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PREFACE

This report is the fourth in the series which discusses the work of the
National Committee for Digital Cartographic Data Standards. It contains
five papers which discuss the alternatives available to establish
digital cartographic data standards for the United States. The first
paper by Moellering provides an introduction and background to the
issues while the remaining papers by Edson and Moellering, Schmidt,
Chrisman, and Nyerges provide detailed discussions of the alternatives
for each Working Group. The Committee has organized a special session
of public hearings on these alternatives at the Spring Annual meetings
of the American Congress on Surveying and Mapping in Washington, D.C. on
Tuesday, March 13, 1984, 8:30 A.M.

This report represents the work of the Committee for the second year of
operation, that of examining the alternatives. We now invite public
comment on the alternatives as presented and discussed herein. Please
note that there are five sheets in the back of this report where one can
provide comments and opinions for the consideration of the Committee.
Please note that only written comments can be processed by the Committee
due to limited staff and resources. Please send all written comments to
the DCDS headquarters at the following address:

National Committee for Digital Cartographic Data Standards
Numerical Cartography Laboratory

158 Derby Hall

Ohio State University

Columbus, Ohio

U.S.A. 43210

Harold Moellering
Series Editor
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ALTERNATIVES AVAILABLE FOR THE DEVELOPMENT OF DIGITAL CARTOGRAPHIC
DATA STANDARDS: BACKGROUND AND INTRODUCTION

by

Prof. Harold Moellering
Numerical Cartography Laboratory
158 Derby Hall
Ohio State University
Columbus, Ohio
U.S.A. 43210

INTRODUCTION

In recent years there has been an increasing recognition of the need to
develop standards for digital cartography. To that end the National
Committee for Digital Cartographic Data Standards was founded and organ-
ized in January of 1982 by the author. 1In order to solve any scientific
problem in an efficient manner, one usually proceeds by specifying the
general form of the problem and then proceeds by becoming progressively
more specific. Digital cartographic data standards are no exception.
The general goals of the Committee are (Moellering, 1982):

To provide a professional forum for all involved, federal,
state and local public agencies, private industry, and
professional individuals to express their opinions, assess-
ments, and proposals concerning digital cartographic data
standards. After sufficient time for the formulation,
circulation, discussion, reformulation and comment, these
proposed standards will be submitted to the U.S. Bureau

of Standards to become national digital cartographic data
standards.

The primary tasks of the Committee are as follows:

1. To examine and define the scope of these standards
efforts in more detail;

2. To define the number, scope, and goals of Working
Groups and to appoint the groups;



The Committee is organized as shown in Figure 1 into a Steering Committee,

To define general policy for the orderly examination,
discussion, and adoption of the standards proposed by
Working Groups;

To establish liaison with all interested Government
agencies, private companies, academic institutions,
professional societies, and groups responsible for
standards in the major neighboring technical areas;

To issue periodic reports from Working Groups and the
Committee in general; and

To submit to the U.S. Bureau of Standards the final
proposed standards.

COMMITTEE ORGANIZATION

Steering Committee with

members from

1) Federal,

State and

Local Agencies
2) Private Enterprise
3) University Community

Liaison with
professional
individuals
and societies

W. G.
Data

I.

W.Go IIo w' G' III‘ Wo G. IV.
Data Set Cartographic | |Terms and
Organization| Quality Features Definitions
]

FIGURE 1. ORGANIZATION OF THE NATIONAL COMMITTEE FOR
DIGITAL CARTOGRAPHIC DATA STANDARDS




four Working Groups (WG) and an Executive Committee. The membership of
the Steering Committee is composed of the Chairman and eleven well
known figures from the field of cartography. One should note that these
individuals come from all three major segments of the profession:
Federal, State and local agencies, the private sector, and academe.

This mix of individuals was chosen very carefully in order to produce a
reasonable balance of members from all of these three major areas of
cartography.

The duties of the Steering Committee are to act as a policy review and
formulation body. This body originally defined the Working Groups, their
general scope, and goals. The Steering Committee continues to monitor
the work of the WGs in order to insure that the efforts of the WGs
systematically cover the area of their responsibility and to assure that
no unnecessary overlaps or underlaps of effort occurs between WGs.

The Working Groups are the units where the bulk of the actual effort of
the Committee takes place. The four WGs have been in operation for a

year and a half: WG I, Data Organization; WG II, Data Set Quality;

WG III Cartographic Features; WG IV, Terms and Definitions. The mem-

bers of the WGs have been chosen with equal care for their expertness

in the area in which the WG operates, while at the same time an effort

has been made to maintain the overall balance between the three major
constituencies of the profession. The WGs are examining the topics within
their purview in great depth and are developing a great deal of insight
into these topics.

The Executive Committee is a group composed of the Chairman and Vice
Chairman of the Committee and the WG Chairs and Vice Chairs. This group
manages the day to day operations of the Committee and its Working Groups
and provides the organizational leadership for this standards effort.

The membership of the Committee is as follows:

Chairman: Prof. Harold Moellering, Ohio State University

Vice Chairman: Mr. Lawrence Fritz, National Ocean Service

Members of the Steering Committee:

Mr. Lawrence Fritz, National Ocean Service

Mr. Dennis Franklin, Defense Mapping Agency

Mr. Robert Edwards, Oak Ridge National Laboratory
Dr. Tim Nyerges, GeoSystems Software Inc.

Mr. Jack Dangermond, Environmental Systems Research Institute
Dr. John Davis, Kansas Geological Survey

Dr. Paula Hagan, Wang Laboratories

Prof. A.R. Boyle, University of Saskatchewan
Prof. Waldo Tobler, University of California
Prof. Dean Merchant, Ohio State University

Prof. Hugh Calkins, SUNY Buffalo



Working Group I, Data Organization

Dr. Tim Nyerges, GeoSystems Software Inc., Chair
Dr. Donna Peuquet, Univ. of California, Vice Chair
Mr. Fred Billingsley, Jet Propoulsion Laboratory
Mr. William Liles, Technology Service Corp.

Mr. Robin Fegeas, Geological Survey

Mr. Davie Pendleton, National Ocean Service

Mr. Dan Rusco, Defense Mapping Agency

Prof. Ray Boyle, Univ. of Saskatchewan

Mr. Robert Edwards, Oak Ridge National Labs.

Working Group II, Data Set Quality

Prof. Nick Chrisman, Univ. of Wisconsin, Chair

Mr. Charles Poeppelmeier, Defense Mapping Agency, Vice Chair
Dr. John Davis, Kansas Geological Survey

Prof. Dean Merchant, Ohio State University

Mr. Fred Broome, Census Bureau

Mr. George Rosenfield, Geological Survey

Mr. George Johnson, National Ocean Service

Mr. Wallace Crisco, Bureau of Land Management

Mr. John Stout, Petroleum Information Inc.

Working Group III, Cartographic Features

Mr. Warren Schmidt, Rand McNally & Co., Chair

Prof. Robert Rugg, Virginia Commonwealth Univ., Vice Chair
Dr. Joel Morrison, Geological Survey

Mr. Robert Jacober, U.S. Air Force

Mr. Richard Hogan, National Ocean Service

Dr. Beth Driver, Technology Service Corp.

Mr. Fred Tamm-Daniels, Tennessee Valley Authority

Ms. Mary Clawson, ITT Research Institute

Working Group IV, Terms and Definitijons

Mr. Dean Edson, E-Quad Systems, Co-chairman

Prof. Harold Moellering, Ohio State University, Co-chairman
Mr. Erich Frey, National Ocean Service, Vice Chair

Prof. Hugh Calkins, SUNY Buffalo, link to WG I

Mr. Frank Beck, Geological Survey, link to WG II

Prof. Mark Monmonier, Syracuse University, Link to WG ITI

Observers:

Mr. Ben Ramey, Geological Survey

Mr. Lowell Starr, Geological Survey
Mr. Henry Tom, Bureau of Standards
Mr. Roy Saltman, Bureau of Standards



Ex Officio:

Mr. Walter Robillard, President, American Congress on Surveying
and Mapping

Mr. R. Anthony Novotny Jr., President, American Cartographic Assn.

Mr. John Uehlinger, Executive Director, American Congress on
Surveying and Mapping

CONCEPTUAL BACKGROUND AND
GENERAL TASKS OF THE COMMITTEE

The conceptual background for this effort has been defined in detail in

an article in NCDCDS Committee Report No. 1 (Moellering, 1982) but shall

be briefly summarized here. The conceptual milieu in which the committee

is operating has also expanded dramatically in recent years as noted in

the earlier paper. The concepts of real and virtual maps greatly clarify

the situation of the new digital cartographic products and how they relate

to the more conventional products (Moellering, 1980). Transformations be-
tween real virtual maps define most important operations in cartography and
have been an interesting concept for the design of modern cartographic sys-
tems. Nyerges (1980) has devised the notions of deep and surface structure
as they apply to cartographic information and has shown that surface struc-
ture representations of cartographic information are real and virtual type

I maps while cartographic deep structure is usually represented in the digi-
tal domain by type III virtual maps. It is also possible to look at these
standards efforts in terms of deep and surface structure. Surface structure
is the graphic representation of cartographic information such as a convent-
ional map or CRT display. Over the years many principles have been defined
for cartographic design which must be followed if one is to have an effective
map. However, the deep structure, that area of spatial relationships between
cartographic elements of cartographic information which are not graphic, is
where much of the digital information resides which is stored in modern carto-
graphic data bases. 1In essence, the primary task of this committee is to bring
conceptual order to the area of deep structure in digital cartography.

The question mnow becomes one of how a Committee such as this can help to bring
conceptual order to the area of deep structure in digital cartography. Early
meetings of the Steering Committee in the Spring of 1982 revealed that one of
the most pressing problems in digital cartography is that which arises when

one endeavors to use a data base that was developed, compiled and built by an
organization other than one's own. The problem is that to a very large extent
such data bases are incompatible with one another. Such incompatibilities
arise for several reasons:

1. the inherent nature of the information being captured
is different (e.g. topological data vs. geometry only),

2. the data models, data structure and data organizations
being used are different,

3. the quality of the data varies widely and in many
instances is not even assessed,

4. many definitions for cartographic features conflict
with each other which means that the feature codes
do it,
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5. the terms and definitions being used in all of the
instances above are used in widely varying ways which
are usually inconsistent

Although one cannot directly change situation 1), it is feasible to do
something about the next four. It is because these are major problems
facing the field that the Steering Committee defined the four Working
Groups as they now stand.

At this point, it is useful to point out some things that the Committee

is not doing. The Committee is not doing any work in cartographic
communication. A lot of research has been conducted on this topic in

the past, and the general principles of map design and communication are
reasonably well understood, although a comprehensive work beinging these
findings together in a systematic manner has yet to be written. A second
area in which the Committee is not becoming involved is that of cartographic
hardware. Although at the outset it might appear that this area should be
examined by the Committee, the nature of proprietary rights precludes it.

THE WORKING GROUPS

The Working Groups as originally defined have been following a set of basic
goals:

1. To assess the state of current knowledge and under-
standing in the technical area,

2. Define any gaps in such knowledge and understanding
necessary to specify digital cartographic standards
in that area,

3. To invite presentations and opinions from all interested
parties relating to the standards area,

4. To prepare technical working papers of their deliberations
and discussions.

These first two stages of the work have concerned the specifying of the

issues and gaps in our knowledge, and specifying possible alternative
solutions for standards. The general tasks for the WGs are as follows:

I. Working Group on Data Organization

1. Examine cartographic data models
2. Examine cartographic data structure
3. Examine cartographic data interchange



II. Working Group on Data Set Quality

Fidelity of graphical data, metric and topological
Coding reliability

Update and other temporal information

Lineage of a data set

Checking procedures used by the producer to verify
quality

L WwWwN -

I1I. Working Group on Cartographic Features

1. Define feature classes
2. Define structure and levels of classes
3. Define feature codes

IV. Working Group on Terms and Definitions

1. Collect new terms defined by working groups
2. Define other new terms

More recent efforts by the WGs have refined the original statement and
the following is a brief summary of the current direction of progress

being made by each WG and tasks for the coming year.

Working Group on Data Organization

The scope and goals of WG I are to identify problems in cartographic data
interchange and their consequences at the operational and conceptual levels.
The work has concentrated on existing data bases and data models with an
emphasis on high speed transfer of, and the possibility of homeomorphisms
between, large data bases. The WG has been identifying terminology and
definitions of terms currently being used in the area.

The current work of this group has revealed that it is not feasible to try

to specify a single format for data exchange because the cartographic data
world is far more complex than that, especially of one considers both vector
and raster structures. Rather the movements has been in the direction of

some kind of "family of formats'" approach. Two major alternatives are 1)
developing a superstructure which contains a small number of defined formats
which can handle most kinds of cartographic data structures, or 2) to pursue

a Data Description Language (DDL) which is standardized and in its turn defines
the data format in hand. In the next year the major challenge will be to make
some difficult choices from these two different approaches in order to define
an interim standard.

Working Group on Data Set Quality

When one receives a data set from some source other than one's own organ-
ization, in most cases, there are a lot of questions about data set quality
which are not easily answered. For example, it is not usually known what

the original data source(s) was and what scale(s) the data were gathered.

It is usually not known what the original coordinate system was and to what
ellipsoid they were associated. The error rates for the coding of substantive



dataare usually not specified, nor does one know if this data set has

ever been updated. There are many attributes of a data set which should
be made known to the prospective user of that data set which seem to fall
into five basic categories: fidelity of graphical data, metric and topo-
logical; coding reliability; update and other temporal information; lineage
of a data set; and checking procedures used by the producer to verify
quality. This sort of information would be very informative to the user
and indeed be very helpful in deciding whether a particular data set could
successfully be used for a particular purpose.

The Working Groups has not specified the basic categories of information
which should be provided to the potential user and has also examined
alternative methods for specifying these mathematically and logically.
In the next year the task is now to choose the most effective approach
and to write them up in a tight and logically understandable statement
of interim standards.

Working Group on Cartographic Features

The fundamental challenge of the Group is to harmonize the feature defini-
tions and coding schemes used by the major agencies in cartography. The
current work of the group indicates that such a scheme should probably be
scale independent, not directly tied to any fixed data model, but rather
to a more flexible schema, attributes should be allowed to be multiple
and accurately describe the feature characteristics. The group has also
been collecting substantive definitions of the features themselves. The
work for the coming year involves gathering together a comprehensive list
of such definitions and subsequently making choices of the preferable
definition that produces the best coverage for the entire set of defini-
tions chosen for an interim standard.

Working Group on Terms and Definitions

These efforts have unearthed terms and definitions which have not been
defined in a way which is universally acceptable. Although a fair amount
of work had already been expended in producing the International Carto-
graphic Association glossaries of terms and definitions, there are many
terms in numerical and analytical cartography which are being used in
this effort which have not been previously concisely defined. A system
has now been devised to effectively handle the terms generated by the
other Working Groups and a method for processing comments concerning the
definition of these terms is in operatiom.

A second task has involved an attempt to bring order to the terms used for
cartographic objects. An analysis of the alternative strategies has been
conducted and is currently being extended. The task for the coming year
is to make the difficult choices that best reflect the meanings of the
terms used and of the cartographic objects recognized in such a way that
they harmonize with those used in other disciplines.



OTHER STANDARDS EFFORTS IN CARTOGRAPHY

It turns out that there are several other efforts underway in various
parts of the world to develop digital cartographic data standards. The
motivation for these efforts is essentially the same as for the NCDCDS,
that of reducing the complications produced when utilizing data bases
obtained from other organizations. They will be discussed in the rough
order that they were founded, Australia, Canada, United States, United
Kingdom, and the International Hydrographic Organization. It can be
anticipated that more such groups will be founded elsewhere in the world
in the future.

Australia

The Standards Association of Australia (1981) published a standard for

the interchange of feature coded cartographic data. It was developed

by the Institute in cooperation with more than 20 organization as parti-
cipants. As such the standard specified coding methods and data structures
for features on maps and charts.

Canada

In April of 1982 the Canadian Council on Surveying and Mapping (1982)
issued a three volume draft report which presents proposed standards

for topographic features, quality evaluation of topographic data, and
EDP standards for that data. The drafts are under discussion at the

present time.

United States

As the reader may be aware, a Federal Inter-Agency Coordinating Committee
on Digital Cartography has been formed during the past year. It was formed
as a result of a report by the General Accounting Office (1982) on dupli-
cative efforts in the Federal agencies in digital cartography, and a man-
date from the Federal Office of Management and Budget (1983). Although

the Committee is still in the early stages of formation, five subgroups
have been formed, one of which is concerned with standards. The remain-
ing groups cover other topics.

Although the Federal Committee is primarily interested in cartographic
activities in the Federal sector while the NCDCDS is concerned with carto-
graphic activities in the entire profession at a more general scale, there
are several areas of common interest. These areas are currently being
explored and methods of cooperation and coordination between the two
committees are being examined. Fruitful results are anticipated.

STANDARDS WORK IN COGNATE AREAS

Although almost all of the activities of the Committee have been focussed
on the cartographic body of knowledge, there are standards efforts going
on in a number of cognate areas that are related to cartography. From
that point of view it is important that the Committee remains informed of



the standards activities in such areas. Figure 2 shows a schematic diagram

Geographic Information Systems

and Land Information Systems

Remote Sensing Digital Cartographic Geodetic Surveying
and Photogrammetry Data Standards and Land Surveying
Computer
Graphics
and CAD/CAM

FIGURE 2. COGNATE AREAS WHICH INTERFACE TO DIGITAL
CARTOGRAPHIC DATA STANDARDS

of the cognate areas for cartography. In each area standards efforts are
either going on now, or have taken place in the past. It is clear that
the development of digital cartographic data should not take place in iso-
lation. Therefore efforts have been going forth to establish liaison
relationships with other professional organizations which play a cognate
role in relation to digital cartography. Naturally, it is also important
that such areas are kept informed of recent developments occurring in
digital cartography.

FUTURE WORK
The DCDS Committee is now wrapping up the second cycle of work on exam-

ining the alternatives. This report presents the work of the Committee.
The final step for this cycle is to obtain comments from the cartographic
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profession on this work and the alternatives. All members of the carto-
graphic community are invited to participate in this process by sending
their written comments to the Committee. Standardized comment forms are
found at the back of this report. Please send all written comments to:

Natjional Committee for Digital Cartographic Data Standards
Numerical Cartography Laboratory

158 Derby Hall

Ohio State University

Columbus, Ohio

U.S.A. 43210

As part of this process of gathering comments from the profession, a special
all day session is being planned for the 1984 ACSM meetings in Washington,
D.C. where public hearings will be held.

At the Spring ACSM meetings the Committee will begin work on the third
cycle, that of developing a proposed interim standard. In the work of the
third year the Committee will carefully considered the comments received
from the cartographic community while weighing the merits of various alter-
natives as the Committee moves towards making a decision for the interim
proposed standard.

SUMMARY AND CONCLUSIONS

The committee is now in the final stages of the second cycle of examining
the alternatives for digital cartographic data standards, with only the
public comment and discussion remaining. The Committee will then move to
the third cycle, that of developing an interim proposed standard.
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DIGITAL CARTOGRAPHIC DATA STANDARDS:
ALTERNATIVES IN TERMS AND DEFINITIONS
A Progress Report
Work Group IV, NCDCDS

Part 1: Proceedural Alternatives
Prepared by Dean T. Edson

Part 2: The Definition of Fundamental Cartographic Objects
Prepared by Harold Moellering
WORK GROUP IV MEMBERSHIP

Mr. Dean T. Edson, Co-chairman
E-Quad Associates, Placerville, CA

Prof. Harold Moellering, Co-chairman
Ohio State University, Columbus OH

Mr. Erich Frey, Vice Chairman
National Ocean Survey, Rockville, MD

Mr. Frank Beck
U.S.Geological Survey, Reston, VA

Prof. Mark Monmonier
Syracuse University, Syracuse NY

Prof. Hugh Calkins
SUNY, Buffalo, NY

PART 1

PROCEDURAL ALTERNATIVES
Introduction

The primary problem facing the Terms Work Group was, is, and will remain
the detection and resolution of confused communication due to terminology
problems. It is axiomatic that the basis of communication is (1) the idea
and (2) a common understanding of the language used to convey the idea.

Over the past two decades, the profession has become familiar with a new
"word-of-mouth" or system specific vocabulary, and as we babble on and on,
has sometimes contributed more to confusion than understanding. The real
culprit is the accelerated growth of the technology on multiple fronts.
Here, changes in syntax and idiom have followed this growth, and even when
we start from an established, well-understood cartographic or mathematical
root, we end up not "really" understanding one another.

There is a requirement, therefore, as we proceed with the task of de-
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fining standards, that we concurrently re-examine the entire vocabu]gry,
compare existing terms with usage in the existing literature and consider
each term for suitability in the conveyance of understanding.

This report on alternatives is presented in two distinct segments. The
first segment covers the procedural alternative of the terms and defini-
tions task with an eye on public involvement. The second segment focuses on
the major terms problem related to the definitions of fundamental carto-
graphic object. In this section we have attempted to present the concensus
of term usage based on the profession, as a whole, through a thorough
search of recent literature, discussions within the entire DCDS Committee,
and a profound awareness of the volatility of the alternatives presented.

In view of the underlying critical nature of the Terms and Definition
task, our work will continue to proceed in concert with the other Work
Groups. The tune, we hope, will catch on.

Collecting and Validating Terms

The overall approach to be used in collecting appropriate terms and
definitions consists of two channels from the other Work Groups to the
Terms and Definitions Group.

The first channel is the members of WG 4 assigned to monitor each of the
other three work groups. The monitoring process consists of personally
attending work group sessions and reviewing appropriate Continuum state-
ments, draft reports from the work groups, and recent technical Tliterature
referenced in the Committee's bibliography.

Work Group 4 member monitor assignments are as follows:

Work Group , W.G.4 Monitor

1. Data Organization Prof. Hugh Calkins
2. Data Quality Mr. Frank Beck

3. Data Features Prof. Mark Monmonier

These monitor assignments have been operational since the Committee
sessions in Salt Lake City.

The second channel consists of terms and definitions suggested by indivi-
dual Work Group members through their Work Group chairman.

The terms collection method is not rigid. It provides a reasonable way of
insuring that questionable terminology be addressed and when appropriately
defined, placed in a Public Comment Glossary.

Most of the suggested terms and definitions have been collected through
the Define Continuum of Cartnet. However, hand written notes and word of
mouth also have been helpful in channelling significant problems and useful
comment to the Terms and Definitions Group.

14



Definitions Procedures Using Cartnet

The basic requirement in collecting terms and proposing cefinitions will
be to present them for public comment in a format that will encourage
individual comment.

As a means of managing this task, three new continuums established as a
part of Cartnet are:

Define Continuum, used to receive terms or definitions proposed by
any member of the DCDS Committee. This continuum is available with
both read and write access and provides a general terms collections
point with no format rules but is reserved for terms and definitions
commentary.

Terms In-Process Continuum, used to display terms selected for defini-
tion along with all proposed or alternate definitions. This continuum
was established to operate as a read-only segment. Any comment at
this stage would be entered in the Define Continuum. Write access to
this continuum is reserved for use by members of the Terms Work Group.

Terms Defined, used to contain Terms and definitions which are ready
for viewing and comment outside the DCDS Committee. Text from this
continuum will be formated for hard- copy generation for both public
conment (draft format) and Proposed Standard Terms and Definitions
(published format). There again, the Define continuum is established
for read only except for members of the Terms Work Group.

Figure 1 graphically relates these continuums and the flow of term-
related information from the Work Group/monitor to a proposed Standard Tern
Glossary. As noted in this figure, we are currently using an off-1ine word
processor to create a temporary working link between the Define Continuum
and a Public- comment type document. We plan to implement a processing
link from the Define continuum through the word processor located at the
office of the Co-chairman (Dean Edson) and back to the Terms in-process
continuum. This return data link will be accomplished by an appropriate
modem and voice grade phone line. The off-line word processing capability
uses the C/PM based WordStar software.

As public comment finds its way back to the Terms Work Group, we will, as
a committee, distill, organize, and circulate these comments back through
the system starting with the Work Group IV monitor to each of the Work
Groups I, II and III.

Format for Public Comment Glossary

As a convenient means of presenting the preliminary results of DCDS
Committee's effort to provide a standard definition for a large number of
key terms, we will produce a public comment document based on the format
illustrated in figure 2. This format is intended to provide public comment
pages on which other DCDS participants can register their opinions and
insights.

Using this approach, each public comment page will be provided with blank
comment space and easy removal. The back of each page will be designed as
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a retusin envelope with folding instructions and a return address.
Glossary Distribution Alternatives

At the panel session held by DCDS Committee as part of the Fall ACSM-ASP
meeting in Salt Lake city, comments made during the question/answer period
suggested Terms and Definitions be made available to the public in machine
readable form, or by direct access from a computer based text system. We
plan to explore various methods of distributing both the Public Comment and
Standard versions of the Glossary. In its present form, the Public Comment
version is maintained on 54" floppy diskettes, which are easily duplicated
and mailed at a minimum cost.

Status of Terms and Definitions

As part of this progress report, we are including the contents of the
Term In-process file. Here, several terms and definitions are presented
in our proposed Public comment format. These pages are intended to display
the approach taken to obtain comment. They will be duplicated and greatly
expanded for our Public Comment Sessions to be held during the Annual ACSM-
ASP meeting in Washington, D.C. this coming spring.
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PROPOSED STANDARD TERMS AND DEFINITIONS

This column will contain
the complete term with
an explanation of acro-
nyms or other unusual
derivations.

DEFINITIONS

This column will contain the committee
approved definitons and will use an
underscore to identify a term used in the
definition which is self defined in this
glossary.

REFERENCE: This space will also contain any
meaningful comment which might clarify
source, usage, aliases or any unusual
characteristics.

Space for Comment

This is a proposed sample format for the preliminary publication of terms
where public comment is invited. Final format could be loose leaf, up-
datable paging. A1l records to be maintained using machine readable
media. (Initial files will be compiled using 5% floppy diskettes formated

using C/PM WordStar).

Figure 2.
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PART 2
THE DEFINITION OF FUNDAMENTAL CARTOGRAPHIC OBJECTS
Introduction

When one represents a spatial entity from the real world as an object in
a data structure, a wide variety of terms, many of which conflict in one
way or another, have been used to name those objects. Table 1 illustrates
the current situation of conflicting terms for fundamental cartographic
objects. (This table is based on the one originally presented by Anderson
and Calkins, (1982).)

GIRAS DLG CGIS POLYVRT Cook (1978)
TUSGS)  Tuses)  TCanada)  T{Harvard) 1C.S.1.R.0.)
0-D node node point node/point junction
1-D arc line face/edge chain line
2-D polygon area polygon polygon region

Table 1. Diverse Names for Similar Cartographic Objects

Anderson and Calkins note seven different terms that have been used to
describe "a line": arc, line, chain, segment, edge, face, link. Such terms
have been used to name objects which are essentially the same, but have
used different names, and also to name different objects with the same
name. (See, for example, a discussion from the Harvard proceedings, Anon.
(1978).) Upon careful reflection on this problem, it has become clear that
one of the primary sources of such different usage of these terms is the
diversity of backgrounds of the individuals in the field of cartography
itself. For example, many traditional cartographers are primarily interes-
ted in map production and other surface structure representations of such
cartographic information. This generally led individuals to lean very
heavily on geometry and associated coordinates, and hence most of the time
these individuals use the terminology from geometry. A second set of
individuals in the field has been more interested in analytical approaches
to cartographic information in terms of data organization requirements and
other deep structure approaches which depend on mathematical approaches
such as topology and graph theory. This approach brings with it a somewhat
gifferent point of view and, consequently, a different set of terminology
has been used. Although verbal clashes occurred at meetings a few years
ago, the sentiment which has developed in recent years has recognized the
need for both approaches. It is safe to say that most digital data work in
cartography currently uses concepts from geometry, topology and graph
theory.

The purpose of this paper is to harmonize the terms used for cartographic
objects into a compatible whole and at the same time to recognize the
diverse needs of cartographers in the area of geometry, topology and graph
theory. While most work today utilizes all three areas, one must also
provide terms for objects which can be used solely for geometric applica-
tions in cartography, or can be used solely for topological and graph
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theoretic applications in the field. In this discussion, a review of
primitive cartographic objects will be undertaken as well as a number of
simple and very commonly used objects which can be built up from the
primitive objects. More complex and compound cartographic objects can be
built up from the simple and primitive objects (See for example, Youngmann
(1978) or Nyerges (1980)), but will not be directly discussed here. How-
ever, consideration will be given to be sure that such compound and complex
cartographic objects can be successfully constructed from the simpler
objects defined.

For convenience, the discussion in the next section will begin with the
O-dimensional cartographic objects and will work through the 1- and 2-
dimensional objects. The goal is to produce a compatible set of names and
definitions for well understood cartographic objects. Three-dimensional
objects are much less well understood, and since this work is only attempt-
ing to sort out names and definitions of well understood objects, 3-dimen-
sional objects will not be discussed here.

As an alternative these objects could be discussed under the rubric of n-
cells (0-cell, 1-cell, 2-cell, etc.) from topology as presented by White
(1979). Here, as will be seen, some objects reflect only geometry and no
topology, so it is not clear whether the n-cell terminology applies in all
cases. Therefore, the n-cell terminology will not be used in the balance
of this discussion.

0-Dimensional Cartographic Objects
Punctiform cartographic objects are all primitive objects that cannot be
subdivided. However, one must be cognizant of both geometric and topologi-
cal applications in cartography.

Alternative 0-1

o point - A O-dimensional object that specifies geometric
location. A set of coordinates specifies the
location.

a‘g node - A O-dimensional object that acts as a topological

junction. No coordinates are associated with it.

1)(, nodal point - A O-dimensional object that is a topological
junction and specifies geometric location. A set of
coordinates specifies the location.

Alternative 0-2

* point - same as above

j&i node - same definition as nodal point above.
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Discussion

Since cartographic work can occur in three modes, geometry only, topology
only, and both combined, one possibility is that there could be three
classes of O-dimensional objects. This alternative explicitly defines
objects for all three kinds of work, although the term "nodal point" had to
be coined to resoive the question.

The second possibility is to have just two classes: geometry only and
topology with coordinates. The problem with this scheme is that carto-
graphers working only with topology, (see White and Griffen, 1979) do not
have a clearly defined object term that can be used for their work without
ambiguity. However, it is probably true that for a fairly large percentage
of cartographic applications the problem is not that severe.

1-Dimensional Cartographic Objects

Linear objects are bounded by and defined by O-dimensional objects. The
generic term for a l-dimensional object is that of a line. The question
now is just how that linear object is defined. It should be recognized at
the outset that continuous lines utilize discrete elements when processed
by digital systems.

Alternative 1-1

L a— line segment - A l-dimensional object that is a
straight line between two points. Used for
geometric drawing.

*—X link - A l-dimensional object that is a direct
connection between two nodes. Used for
topological analysis. Alias: edge.

—X arc - A directed link between two nodes.

'//\'/A\r" string - A series of line segments strung

together.

chain - A directed series of line segments strung
together with nodal points at each end of the

string. (See Alternative 0-1)

Note: Nﬁdal Points may also be used as the bounding points of arcs and
inks.
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Alternative 1-2

—t line segment - same as above

¥—X link - same as above

/\/——. string - same as above

¥—»K directed link - A link between two nodes with
direction specified.

36//\\\\'///\\\'/4ﬂﬁ chain - same as above. Alias term: arc.

Alternative 1-3

— line segment - same as above

He——3K link - same as above

'///k\\._,,. string - same as above

d—»XK directed link - same as alternative 1-2

a(//*\\"///%\\//‘i# chain - same as above, with no alias for arc

arc - a locus of points with a constant radius

Discussion

The definitions for the terms, segment, link, string, and chain are clear
cut with no adjustment required. Line segments are used for geometric
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applications while link are used for topological applications. A chain can
be used for both. The primary problem is associated with the term, arc.
The definition which takes historic precedence comes from Euclidean geome-
try as a locus of points which have a constant radius and has been used to
define an object in the CAD/CAM standards. The common usage in digital
cartography is with a topological object which has nothing to do with
curvature. However, the term is well enough entrenched in cartography as a
topological object that an effort has been made to utilize the term in a
way which is less ambiguous. Alternative 1-1 uses the term arc as a
directed topological 1ink, while Alternative 1-2 uses the term arc as an
alias for the term chain, a term which does not carry with it the
complicated historical baggage of the term arc, while Alternative 1-3 uses
it in a way that is consistent with the CAD/CAM usage. This question needs
full discussion in the profession.

2-Dimensional Cartographic Objects
Areal objects can be defined in two fundamental ways, one by building up
a simple object from 0- and l-dimensional objects, and the second by
recognizing a separate primitive called a pixel.

polygon - A 2-dimensional planar object that can be formed in
four ways:

1) area bounded by a sequence of points and
1ine segments with closure
4&:;;i::j:j[' 2) area bounded by a sequence of nodes and
1inks with closure

3) area bounded by a sequence of nodal
points and links with closure

4) area bounded by a chain (s) which have
closure

pixel - A picture element of an area on the ground in a
nondivisible measurement. An array of
pixels will form a regular tesselation

of a plane. Common shapes are quadrala-
terals and hexagons, although other

shapes are possible
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Discussion

The specification of 2-dimensional cartographic objects implies that they
are either polygons or pixels. Polygons have been defined in several ways
with different kinds of objects as shown in the definitions. One question
that ?rises is whether a polygon can really be defined with nodes that
contain no coordinates. The answer to that question is not clear at this
point. A second question that arises has to do with holes in 2-dimensional
objects. It has been argued that a hole, if it exists, is an integral part
of an areal object, but that the object should not have artificial cuts in
it (White, 1979). White referred to the work of Corbett (1979) which
relies on homology theory to solve the problem. The implications for
numerical cartography are not all that clear. It seems that holes in
cartographic objects constitute a gap in our knowledge. Both of these
questions need further discussion in the profession.

Summary of the Work on Cartographic Objects

It is clearly recognized that the current confusion in terminology for
cartographic objects has its origins in the diversity of the field itself.
This discussion is an attempt to devise a compatible set of terms for
cartographic objects which are internally harmonious and externally mesh
with the terms used in other fields. As is described by the alternatives
presented, this goal can be met in several ways. It is now up to the
profession to provide comments so that an efficient choice can be made.
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