -’
classification will be perfect for all situations, but several of thé
short-comings pf the CCSM sﬁandard, because of their'importance,'have
been briefly pointed out.

The major édvéntage of the Cahadian draft of topographic features
is that it has provided a solld foundaticn of basic topographic features
for a national standard. This basis could be expanded by integrating the
strengths delineated frpm‘analysis of the five other coding systéms.'
This fouqdation of basic geographic features for a nationalldigital data
base would then be even stronger. Developmént should occur‘pr&or to any
assignment of cddes_and symbols and should be based on sound theoretical

principles.
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. Chapter V

SUMMARY

The purpose of this thesls was to documeqt in detail the scope
and breadth of the topographic feaéure coding problem. In, particular, it
- has identified important aspects of this subject by calling attention to
the numerous pitfails associated with a precipitous apbroach. Six
topographichfeat%re classifications have Seen examined in this research
and several non-trivial problems have been identified with each. Placing
the feature coding problem within the context of digital mapping as a
whole, it is féir to say that improvements to any of these systems can
be directly associated with "attempts to reduce the cost of the system,
lautomate more stages of the system, stimulate and encourage the use of
Aiéital daté with subseéuent long-term benefits to the nation, 'work
£oward§ a scale-free data base, improve the source, reliabi;ity and
information content of the data base and re;cn ;ut to the widest
possible networks of usérs."ff'

‘ Clearly, a sound theoretical perspective on the feature.codiqé
problem requires é continuum of dedicated research activities. This
entails not only a stimulated intellectual process concerning logic and
classification, but the integration of the former with a series of

continual pilot projects in the field of interactive graphics and

software development.

1%* Report of the Ordnance Survey Review Committee, "Digital Mapping,"
pPp. 73-83, and 176. Londeon: Her Majesty's Stationary Office, 1979.

1]
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‘These ideas are founded on several basic principlés:

l. topographic data, in digital form, provided. they are stored amd
‘encoded in appropriate ways, offer great potential for use with
other spatial data in computer-based manipulations;

2. we must not forget for a minute the great advantages digital
mapping has over conventional mapping, that is: "flexibility to.
produce maps regardless of scale and sheet boundaries; the
selection and display of features; the combination of digital
data with other digital networks; variation of map boundaries;
and the simultaneous. deletion, update anderevision of obsolete
data, base map informationiand any map derived from it;"!%* and
{ ‘ o . .

3. as McEwen and Calkins suggest, "the initial coding must contain
all the relatlonships necessary for automated plotting.mt¢?

5.1 CONCEPTUAL STRENGTHS - OF A CLASSIFICATION SYSTEM

Based on an analysis of the major issues surrounding the feature
coding problem, it is recommended that a genergl purpose tcbqgraphic
feature classificatign standard should pﬁpvide fgr or facilitate, at the
minimum (see Table 14 for a summary of these characteristics):

1. terseness and exactness in feature descriptien;
2. retrieval by cléss, cat;gory, feature -and/or attribute;

3. the use of ranging facilities in the identification of like
classes of features on the basis of the objects and/or their
properties; ’

4. the highest possible data measurement level; _ g

5. the capability to infinitely "insert features to the
classification as future requirements arise; and

6. parameter coding (integration of existing classifications,
multiple. geographic descriptors, and coincident codingj.

15% jdem, 1979; J. G. Linders, "Computer Technology in Cartography.,”
International Yearbook of Cartography 13 (1873):89-80;

1é¢o McEwen and Calkins, 1981.
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TABLE 14

B Comparison of Six Major Classification"Systems for
Topographic Data Bases

SELECTED CHARACTERISTIC

SYSTEM
X ST R R DM I 1 | xp|cc
E E A AE N N UE | 0O
. R T N T A s T LS| ID
S R G AS E E TCc | NI
______,,ﬁ#’///d E I I vl R ¢ |[tr|cwN
N E N R T R PI|IG
E v G E 1 A LP|D
S A M o} T ET | E
S L E N I o N
N 0 R| T
T N s
U.S.G.S. 2 2 2 3 3 3 2 3
- L N
D.H.A. 2 2 1 1 1 3 3 1,
AUSTRALIAN, 2 2 2 2 1 3 2 1
ORDNANCE SURVEY| 2 1 1 1 1 1 1 1
C.H.S. 2 1 1 i 2 1 1 1
”
C.C.S.M. 2 2 1 1 2 1 LR A §

NOTES: Systems are ranked as they compare to each other.

1 - LOW
2 — MEDIUM
3 - HIGH




- s | | ,11'1‘
These reqommendatidﬁslshould-bg iﬁcorporated in any national standafd;
if the standard is to represent the forefront of feséércn in automated
cartdgraphy, a fundamental and necessary,requiéite in preparing users of
digital spatial-data for the many probiems and challenges which the
future holds. )

It is fé?r go say that there is an enormous amou%t of research
relating to the feature coding problem whién remains to be done. lThe
intractability of the problem is only presently being realiied. Simple
solutions té some non-trivial problems are only scratching the,sﬁrface
of deeper issues. The different approéches'ﬁo the feature
classlfications analysed in this researéh have in large part been a

’ /
respense to specific mandates intended to meet internal data processing
needs. The net éffect of this from a global perspective, is that
"everybody is building their own Aata dictionaries.mw¢?
Analysis of these systems has illustirated ‘some simple and

recurring errors in feature classification, such as:

1. the assignment of 'unique' codes (double coding) for the same
features and attributes;

2. the mixing of levels of the classification where features are
coded as both features and attributes; and

3. the reduction of data measurement level, commonly occurring
through the lack of explicit metric dimensions and the
alphabetical arrangement of features and feature attributes.

\
t41 For a discussion of this theme, see for example: The

Interministerial Committee on Geographical Referencing, Proceedings
of the Seminar on Land Related Information Systems:
Municipal/Provincial Integration, Ministry of Natural Resources,
Government of Ontario, 1983.

H
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' The solution to bigger problems, such' as more efficient

approaches to data claésification, requires dedicated research and

development. Careful and sensible ordering of both feature and attribute

lists would serve as a beginning. An efficient classification would

.

facilitate many, if not all possible relationships.

E

If the features ‘and their attributes are mutually exclusive:s of

one another, both within classes and between them, every possible
]

relationship 6f.the encoded data. to be-investigated is facilitéted: In
the proposed Canadian standard, only those relationships that are
established "a priori" can be invegtigated. The DMA cataleg, although
inherently hierarchical, provides evidence of the feasibility of

1l

integrating relational aspects and the potential that an integrated

apgroacn could operationalize. The advantages of an integrated approaﬁh
should be thoroughly investigated. The need for flexibilit§ such aé_tnat
afforded by the assigning of multiple attributes, or that entailed in
the concept of multﬂgdimensional arrays demands a high price in the
initial efforts required in the establishment of a classification
syst;m, but may well be worth the rewards in. terms of the long term
viability: of the data base.

—

5.1.1 Guidelines for Development (ﬂ,/

|
The provision of some definitive ideas on how to solve the

problem of adopting a uniform classification of topographi&\fgatures for
the exchange of digital spatial data point te two distinct procedures:
1) the ocrdering of information (be it through logical division and/or

classification); and 2} the coding to facilitate its practical usage.
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5:1.1.1 Inventory - | | .
,Comprehensivé‘fegture lists shouid be constructed on the pasés of
'‘pure data series'. This “factor élone;will inflhence greatiy what can‘
énd cannot be done in the way of software develépment and data.base
construction. After compiling a iigt,of-all the features £6 be
representéd in a.classification syétem. Yone must Aefine the unibn of
attributes for each set of common features,™!¢? with the goal of

achieving the highest level of numeric ordering (measurement scale) .

possible in an attempt to model- and preserve any existing order. The

implementation and facilitation of combinations of attribute values to
identify precisely the attribute descriptors will result in such a

classifiqation. ' ¥

5.1.1.2 Insertion ;
. ‘\\\

The capability to fécilitate change in a classification is often
dominated by the constraints of aﬁ arbitrarily imposea'coding structure.
It is reasonable enough to admit that the only ﬁruly exhaustive
classification system is the alphabetical arrangement and any other
organizational criteria, although less arbit;ary and attempting to be
more meaningful, ;ut restrictions on flexibility and expansibility ¥f
they are not logically and uniformly applied. The CCSM classification
is constructed on logical principles but it.is necessary to copstruct a
complete dictionary of features‘based on uniform criteria before getting

into the coding problem, if the best approximation of the ideal system

is ever to be realized. The application of a coding structure prior to

-

1é2 Richard L. Vitek, "Data Base Requirements For Geographic Mapping,”
1980, p. 2.
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aénieving.the 'best approximation®' or even a reasonable resemblanée £ie§
the system into degrees of inflexibility, and one is left struggling
with a flexible code, whei‘the first process requires a flexiblé
classification; Once Ehe.best approximation is established, we should

realize that an? coding system, in its ideal form, would allow nothing

less than the exhaustiveness permitted by the alphabetical ordering of

words. A toepographic feature classification system should facilitate

the capability Yo insert on the least significant digit of a code. If
we allow for the addition of lesser signifiéant'digits. it is poss&blé
to insert, basically infinitely. This idea is utilized in, for example,
the Wylbur editing sys;em, and for upwards compatibility of resolution,

with the Telidon system.

5.1.1;3 Parametér Coding

Parameter coding, as the name implies, concerns the

implementation‘in_the coding structure of a logical association which
allows the ceodes to acquire épeciél meanings. In the general sense this
allows measurable gquantities to be'assigned to somé characteristic of a
feature, the characteristic being identified by one or more parameter
digits.\Relational flegibility is acquired through this chiﬁg because
vthe parameters, identified through the classing mechanism, are being
constantly moved around. Two spécial cases of parameter coding are
multiple feature coding and coincidence coding.

Multiple feature coding deals with the situation where more than

cne attribute (aspatial geographic description} is required to

accurately identify or describe a feature. We should avoid putting
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restrictions on the way attributes (descriptors) may interact and be

used to identﬁfyan object (feature). Two of the systems reviewed (the

0S5 -and the CgS) do not facilitate multiple feature coding at all. The

g

CCSM code.hmakes it very difficult, if not impossible.

///éoincidence coding deals_witn tﬁe problem of correctly Eagging a
feature code to a geometric'description which, for all logical‘purposes,
. & o
corresponds to two or more real world features. Ins:iad of enceding the
geometric dgécription (for example, a line) twice, a coincident feature
code(s) can be dpplied‘to the one geometric desgripéion. Poiygons (;n
the USGS 'system) use coincident codes to identify- corresponding
features, such as the portion of a woocdland surface“cover which is
coincident with swampland. Coincidence coding occurs also at a purely
graphic level, such as in large scale mapping, where a geometric
description of a feature has complete or partial significance with the

.

graphic representation of one or more other features (the 0S system).

Rules and/cr mechanisms should be supplied (they do exist in the USGS

System) to cover ceding of coincident features.

The rational for coincident coding is to achieve 'user-controlled
non~redundant' storage of coordinate data and calls for the ‘separate

storage of the geometric feature description recorded once from as many

aspatial descriptions that are required to identify as many features

. - ! 1
that the geometric description may be part of, or representative of.1%3

143 N, Bertschinger, Proceedings, 1975, pp. 199-220. For”in;tance} if a
coerdinate string belongs to a river as well as a border, the
attribute information of both features are stored, yvet the
coordinates need only be stored once.
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5.1.1.4  Separate Storage of Attribute Data

Attributes should be stored in a separate file and managed

separately from thé'geometric data; "Store non-spatial data
non-spatially keeping ﬁhe cartographic data in one format, and then with
a uﬁiqueiyey haﬁe the non-spatial poftiqn of the daﬁa base (the
éttribute data) referenced.”** This prinqiplg is in use by the CHS
Gomads System, the Canada Gepgrapﬂic Information System, is one of the ’

issues preéen;ly beiné addressed by the ACSM effort, and has been cited

extensively in the literature.?*?®

5.1.1.5 Ranging S

ﬁanging facilities are mosﬁ effiqientl? integrated inte a feature
coding system when we preserve the higher order achieved through our
classification effort. At. the feature level this allows retrieval of
1é§ically reléted groupg (ranges) of features (one advantage of the
Australian standard). Further, in the ideal system fedundancy should be
limited, not only as far as possible Foncerning duplication of features
and descriptors but also in the coding of these items. For instance, if

Lo

. every unifjue attribute receives a unique code, ranging across feature

-

classes on the basis of similar attributes is permitted.

¢4 Donna Puequet, -"Comparative Data Structures: Raster Versus Vector,”
Computer Assisted Cartography and Geographic Information Processing:
Hope and Realism, eds. D. H. Douglas and A. R. Boyle. Ottawa:
Canadian Cartographic Association 1982, p. 79.

For discussion of, see for example: Duane F. Marble and Donna J. |
Peuguet, "Computer Software for Spatial Data Handling: Current
Status and Future Development Needs," pp. 83-91, in Roger F.
Tomlinson, ed., Proceedings, I1.G.U. Commission (Moscow 1978) on
Geographical Data Sensing and Processing, 1977; Huéh M. Calkins,
"Information System Developments in North America," pp. 93-113, in
R. F. Tomlinson, ed., op. cit.



123

5.1.1.6 Dimensional Classification

The question is raised if it is necessary, or even desirable to

Y

structure a classification of geographical objects (reél worla féatures)
on the basis of their point, iine or area gpagial properties. Certainiy
- the value of'incorporating topological informatien in cartographic data
bases has been demonstrated to be more than worth the effort of doing
so.té¢ Howevef, research indicates ﬁhat the topdloéical médel may be
insufficient to guarantee the integrity and utility of 1argg
cartographic déﬁa béses.f" Cox, Aldred, and Rhind have suggested that
the dimensicnal classification of geographical objects on the ﬁasis of
points, 1ines and areas, although common and haying‘thg merit of 8
simplicity, "fails to provide a completely satisfactory framework for
. geographical data processing, in part because it implieslthat there are
three immutable, qualitatively different and unfelated classes of
pﬁenomena."

For the purpose of constructing a cléssification of geographic
features, the geometrically encoded data snoqld be se;f-defining witﬂ

respect to their area, point or lineal significance at the various

scales at which they will be utilized. It might be redundant, and in

1¢¢é¢ For discussion of the value of.incorpora;ing topological information

in cartographic data bases, see for example: Marvin White,
"Tribulations of Autcmated Cartography and How Mathematics Helps,"
Canadian National Committee for Auto-Carto Six, Automated
Cartography: International Perspectives on Achievements and
Challenges, B. Wellar, ed., Ottawa, Canada, 1983, vol. 1, pp.
408-418. ' ' B

i
d

1¢7 Nicholas J. Cox, Barry K. Aldred and David W. Rhind, "A Relational
Data Base System and a Proposal For a Geographical Data Type, ™
Geo-Proce551ng 1 (1980):217-229; Nicholas R. Chrisman, "The Role of
Quallty Information in the Long-Term Functioning of a Geographic
information System," Proceedings, Auto Carto Six, Ottawa, Canada,
1983, vol. 1, pp. 303-312.
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fact impose limitations on the relational utility of the data base to

attémpt otherwise. It is suggested that it is not necessary to structure

» F

a_ ‘geographic classification' of features on the basis of point, .line -

and areal dimensionality.

5.2 CO?CLUSIONS AND IMPLICATIONS FOR FURTHER RESEARCH

This thesis has provided: 1) a detailed documentation_of.the
scope and breadth of the topographic feature cbding problém; énd 2) a
ﬁimgly apd ;héught provoking overview and'analysis of six major
classifica£;on systems for topgérapnic data bases.

This reseafch is important because the whole questio; of
standardization in cartography is impbrtant. Traditional cartographers
have been primarily concerned with tné.standardization of map symbols.
Standards for digital cartography'requi;e new ﬁerspectives, which in
turn entail a éounq pnilosophical'aﬁd Tigﬁggglogiéal appmoach to the
problem of feature cléssification.

This entails theyefore, not just criticisms, but explanationé of
why and how mistakes ére'being made. Examination of _the problem has

N~—

. revealed that formation of and interaction within a continuing body of

]

individuals representing a spectrum of map making, map using, and
cartographic research disciplines is necessary if cartographic feature

classification is to find acceptance and be maintained. It is also
R

evident, as a companion finding, that resolution of the problenm is

dependent upon a scientifically valid context in which to pursue

research and applications initiatives.
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