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PREFACE

This report is the seventh in the series which describes the work of the
National Committee for Digital Cartographic Data Standards. It contains five
papers that describe the evaluation and testing of the Interim Proposed
Standard that has taken place between April, 1985 and March, 1986. The first
paper by Moellering describes the background information concerning this
evaluation and testing. The second paper by the same author discusses the
evaluation and testing of the cartographic objects along with several updates
of those objects. The third paper edited by Timothy Nyerges describes the
testing of the data exchange portion of the standard. This is perhaps the
most complicated facet of the work. The paper also provides a description of
the exchange modules as they are defined as of March, 1986. These exchange
modules are the heart of the data exchange standard. If any reader desires a
full length description of these exchange modules which will be ready in May
of 1986, please send a request to Professor Moellering at Columbus
headquarters and a copy will be sent to you. The fifth paper by Nicholas
Chrisman describes the testing of the data quality portion of the standard.
This section 1is perhaps the 1least changed of the four sections of the
standard. The fifth paper edited by Robert Rugg and Warren Schmidt sets forth
the testing of the cartographic features and provides a current listing of
them as of March, 1986.

The Committee would like to recognize the cooperation and participation of the
Standards Working Group of the Federal Interagency Coordinating Committee on
Digital Cartography, Mr. Gale TeSelle, Chairman. This Group has provided many
constructive comments and suggestions during the last two years. This Group
is also developing and testing the Federal Geographic Data Format which is one
of the three data exchange implementations.

It should be noted that this material is still in the process of being fully
developed and polished by the Committee. However, the Committee strongly felt
that the professional community should remain informed of the continuing work
of the Committee so that informed comments can be sent back to the Committee
while the work is still in progress. Comment forms are provided in the back
of the report if you desire to respond to this report. It should also be
noted that because this material is still being polished by the Committee,
this updated material has not yet been officially voted on by the Steering
Committee. That will take place again in August of 1986. However, the
Committee is interested in hearing your comments on the work contained herein.
Your comments would be most effective if they were returned to Columbus head-
quarters prior to June 20, 1986, so they can be properly distributed for
comment. However, comments can be sent to the Committee at any time. Please
send your comments to the Committee 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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1.0 INTRODUCING THE EVALUATION AND TESTING OF THE INTERIM PROPOSED STANDARD
by
Harold Moellering

The National Committee for Digital Cartographic Data Standards was founded in
1982 to develop standards that would facilitate the use and exchange of
digital cartographic data bases. The Committee operates under the auspices of
the American Congress on Surveying and Mapping, the umbrella organization for
the American Cartographic Association which 1s the premier cartographic
society in the United States. The original mandate for this work in
cartographic standards began with a memorandum of understanding between the
National Bureau of Standards and the U.S. Geological Survey to develop earth
science information standards. Subsequently, the mandate came from the
Geological Survey to the Committee to develop digital cartographic data
standards that will ultimately be proposed as Federal Information Processing
Standards (FIPS). For a more detailed discussion of the situation, please
refer to Section 1.0 of the supporting documentation of Report No. 6
(Moellering, 1985, pp. 45-48).

To date, the Committee has completed the first three cycles of work; the first
defining the issues involved, the second examining the alternatives, and the
third of developing the Interim Proposed Standard. For a review of this work,
please review Committee Reports No. 3, No. 4, and No. 6 (Moellering, 1983,
1984, 1985). This report discusses the work of the first year of the fourth
cycle, that of evaluating and empirically field testing the Interim Proposed
Standard. The findings and results from this work are being shared with the
cartographic profession at this time in an effort to keep everyone informed on
the progress in developing these standards, and to provide an opportunity for
members of the profession to comment on this body of work. The second year of
cycle four will include the reformulation and polishing of the current
standard that will be presented as the Proposed Standard in January of 1987.

1.1 EVALUATION AND FIELD TESTING OF THE STANDARDS

The first year of cycle four has involved the evaluation and empirical field
testing of the Interim Proposed Standard. The year began in April, 1985 and
during the Spring of that year each major section of the standard,
cartographic objects, data exchange, data set quality, and cartographic
features were evaluated by the Committee and by the Working Groups as a result
of written comments pertaining to Report No. 6, comments made at the public
hearings held at the Spring ACSM meeting held in March, 1985 in Washington,
D.C., as a result of Committee discussion at the Spring meetings, and as a
result of internal evaluations and discussions. During the Summer of 1985 the
Working Groups conducted internal tests on their parts of the standard which
included elements of the entire Committee. In the case of cartographic
objects, the evaluations were conducted by elements of the Committee, Working
Group I and some external evaluators. The primary goal for these tests and
evaluations were twofold: first for the Working Groups to get the first
results from field testing, and second for the Working Groups to use



these internal tests as a method of finalizing the testing procedures being
developed for the external and Federal tests planned for the Fall.

During the Spring of 1985 and at the March meetings, public calls were made
for expressions of interest to participate in the field tests to be conducted
later in the year. It had earlier been determined by the Committee that a set
of field tests had to be conducted outside of the Committee with the segments
of the profession who would later be using the standards. All told, 26 non-
Federal organizations expressed interest in participating in such tests. At
the same time the FICCDC was asked to identify Federal agencies interested in
participating in such tests in the Federal sector. During the late Spring and
early Summer, the private sector testing candidates were sent further
information providing more details of the testing methods and requirements.
Estimated requirements of donated personnel, time and other resources that
were necessary to carry out the tests were also provided. Discussion with the
candidate testing participants continued into the Summer as effective matches
of personnel, time and capabilities were further exploreds In late July, a
list was drawn up by the Executive Committee of the testing candidates to be
invited to the Fall Committee meeting in Indianapolis to be interviewed by the
Working Groups and by the Committee in general. All told, 10 testing
candidates from the state and private sector and seven from the Federal sector
were invited to the meetings in Indianapolis. From the interviews at
Indianapolis and discussions with one or two groups who could not attend, a
list of testing participants was drawn up by the Committee. Nine independent
tests were being conducted by groups in the state and private sectors, and ten
tests were scheduled to be conducted by agencies in the Federal sector, while
a few informal tests were conducted as continuing Working Group tests or by
the members of a Working Group. However, all official tests were conducted by
groups external to the Committee itself, although it should be noted that in
some cases some of the Federal agency personnel conducting tests did include
individuals who were also members of the Committee.

The following groups participated in tests with the following Working Groups:
WORKING GROUP I — DATA ORGANIZATION

External tests

DuPage County Map Department

Geographic Technology, Inc.
City of Boston Assessing Department

Federal tests

National Ocean Service

Defense Mapping Agency

National Bureau of Standards

U.S. Geological Survey

Federal Emergency Management Agency




WORKING GROUP II - DATA SET QUALITY

External tests
Boise Cascade Corp.
BellSouth Services

Federal tests
Soil Conservation Service

WORKING GROUP III - CARTOGRAPHIC FEATURES

External tests

BellSouth Services

University of Minnesota Dept. of Geography
Perkin-Elmer Corporation

Synectics Corporation

Federal tests

Tennessee Valley Authority

Defense Mapping Agency

National Ocean Service

Federal Emergency Management Agency

It should be noted that the cartographic objects were field tested as part of
the Working Group I tests and evaluated as described in Section 2 of this
reporte. In all cases, these tests were conducted with the cooperation and
consultation of the Standards Working Group of the Federal Interagency
Coordinating Committee on Digital Cartography.

The time frame for these external and Federal field tests was from October,
1985 to February, 1986. During that time, the bulk of the field testing
outside of the Committee was conducted. During February and early March, the
results of these tests were compiled and sent to the Working Group members for
evaluation. At the recent Spring, 1986 meeting of ACSM in Washington, D.C.,
the Committee met to discuss the results of the field tests and assess the
implications for the standard. At that meeting was also scheduled a public
session to present the findings of the field tests, and to provide members of
the profession an opportunity to ask questions and to discuss the situation in
more detail. In an effort to keep the corresponding members of the Committee
informed as to its work, this Report No. 7 has been prepared and distributed.
The report contains the results of the field tests and evaluations, discussion
of written comments received by the Committee since Report No. 6 was issued,
and sections of the standard that have been significantly updated and/or
expanded for the corresponding members to study and comment on it. The reader
is invited to evaluate this report and to send written comments to the
Committee on the forms provided in the back of this report.

1.2 ORGANIZATION AND STRUCTURE OF THIS REPORT

This report contains six major sections. The first is the introduction and
the last is a set of comment forms which are to be filled out and returned to



the Committee for internal evaluation and circulation. Section 2 contains the
discussion on cartographic objects. These objects are defined for 0-, 1- and
2-dimensions and serve the needs for geometry only, geometry and topology, and
topology only. Section 3 contains the discussion and evaluation by Working
Group I on Data Organization. Most of their attention is focused on testing
the cartographic exchange modules defined after Report No. 6 was issued, and
on evaluating the methods of implementing such an exchange. Section 4
presents the results of the field tests of the efforts of Working Group II on
Data Set Quality. This section of the standard has the fewest changes and
updates in it. Section 5 discusses the efforts by Working Group III on
Cartographic Features., This section is now much more fully fleshed out from
Report No. 6, and it presents a large number of the finished feature
definitions.

At this point it is very important to state that all of the material presented
here that relates to updates, modifications and extensions of the standard are
still in a draft stage and are currently being worked on and polished up by
the Committee. Therefore, this report represents work in progress and not a
final polished standard. This modified material has not yet been voted on by
the Steering Committee. The material, in this state, is being shared with the
cartographic community because it 1s strongly felt that all corresponding
members should have the benefit of being informed about the testing phase of
the work so that they can provide informed comments on this segment of the
work by the Committee in a timely fashion so that those comments can be
integrated into the thinking and evaluations of the Committee. It has now
been a year since the Interim Proposed Standard was issued and the Committee
has made considerable progress since that time. It is therefore the intent of
the Committee to provide an additional opportunity for members of the
cartographic profession to return comments and discussion of this work as it
progresses.

1.3 LIST OF COMMENTS

The following is a 1list of the individuals who returned written comments to
the Committee from the time that Report No. 6 was issued in January, 1985 to
the Spring ACSM meetings in March, 1986. This list is being provided as a
matter of record and specific comments will not be identified individually in
the discussion contained in the following sections of the report. These
comments were received external to the Committee meetings and any individual
listed who happens to be a member of the Committee was providing such comments
as a member of his/her organization or as an individual. Comments internal to
the Committee are not listed here.

General
1. Dr. Gerald L. Greenberg, NCIC-W- U.S.G.S., National Mapping Division

2. Mr. Peter Scheffer, TVA, Div. Land & Economic Resources, Special
Project Unit



Objects
1.

2.

3.
4.
5.
6.

74

8.
9.
10.

11.

12.

13.

14,

Ms. Carolyn C. Weiss, Statistics Canada, Geocartographics
Subdivision

Mr. J. Ives, Div. of Survey and Mapping Systems, Bureau of Land
Mgmt .

Mr. Daniel Neumann, National Ocean Service
Mr. J. E. Gearhart, National Ocean Service
Mr. Richard Schiro, National Ocean Service
Dr. Richard A. Williams, Goodyear Aerospace Corp.

Mr. Gale W. TeSelle, Director, Cartography & Geographic Information
Systems Div., U.S. Dept. of Agriculture, Soil Conservation Service

Mr. Matthew McGranaghan, Geography Department, SUNY - Buffalo
Mr. Richard Nicholson, Synercom Corp.
Mr. Robert W, Marx, Chief, Geography Division, Bureau of the Census

Mr. Denis White, Lab for Computer Graphics and Spatial Analysis,
Harvard University

Mr. Jan W. van Roessel, Technique Development Section, Technicolor
Government Services, Inc.

Prof. Mark Monmonier, Dept. of Geography, Syracuse University

Mr. Wallace Crisco, Bureau of Land Management

Working Group I

1.

Dr. Kenneth J. Dueker, Acting Dean, School of Urban & Public
Affairs, Portland State University

Mr. Lawrence W. Fritz, National Charting Research & Development
Laboratory, NOAA/NOS

Mr. Erich Frey, Marine Chart Branch, NOAA/NOS

Mr. Daniel Neumann, NOAA/NOS

Mr. J. Ives, Div. of Survey & Mapping Systems, Bureau of Land Mgmt.
Mr. Gale W. TeSelle, Director, Cartography and Geographic

Information Systems Div., U.S. Dept. of Agriculture, Soil
Conservation Service



7. Mr. Bruce Palmer, Earth Resource Engineering, Digital Equipment
Corp.

8. Mr. Dennis R. Boston, Alabama Power Company

Working Group II

1. Mr. Erich Frey, Marine Chart Branch, NOAA/NOS

2, Mr. Daniel Neumann, NOAA/NOS

3. Mr. J. Ives, Div. of Survey & Mapping Systems, Bureau of Land Mgmt.
4. Mr. Gale W. TeSelle, Director, Cartography & Geographic Information

Systems Div., U.S. Dept. of Agriculture, Soil Conservation Service

Working Group III

1. Mr. Lawrence W. Fritz, National Charting Research & Development
Laboratory, NOAA/NOS

2. Dr. Robert D. Thomson, Dept. of Geography, Frostburg State College

3. Ms. Carolyn C. Weiss, Statistics Canada, Geocartographics
Subdivision

4, Mr. Erich Frey, Marine Chart Branch, NOAA/NOS
5. Mr, Daniel Neumann, NOAA/NOS
6. Mr. J. Ives, Div. of Survey & Mapping Systems, Bureau of Land Mgmt.

7. Mr. Gale W. TeSelle, Director, Cartography and Geographic
Information Systems Div., U.S. Dept. of Agriculture, Soil
Conservation Service

8. Dr. Richard A. Williams, Goodyear Aerospace Corp.

1.4 MEMBERSHIP OF THE COMMITTEE

The Committee is made up of a Steering Committee, three Working Groups and an
Executive Committee. The Steering Committee is the primary organizational
structure for the effort and its members are the ones who created the working
groups in 1982 and defined the scope of their activities., The Steering
Committee is also the group that formally votes on the standards according to
the American National Standards Institute rules being followed. The Executive
Committee is composed of the Chairs and Vice Chairs of the Working Groups and
the Committee itself. This group leads the work of the Committee on a day to



day basis. The Working Groups focus on specific aspects of the standards
problem and are composed of experts knowledgeable about those specific aspects
of the problem.

The members of the Steering Committee are as follows:

Harold Moellering, Ohio State University, Chairman
Lawrence Fritz, National Ocean Service, Vice Chairman
Dennis Franklin, Defense Mapping Agency

Robert Marx, Bureau of the Census

Jerome Dobson, Oak Ridge National Laboratory

Dean Edson, E-Quad Associates

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

Paula Hagen, Computer Corporation of America

A. R. Boyle, University of Saskatchewan

Timothy Nyerges, University of Washington

Dean Merchant, Ohio State University

Hugh Calkins, SUNY Buffalo

Members of Working Group I, Data Organization are as follows:

Timothy Nyerges, University of Washington, Chairman

Bill Liles, Xerox Special Information Services, Vice Chairman
A. R. Boyle, University of Saskatchewan

Hugh Calkins, SUNY Buffalo

Fred Billingsley, Jet Propulsion Laboratory

Robin Fegeas, U.S. Geological Survey

David Pendleton, National Ocean Service

Clif McVay, Defense Mapping Agency

Jan van Roessel, EROS Data Center

Alfred Brooks, Information Interchange Inc.

Members of Working Group II, Data Set Quality are as follows:

Nicholas Chrisman, University of Wisconsin, Chairman
Charles Poeppelmeier, Defense Mapping Agency, Vice Chairman
Dean Merchant, Ohio State University

John Davis, Kansas Geological Survey

George Rosenfield, U.S. Geological Survey

George Johnson, National Ocean Survey

Wallace Crisco, Bureau of Land Management

Gunther Greulich, Survey Engineers of Boston

John Stout, Geological Consultant

David Meixler, Bureau of the Census

Frank Beck, U.S. Geological Survey



Members of Working Group III, Cartographic Features are as follows:

Warren Schmidt, Digital Mapping Unlimited, Chairman

Robert Rugg, Virginia Commonwealth University, Vice Chairman
Joel Morrison, U.S. Geological Survey

Walter Winn, National Ocean Service

Beth Driver, Technology Service Corporation

Frederick Tamm-Daniels, Tennessee Valley Authority

Mary Clawson, Naval Ocean R&D Activity

Billy Love, Defense Mapping Agency

Erich Frey, National Ocean Service

Mark Monmonier, Syracuse University

Note: Working Group IV on Terms and Definitions was inactivated and the
members were directly assigned to the Working Groups with which they have been
developing definitions. The work on cartographic objects has been conducted
with the Committee as a whole because it has an impact on the work of each WG.

1.5 AMERICAN NATIONAL STANDARDS INSTITUTE PROCEDURES

The standards being developed by the Committee are planned to be ultimately
proposed as Federal Information Processing Standards. However, during this
formulation process, the Committee is following the ANSI procedures as they
apply to the work of the Committee because these procedures are generally
recognized as the most appropriate for an effort of this kind. As such, the
Committee operates under the auspices of the American Congress on Surveying
and Mapping with a mandate from the U.S. Geological Survey which originally
came from the National Bureau of Standards to develop such standards.
Therefore, the Committee is not an ANSI committee, but will follow ANSI
Appendix A, "Model Procedures for an Accredited Standards Committee” as it
applies to this effort (ANSI, 1982).

1.6 REFERENCES

American National Standards Institute. 1982, Procedures for the Development
and Coordination of American National Standards, New York: American
National Standards Institute, 24 pp.

Moellering, H., ed., 1983, Digital Cartographic Data Standards: Defining the
Issues, Report No. 3, Columbus: National Committee for Digital Cartographic
Data Standards, 49 pp.

, ed.e, 1984, Digital Cartographic Data Standards: Examining
the Alternatives, Report No. 4, Columbus: National Committee for Digital
Cartographic Data Standards, 102 pp.

, eds, 1985, Digital Cartographic Data Standards: An Interim
Proposed Standard, Report No. 6, Columbus: National Committee for Digital
Cartographic Data Standards, 164 pp.




2.0 EVALUATING AND TESTING THE INTERIM PROPOSED STANDARD
FOR DIGITAL CARTOGRAPHIC OBJECTS

by
Harold Moellering

Prior to reading this section on cartographic objects, the reader is invited
to review pages 19-27 in Report No. 4 on the alternatives (Moellering, 1984)
and pages 37-39 and 147 to 154 in Report No. 6 on the Interim Proposed
Standard (Moellering, 1985).

2.1 BACKGROUND

The definition and use of cartographic objects is fundamental to achieving the
ability to analyze and display cartographic data, and to exchange digital
cartographic data bases between machine systems. At the outset, one must
consider the relationships between a cartographic feature, cartographic entity
and a cartographic object as shown in Figure 2.1. The definitions used in the
standard recognize the cartographic feature as the covering term for what
exists both in the real world and in digital storage. The specific term

CARTOGRAPHIC FEATURE

i 1
Cartographic entity Cartographic object
(real world) (digital storage)

Figure 2.1 Relationship Between Cartographic Feature, Entity and Object.

for those things that exist in the real world is the cartographic entity.

When that information is captured as a digital representation of an entity in
digital storage, then it is defined as a cartographic object. In order to
capture this information in an efficient digital manner, and in order to be
able to manipulate it conveniently, it is important that cartographic objects
be parsimoniously defined. Therefore, these 0-, l-, and 2-dimensional objects
must have the following properties: they must serve the tasks of geometry and
topology in various combinations, they must be modular, they must work in both
planar and curved coordinate systems, and they must be extendible.

In modern digital cartography, there is a distinct need to define objects that
provide various capabilities and combinations of geometry and topology. For
example, most of the early work in the 1960's included straight geometric
drawings of map displays that were real maps and sometimes CRT images (virtual
map type I). Creating objects out of points in a geometry only operation and
the files associated with them came to be called spaghetti files. There is



still a need for geometry only objects today, but in relative terms, the need
for them is declining. Most modern cartographic systems use data structures
that are based on principles of both geometry and topology, and therefore, one
must define objects that are not only locational, but also contain topological
characteristics such as connectivity and contiguity. Therefore, a full set of
cartographic objects must be defined that contain both geometric and topologi-
cal properties. More recently, work has been conducted that involves objects
that are topology only, such as that by White and Griffin (1979). Since the
evaluation of the alternatives by the Committee in 1984, subsequent hearings,
consideration of written comments, and oral discussion, it has become clear
that classes of objects must be explicitly provided that are geometry only,
and geometry and topology, whereas the capability must be provided such that
topology only objects can be created by truncating the coordinates from the
objects that utilize geometry and topology. At this stage in the development
of digital cartography, a separate explicit class of topology only objects is
not warranted. Table 2.1 shows the updated vector oriented objects and how
they fall into the two explicitly defined classes, and the third implicit
class of objects,

Geometry
and Topology
Geometry Topology Only
0-D point node (truncated
node)
1-D line segment link link, chain
directed link w/
string directed link truncated nodes
arc chain
ring (string or arc) ring (link or chain) ring (link or
chain) w/truncated
nodes
2-D simple polygon simple polygon simple polygon
(string or arc) (link or chain) (link or chain
w/truncated nodes)
complex polygon complex polygon complex polygons
(string or arc) (link or chain) (link or chain

w/truncated nodes)

Table 2.1 Intended Uses of Defined Cartographic Objects
in Three Cartographic Settings.

A second major requirement is that the objects defined must be modular. There
are several reasons for this requirement and all pertain to the needs of
digital cartography. The first is that the lower dimensional objects are
needed to define the higher dimensional objects. For example, various
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combinations of points and nodes are used to define the linear objects, and
they are then used to define the two dimensional objects. This process can
only happen if the objects defined are truly modular. The second is that
various primitive and simple objects are used to define compound and complex
objects. For example, a polygonal tessellation (coverage) of soils is a
compound object because it is made up of one fundamental kind of lower level
object. A stream network is another example. A complex object is one that is
made up of various combinations of -lower level objects, and a county that
contains roads, streams and other networks, areas of various land use, soils,
planning zones and census areas, along with features such as buildings, water
towers, etc., is such an example. As defined here, the county is a rather
complex cartographic object. Another reason for the requirement for
modularity of objects is that then things will more easily fit into various
data structure modules such as chain modules, node modules, point modules,
attribute modules, etc. A further reason is that if objects are modular, then
it is possible to define a set of data exchange modules that can be used to
transfer digital cartographic data from one system to another. By now it
should be clear that modularity is a critical requirement for cartographic
objects if modern data structures are to operate efficiently.

The third requirement is that the coordinates for the objects and the objects
themselves must explicitly recognize that the entities that they represent can
exist in both planar and curved coordinate systems. It is common for the
designer of spatial data structures to assume that the coordinate system is
planar, although the real world is not that simple. The underlying assumption
is that the simple mathematical equations that operate in planar systems can
be used. However, for a national standard, one must define the cartographic
objects such that coordinate references such as latitude and longitude can be
used on the sphere or ellipsoid. The objects here have been defined such that
they are valid in both planar and curved coordinate systems.

The fourth requirement is that the set of cartographic objects be extendible,
that is, could be expanded at a later date, if necessary. There are several
areas where such a need could arise. It is possible in the future that
further research could indicate that the raster related objects, pixel and
grid cell, require expansion to incorporate more explicitly topological
concepts. It turns out that the raster oriented objects are currently much
less well developed in the literature than are the vector-based objects.
Therefore, extension of the standard could be required in the future. Another
possible candidate area is that of three dimensional objects. Currently, work
is going on in that area, but to date no real consensus has emerged as to what
those objects should be. One possibility is an object called a prism, but
other objects would have to be invented. The concept behind the current
standard is to systematize and harmonize the set of objects that have already
been defined. The three dimensional objects are a task for the future. In
all cases, it is very important that the current standard be clearly and
concisely stated, as well as being tightly organized conceptually. If this is
true, the current standard will work well now and serve as a foundation on
which to build extensions in the future.

11



2,2 REVIEW OF COMMENTS RECEIVED SINCE REPORT NO. 6 WAS PUBLISHED

Since Report No. 6 on the Interim Proposed Standard was issued in January of
1985, a number of comments have been made relating to the cartographic objects
as they were defined. Most questions have been raised in the public sessions
organized by the Committee to present this material and provide opportunities
for questions and discussion. At the public sessions the overwhelming
majority of the questions relate to clarification on what is meant by a
concept or definition. A much smaller fraction of questions and comments
relate to suggested changes of definitions or perhaps objects. At the outset
one should point out that an important typographical error occurred on page 37
of the first printing of Report No. 6. These reports were distributed from
January to April 1985. The error concerns the optionality of the coordinates
for points and nodes. The current standard is that coordinates are optional
for nodes. Obviously, coordinates are required for the point, or it could not
exist as an object. The reason that coordinates are optional for the node is
so that they can be truncated, if necessary, to produce a purely topological
object. Later printings sent out after April, 1985 have been corrected to
state the definitions of the point and node correctly.

During the period since Report No. 6 was issued, 14 written comments were
received at Columbus headquarters and circulated to various elements of the
Committee. In general, the written comments fall into two broad classes: one
being suggested updates to the definitions of the objects, and the other is
the need to handle holes in polygons in a direct topological manner. In terms
of polishing the definitions, a number of detailed suggestions were given.
These suggestions were circulated in the Committee and were used in combina-
tion with the testing and evaluation results to improve the definitions.
Improvements were suggested for definitions of the pixel, grid cell, polygon,
arc, node, and a number of other objects. A summary of these improvements is
given in Section 2.3.

The second set of comments dealt with the way in which holes are handled for
polygons. The definitions in the Interim Proposed Standard does not provide a
direct approach as part of the object definitions, but offers the user the
flexibility to construct a solution in the data structure. A number of
written comments pointed out the need for such a capability to be directly
incorporated into the object definitions. It was pointed out that while many
systems handle holes in polygons now, in the future most systems will have
such a capability. Therefore, it is essential that the objects be defined
such that this capability is explicitly recognized without complicating life
for those who do not use such a capability. One or two correspondents even
provided suggestions of how this might be accomplished. As a result of the
testing and evaluation work, the notion of a ring has been added to the linear
objects. A ring can serve as an outer boundary of a polygon or as a boundary
of a hole in a polygon. Therefore, a polygon is formed from one outer ring
and zero or more inner rings that define holes. This approach adds the
capability to deal with holes directly without incurring any real added
complexity. Please read the next section for more discussion.

12



2,3 EVALUATION AND TESTING

Table 2.2 shows the sources of evaluation and testing of the cartographic
objects. The upper six methods resulted in written or verbal comments that

1) evaluation by written comment from Report #6

2) evaluation by comments from Spring 1985 and 1986 meetings
3) evaluation by individual Committee members

4) evaluation by comments from external evaluators

5) evaluation by Committee in Spring and Fall meetings

6) evaluation by comments from Federal Committee

7) testing in WG I exchange modules.

Table 2.2 Evaluation and Testing Methods Conducted on the Cartographic
Objects

were integrated into the evaluation of the cartographic objects and the con-
cepts that underlie them. Many suggestions were provided for polishing up and
improving the definitions. One important suggested change was the addition of
an improved approach to deal with holes in polygons.

The explicit testing involved an approach very different from the other
evaluations. The objects were tested by Working Group I as part of their data
exchange field testing. The basic units of data exchange for cartographic
data are the objects, and in order to accomplish such an exchange several
additional components are required. First, a set of exchange modules must be
defined. The initial set of exchange modules was defined directly from the
cartographic objects. A later revision of the exchange modules was devised to
consolidate the objects by dimensional class, excluding arc, pixel and grid
cell. Of the three proposed implementations, the ISO 8211 implementation was
used for testing here. GDIL is intended primarily for raster data and FGEF
was still under development by the Federal Committee. A further description
of the data exchange testing is provided in Section 3.

The results of the evaluation from all sources and the field tests by Working
Group I produced a number of changes and improvements to the wording of the
definitions. The most significant change is the inclusion of the ring as a
linear object, 2.4.2.7. A number of comments received during the evaluation
phase of the work indicated rather strongly that a direct approach had to be
provided to topologically handle holes in polygons. The result is the
development of the object called the ring. A ring is a linear object that can
form the outer boundary of a polygon or a hole in a polygon. It is the linear
boundary and not the area inside the boundary. The linear trace that forms
the ring is separate from the area contained by the ring. The ring can be
created from string(s), links, chain(s) or arc(s). A polygon (2.4.3.1) is
then formed from one or more rings, the first being the outer polygon boundary
and any other rings being interior holes. It should be noted that a ring that
defines a hole in a polygon could also define the object that fills that hole,
an island in the middle of a lake, for example. This approach then provides
the capability for processing polygons simply if no holes are present, or
rather elegantly if holes are to be processed topologically. This approach
recommended by the reviewers follows the principles advocated by White (1979),
by Corbett (1979, 1985) and by Wilson (1985).
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A second addition to the definitions is to distinguish between a pixel and a
grid cell. It turns out that there has been concern for some time that the
cellular information coming from a scanner and cells on the ground are not
necessarily identical because rectification has taken place, and it is also
possible that the pixels may have been agglomerated. Therefore, it has become
clear that two separate raster objects are necessary, one oriented to the
scanning instruments and the other oriented towards surfaces, usually the
ground. It is possible that in some cases the pixel and the grid cell could
be identical, but that situation would be an exceptional case because they are
usually different due to coordinate rectification. The definitions have been
adjusted accordingly.

A third major change is the addition of the Special Implementation Objects
2.4.4, requested by the Standards Working Group of the Federal Committee. It
turns out that these objects are necessary to implement the Federal Geographic
Exchange Format. The Federal Group felt that they should be clearly defined
so that there would be no misunderstanding when those objects were discussed
in the FGEG section. Actually, these objects are special applications of the
general objects defined in the main definitions. For example, feature point,
label point and area point do not change the general definition of a point,
but rather indicate a special use of the point as a punctiform object.
Similarly, the area chain, complete chain, and network chain are variations on
the general chain with the difference being whether the nodes or right/left
identifiers are actually used in the implementation. Since these special
objects are very important to the Federal FGEF implementation, they have been
added as a separate section.

Many other minor modifications have been made to the wording of the defini-
tions to improve the clarity of the meaning. It is also hoped that these
improvements will facilitate a better understanding of the objects, what they
mean, and how they are to be used. All of the objects are listed below along
with any improvements that have been made to the definitions.

O-dimensional objects
point - no real change (typographical error fixed)
node - improved wording; coordinates optional

l1-dimensional objects
line -~ added as a generic definition
line segment - no real change
link - no real change
directed link - no real change
string - improved wording
chain - improved wording; reference to identifiers added
arc - much improved wording
ring - a newly added definition discussed above
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2-dimensional objects
area — generic definition added
polygon - rewritten to reflect the addition of rings
simple polygon - new definition to reflect the addition of ring
complex polygon — new definition to reflect the addition of ring
pixel - improved definition
grid cell - new definition to complement the pixel

Special implementation object
Feature point, label point, area point, area chain, complete chain,
network chain - new definitions added to support the FGEF implementation.

Together, these changes represent a significant improvement to the definitioms
of these cartographic objects. They are now more concisely and clearly
defined in terms of wording and intended use. The current definitions are
listed in the following subsection and have drawings included with them to
facilitate understanding them.

2.4 DEFINITION OF CARTOGRAPHIC OBJECTS

NATIONAL COMMITTEE FOR DIGITAL CARTOGRAPHIC DATA STANDARDS
A PROPOSED STANDARD FOR CARTOGRAPHIC OBJECTS
Draft March 18, 1986

Including Federal Special Implementation Objects, January 1986

The cartographic objects specified in the following sections
represent the basic objects required for digital cartographic
processing which can be used to construct higher 1level objects
that represent a more complex realization of the real world. The
following definitions have been specified such that they are
valid in planar, Euclidean geometry as well as simple curved
surfaces such as the sphere or ellipsoid.

2.4.1 DEFINITION OF @-DIMENSIONAL CARTOGRAPHIC OBJECTS

2,4.1.1 point - A @-dimensional object that specifies
geometric location. A set of
coordinates specifies the location.

2.4.1.2 node - A @-dimensional object that is a
topological junction and may specify
x* geometric location. An optional set of

coordinates specifies the location.
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2.4.2 DEFINITION OF 1-DIMENSIONAL CARTOGRAPHIC OBJECTS

2.4.2.0 line - A l-dimensional object.

2.4.2.1 line segment - A l-dimensional object that is a
et direct line between two points.

2.4.2.2 link - A l1-dimensional object that is a direct
H connection between two nodes. Alias:

edge.

2.4.2.3 directed link - A link between two nodes with one
e 3 direction specified.

2.4.2.4 string - A sequence of line segments.

PN

2.4.2.5 chain - A directed sequence of nonintersecting line
segments with nodes at each end.

Reference to left and right identifiers
N are optional.
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2.4.2.6 : arc - A locus of points that forms a curve that

//’“\//”___ is defined by a mathematical function.

2.4.2.7 ring - A sequence of nonintersecting chains, strings,
links, or arcs with <closure. (It represents a
closed boundary, but not the area inside the
closed boundary.) Alias: polygon boundary.

2.4.2.7.1 : 1) ring created from string(s).
2.4.2.7.2 2) ring created from links.
2.4.2.7.3 3) ring created from chain(s).
2.4.2.7.4 4) ring created from arc(s).

-
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