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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 is perhaps the least 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





TABLE OF CONTENTS

Page

Introducing the Evaluation and Testing of the Interim Proposed 
Standard, by Harold Moellering................................

Evaluating and Testing the Interim Proposed Standard for Digital 
Cartographic Objects, by Harold Moellering......................

Testing the Interim Proposed Standard for Cartographic Data Exchange, 
by Timothy Nyerges.................................................. 21

Appendix A, Interim NCDCDS Testing Report, by A. A. Brooks and
J. V. Upperman.................................................. 33

Appendix B, Report to The National Committee for Digital 
Cartographic Data Standards, by Joseph M. Distefano............. 44

Testing the Interim Proposed Standard for Data Set Quality,
by Nicholas Chrisman................................................ 53

Quality Report for Wilmington-East District BellSouth Digital
Land Base, by Jim Ferree........................................ 56

Quality Report for Dane County Soil Survey Digital Files,
by Nicholas Chrisman............................................ 78

Testing the Interim Proposed Standard for Cartographic Features,
edited by Robert Rugg and Warren Schmidt............................ 89

Appendix I, Instructions for Testing Standard Features and 
Attributes, by Oona Przygocki and Robert Rugg................... 97

Appendix II, Interim Proposed Standard Feature Definitions and 
Interim Proposed Standard Attribute Definitions................. 104



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 is 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 explored. 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 
report. 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 is 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 list 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. Ms. Carolyn C. Weiss, Statistics Canada, Geocartographics 
Subdivision

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

3. Mr. Daniel Neumann, National Ocean Service

4. Mr. J. E. Gearhart, National Ocean Service

5. Mr. Richard Schiro, National Ocean Service

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

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

8. Mr. Matthew McGranaghan, Geography Department, SUNY - Buffalo

9. Mr. Richard Nicholson, Synercom Corp.

10. Mr. Robert W. Marx, Chief, Geography Division, Bureau of the Census

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

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

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

14. 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

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

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

4. Mr. Daniel Neumann, NOAA/NOS

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

6. 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. , 1984. Digital Cartographic Data Standards: Examining
the Alternatives, Report No. 4, Columbus: National Committee for Digital 
Cartographic Data Standards, 102 pp.

______________, ed., 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___________
I I

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-, 1-, 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 c'ame 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 

0-D point

1-D line segment 

string 

arc 

ring (string or arc)

2-D simple polygon 
(string or arc)

complex polygon 
(string or arc)

Geometry
and 

Topology

node

link

directed link

chain

ring (link or chain)

simple polygon 
(link or chain)

complex polygon 
(link or chain)

Topology 
Only

(truncated 
node)

link, chain 
directed link w/ 
truncated nodes

ring (link or 
chain) w/truncated 
nodes

simple polygon 
(link or chain 
w/truncated nodes)

complex polygons 
(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

10



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.
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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.

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

1-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 definitions 
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 level 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 0-DIMENSIONAL CARTOGRAPHIC OBJECTS

2.4.1.1 point - A 0-dimensional object that specifies
geometric location. A set of 

* coordinates specifies the location.

2.4.1.2 node - A 0-dimensional object that is a
topological junction and may specify 

^ 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 1-dimensional object.

2.4.2.1 line segment - A 1-dimensional object that is a 
        direct line between two points.

2.4.2.2 link - A 1-dimensional object that is a direct
connection between two nodes. Alias: 
edge.

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

2.4.2.4 string - A sequence of line segments.

2.4.2.5 chain - A directed sequence of nonintersecting line
segments with nodes at each end. 
Reference to left and right identifiers 
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

2.4.2.7.2

1) ring created from string(s)

2} ring created from links.

2.4.2.7.3 ring created from chain(s).

2.4.2.7.4 4) ring created from arc(s).
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2.4.3 DEFINITION OF 2-DIMENSIONAL CARTOGRAPHIC OBJECTS

2.4.3.0 area - The interior of a continuous two dimensional object,

2.4.3.1 polygon - An area having one outer ring and zero or more
nonintersecting inner rings.

2.4.3.1.1 1) simple polygon - A polygon without 
inner rings.

2.4.3.1.2 2) complex polygon - A polygon with one 
or more inner rings.

2.4.3.2 pixel - A 2-dimensional picture element 
which is the smallest 
nondivisible element of an 
image.

2.4.3.3 grid cell - A 2-dimensional object that 
represents an element of a 
regular or nearly regular 
tessellation of a surface.
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2.4.4 SPECIAL IMPLEMENTATION OBJECTS

2.4.4.1 feature point - A point used principally for
identifying the location of cartographic 
point feature, such as towers, buoys, 
gauging station, etc.

2.4.4.2 label point - A point used principally for
displaying map and chart text (feature 
names) to assist in feature 
identification.

2.4.4.3 area point - A point within an area carrying 
attribute information about that area

2.4.4.4
LID

area chain - A chain with left and right 
identifiers but without 
identifiers.

node

2.4.4.5 complete chain - A chain that has node 
identifiers and left and 
identifiers.

right

2.4.4.6

16

network chain - A chain that has node pointers 
but without left and right identifiers.

17
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3.0 TESTING THE INTERIM PROPOSED STANDARD FOR CARTOGRAPHIC DATA 
EXCHANGE by Timothy Nyerges

3.1 Background

Members of Working Group I:

Timothy Nyerges (Chair) University of Washington
William Liles (Vice Chair) Xerox Corporation
Frederick Billingsley Jet Propulsion Laboratory
A. Raymond Boyle University of Saskatchewan
Alfred A. Brooks Jr. Information Interchange, Inc.
Hugh Calkins State University of N. Y., Buffalo
Robin Fegeas U. S. Geological Survey
Clif McVay Defense Mapping Agency
Dave Pendleton National Ocean Service
Jan van Roessel Technicolor Government Services

Observers:
Donna Peuquet Pennsylvania State University 
James Upperman National Bureau of Standards 
Marvin White Etak Corporation

During cycle four of the work by the National Committee for 
Digital Cartographic Data Standards (NCDCDS), Working Group I 
refined and tested the Interim Proposed Standard for 
Cartographic Data Exchange. This portion of the NCDCDS Report 7 
presents a summary of:

- the Interim Proposed Standard as documented in Report 6,
- comments received from Report 6,
- revisions to the Interim Proposed Standard,
- results from testing,
- implications for further revisions,
- and the current status of the Interim Proposed Standard.

During cycle two of committee work an assessment of alternatives 
for digital cartographic data exchange was undertaken. This 
resulted in a conclusion that none of the current strategies, 
hence formats or standards for graphical data exchange were 
suitable for acceptance as a cartographic data exchange standard. 
In particular, the two standards most closely evaluated were the 
GKS Graphics Metafile and IGES standards. The Metafile is not 
appropriate because it has a graphic symbolization orientation, 
whereas this committee's concern is with point, line, area and 
feature data, but not the multitude of symbolization which can be 
associated with these features. In addition, the metafile 
approach does not consider spatial topology and spatial 
referencing system information. The IGES standard is not 
appropriate because of the lack of spatial referencing system 
information, data quality information, raster and grid cell 
representations. Both standards would require significant 
enhancements to be used for a general digital cartographic data 
exchange standard that meets the needs of diverse applications in 
the cartographic community.
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3.2 Review of the Comments on the Report 6 Interim Proposed 
Standard

NCDCDS Report 6 distributed before and discussed in public forum 
in March, 1985 contains a proposal to utilize (the then draft 
proposed, and now
accepted) American National Standards / International Standards 
Organization (ANSI/ISO) 8211 Specification for a Data Descriptive 
File as a flexible means to transfer digital cartographic data. 
(This standard is still under review as a Federal Information 
Processing Standard - FIPS.) The ANSI/ISO 8211 standard is a 
specification for a data transfer mechanism by which data sets 
can be encoded and decoded, but does not specify the actual 
cartographic data fields that should be trasnsferred. The 
committee recognized that the interim proposed standard at that 
time had some serious shortcomings in terms of completeness.

Working Group I received written comments as a result of a public 
review of the Report 6 Interim Proposed Standard during the past 
year. The comments have been distilled into four primary themes 
listed below in the order of the volume of comments received:

- data field meaning
The committee should define data meaning for points, 
lines and areas in a clear and simple fashion.

- data descriptive mechanism
An internal data descriptive mechanism is a good idea, 
but may be too complex to be successful. An external, 
fixed format definition would be simpler.

- user community
The committee should define the intended user community 
more clearly.

- conformance
The committee should define when an organization is in 
conformance with the standard.

Many of the comments received are of diametrically opposing views 
on some issues. The use of an internal data descriptive mechanism 
versus defining fixed formats defined by exteranl documentation 
is one such example. The committee has considered all comments, 
incorporating their substance into committee deliberations.

As a result of both committee direction and comments, the draft 
interim proposed standard has been altered significantly to 
reflect this input. Effort has focused in the past year on 
formulating the description of the cartographic data field 
meaning rather than specifying a mechanism by which any data can 
be encoded and decode to implement a transfer. This new direction 
resulted in the creation of a draft interim proposed standard 
which defined a set of exchange modules closely aligned with the 
definitions of cartographic objects as defined by NCDCDS Working 
Group IV. An exchange module is a logical grouping of data
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subfields required to represent a cartographic object or other 
important grouping of information to support data exchange.

Table 1 shows the status of the exchange modules as they appeared 
in the draft standard that was discussed at the September, 1985 
meetings. The exchange modules are grouped at a higher level of 
abstraction into exchange forms. The five exchange forms that 
appear in Table 1 are: Global Information, Data Quality, 
Cartographic Object, Relational, and Raster.

Table 1 
Exchange Modules and Exchange Forms

GLOBAL INFORMATION

Catalog
Identification
Security
Spatial Reference
Coverage
Map Projection
Control Points

DATA QUALITY

Lineage
Positional Accuracy 
Attribute Accuracy 
Logical Consistency 
Completeness

CARTOGRAPHIC OBJECTS

Feature
Point
Node
Line Segment
Link
Directed Link
String
Chain
Arc
String Based Polygon
Link Based Polygon
Chain Based Polygon
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Exchange Modules (Continued) 

RELATIONAL

Feature/Element 
Polygon/Boundary 
Boundary/Chain 
Polygon/Chain 
Chain Topology 
Chain/Point 
Node/Chain 
Node/Point 
Label/Point 
Point/XY
Attribute-Primary 
Attribute-secondary

RASTER

Raster Logical Structure 
Raster Ancillary Attribute 
Raster Image Data

The Cartographic Object Form consists of exchange modules for 
point, line, area, and grid cell type representations that 
follows a logical data organization closely aligned with the 
"dictionary" definition of the objects. The Relational Form 
consists of relations that define point, line and area objects; 
hence the logical data organization is of a simpler form than in 
the Cartographic Object Form. The Raster Form consists of 
exchange modules used to represent imagery data.

The draft of the Interim Proposed Standard that appeared in 
Report 6 is now being called a "method for implementation" of the 
exchange modules. This is discussed in section 3.4.6.

3.3 Testing the Interim Proposed Standard

A public call for participation in testing the interim proposed 
standard went before the cartographic community in the Spring and 
Summer of 1985. The categories for participating in a test of the 
data exchange standard are: Federal and Non-federal. The Federal 
participants would be from the Federal Government Agencies. The 
Non-federal would be from academic and industry organizations, 
and state and local government agencies. The test categories were 
also subdivided into formal and informal tests. Participating in 
a formal test required that a report be submitted to the 
committee documenting all stages in the test. An informal test 
required no report, but the committeee did ask to be kept 
informed as to the outcome of the tests.
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3.3.1 Teat Participants

Participants agreeing to take part in a Formal Federal test were:

Defense Happing Agency in the Dept. of Defense, both
Aerospace Center and Hydrographic/Topographic Center 

National Ocean Service of NOAA in the Dept. of Commerce 
U. S. Geological Survey in the Dept.- of Interior

Participants agreeing to take part in the Formal Non-Federal test 
were:

Assessing Department of the City of Boston, Massachusetts
Hap Department of DuPage County, Illinois
Geographic Technology Inc. from Bellingham, Washington

Informal Tests were undertaken by members of the committee at:

Jet Propulsion Laboratory from Pasadena, California 
U.S. Geological Survey at EROS Data Center from Sioux Falls, 

South Dakota

3.3.2 Test Methodology

A testing methodology was devised as a guideline to help testers 
perform similar functions and document their experience 
accordingly. Two levels of tests were undertaken: level 1 and 
level 2. A level 1 test is essentially a "pencil and paper" test 
to determine the suitability of the exchange modules in different 
application environments. This test included the first three 
steps of the eight step methodology listed below. A level 2 test 
consisted of all eight steps of the test methodology as listed 
below, including an automated portion in addition to the "pencil 
and paper" test. The steps in the testing methodology are as 
follows:

1. Source data base examined in terms of exchange modules.
The source data base for an organization is to be examined 
as for the suitability of the exchange modules to transfer 
data from that source data base to another environment.

2. Manual mapping of source data base records, fields and 
subfields to target exchange module records, fields 
and subfields.
Subfields in the source data base are to be matched against 
subfields in the exchange modules. This mapping of source to 
target is to documented.

3. Compile a report documenting the mapping.
A report should contain the suitability of the exchange 
modules for use in the testers application environment. 
The report should contain the mapping of the source data 
subfields into the target data subfields.
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4. Encode the source to target mapping in an implementation.
The source to target mapping is to be encoded for inclusion 
in an automated test.

5. Load a data set into the exchange module/form using an export 
interface.

A data set is loaded onto a transfer medium as per the 
encoding performed in the previous step.

6. Using the same data set, retrieve the data set from the 
encoded form back into the original fields using an 
import interface.

The data should be retieved back into the original file
structure.

7. Transfer the data set to a foreign environment and retrieve 
the data set via an import interface.

A data set is to be transferred to a foreign environment 
which has a different file structure.

8. Compile a report documenting the procedures and conclusions.
A report shoould include all findings from each step of the 
test. Conclusions should be developed as an assessment of 
the completeness of the interim proposed standard.

3. 3. 3 Test Results

All participants in the Formal Federal test completed their 
portion of the level 2 test. The Cartographic Object Form from 
the September draft standard was used. The full report appears in 
Appendix A. An implementation of ISO 8211 data descriptive file 
specification was used to operationalize the test.

The general conclusions from the Formal Federal test are as 
follows:

- The similarity of converted files is misleading because the 
same subfields in certain exchanges modules had a different 
interpretation of data field meaning among the organizations.

- An interchange requires knowledge of the other organizations 
mapping from source data base subfields to target exchange module 
subfields.

- A data exchange involving several modules would be sufficiently 
complex as to require more than one DDF and input file or a 
complex interface to the originating data base."

- The Interim Proposed Standard at the time tested requires more 
detail to be useful in an exchange environment of non- 
communicating organizations.

- The next stable version of the interim proposed standard 
should be tested.
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The City of Boston Assessing Department completed a report on a 
"pencil and paper" level 1 test. The Cartographic Object Form 
from a December, 1985 draft was used in the test. The full report 
appears in Appendix B.

The general conclusions from the test are as follows:

- Reviewing the Interim Proposed Standard in terms of the City of 
Boston Data Base took the greatest amount of time in the test.

- Approximately three and one-half days were needed to perform 
the manual encoding from source to target subfields.

- The point and line modules are the most appropriate for the 
City's use since the majority of data is land parcel based. These 
modules are satisfactory for transferring City data.

- The arc module looked like it could be useful for transferring 
data, but no attempt was made to encode data.

The other participants were not able to complete tests due to 
shifts in priorities. However, mostly positive feedback was given 
when the material in the draft standard was clarified. This 
indicated that further detail is needed in the text of the 
standard.

3.3.4 Revisions as a Result of Testing

The tests provided considerable insight into the shortcomings of 
the draft standard. The document requires greater detail in 
explanation of the data subfields so that the intent and meaning 
of the subfields is clear. All modules are being clarified and 
further detailed to provide the necessary explanations.

3.4 Current Status of the Interim Proposed Standard

The Interim Proposed Standard is being revised currently to 
ameliorate the shortcomings uncovered during the testing stage. A 
summary of some of these changes is presented here.

The document is being rewritten in a style as close as possible 
to the ANSI Style Manual.

Repetitive sections of the document are being reduced, and 
generic explanations with respect to subfields are being included 
to simply the reading of the document.

Several exchange modules are being reviewed to bring them into 
closer coordination with the Federal Interagency Coordinating 
Committee on Digital Cartography (FICCDC) Standards Working 
Group. This includes all modules in the Global Information 
Grouping as well as all modules in the Cartographic Object Form.
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3.4.1 Global Information Modules

The exchange modules in the Globals Information Grouping 
currrently in the standard are listed in Table 2.

Table 2. 
Globals Information

Bootstrap - for describing hov the data transfer is implemented
Catalog - 3 modules for directory, cross reference, and domain
Identification - identify the data set
Security - security level of the data set
Spatial Reference - spatial address parameters and orientation
Coverage - geographic extent of the data set
Hap Projection - describe the projection used
Registration Points - register the data set to the earth

3.4.2 Data Quality Modules

The Data Quality modules have been simplified to include a 
general comment field only.

3.4.3 Cartographic Object Form

Modules in the Cartographic Object Form have been revised to 
reduce the number of modules by eliminating the redundancy in the 
data representations. The object representations for the FICCDC 
Standards Working Group and the NCDCDS Working Group I have been 
coordinated to produce a similar set of representations. Those 
object representations are listed in Table 3.

**NOTICE**

Readers desiring a copy of the full de­ 
scription of the cartographic object 
modules should write Prof. Moellering 
at Columbus headquarters. A copy of 
the object form descriptions will be 
available in late May, 1986. Please 
write to Prof. MOellering at the address 
given in the front of this report.
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Table 3.
Cartographic Object Form 

Modules and Object Representations

Ty_ge Q^Jigct Representation Representation

Point-Node Point X
Feature Point G
Label Point T
Area Point A
Node N

Line String S
Link Q
Directed Link B
Chain U
Point Chain E
Area Chain L
Network Chain W

Polygon-Ring Polygon represented using P
line module(e)
Polygon represented using R 
ring<s)
Polygon represented using C 
spatial addresses 
Ring represented using D 
line module(s)
Ring represented using V 
spatial addresses

Arc Arc Z

Grid-Definition Straight encoding with I
cell values
Straight encoding with J 
attributes
Run encoding with cell K 
values 
Run encoding with attributes M

Grid-Cell Same as for Grid-Definition 

Feature Feature F

Attribute Same as object to which 
Description attribute pertains
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3.4.4 Relational Form

The description of the exchange modules in the Relational Form 
has been revised since the last draft to include a generic 
description of relations having the following content: 
typel/type2 and type/spatial_address. An additional schema 
exchange module has been added to the Form. These modules are 
listed in Table 4.

Table 4. 
Relational Form

Schema

typel/type2
Feature/Element
Polygon/Ring
Polygon/Chain
Polygon/Point
Ring/Chain
Ring/Point
Chain/Point
Node/Chain
Node/Point
Label/Point

type/address
Polygon/Address 
Ring/Address 
Chain/Address 
Node/Address 
Point/Address

Chain-topology

Attribute-primary

Attribute-secondary
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3.4.5 Raster Form

The Raster Form contains three modules:

Raster Logical Structure

Raster Ancillary Attribute

Raster Image Data

3.4.6 Implementation of the Standard

The implementation of the cartographic data exchange standard can 
be done currently with three methods:

- ISO 8211 Data Descriptive File specification

- FICCDC delimiter specification

- NASA/JPL General Data Interchange Language

In the fall of 1985 the International Standards Organization 
adopted a method of encoding relational and hierarchical 
structured files call ISO 8211. This technique stores a data 
definition record as part of the information to be transferred 
with a file so that a receiving system can directly decode the 
file wihout resorting to external documentation. The Formal 
Federal test utilized an implementation of this specification to 
test transfer of exchange modules.

The Federal Interagency Coordinating Committee on Digital 
Cartography has proposed a method of delimiters for the encoding 
of subfields, fields and records of a data set. This will soon be 
tested to determine the feasibility of such an approach.

NASA has been funding a project at the Jet Propulsion Laboratory 
to define a means to encode and decode in a flexible manner real- 
time transfer, as well as archival transfer, of space image data. 
This effort has resulted in the specification of a general data 
interchange language operationalizing the transfer of data.

Each of the methods proposed for implementing the cartographic 
data exchange standard have their particular strong asnd weak 
points. Further testing will determine the advantages and 
disadvantages of each of the three methods.
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Appendix A

Interim NCDCDS Testing Report

A. A. Brooks 
J. V. Upperman

February 20, 1986
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Interim NCDCDS Testing Report 

February 20, 1986 

Abstract

The NCDCDS (Sept 1985 version) was tested by constructing 
mapping tables and corresponding software for three data 
files: NOS/SDDEF, DMA/SLF and USGS/DLG. The procedure re­ 
vealed that several data items in each file were not mapped 
into the NCDCDS in a well defined and unequivocably inter- 
pretable manner. This stemmed from both the outright lack 
of some fields or subfields in the NCDCDS and imprecise 
specifications. Also, data which users might consider as 
equivalent for many purposes was mapped into different loca­ 
tions, making interchange difficult. It is apparent that 
users are not sufficiently constrained by the NCDCDS docu­ 
ment.

It is not clear that all of these difficulties will be re­ 
moved by the new document (based on the NBS meeting of Janu­ 
ary 8-10, 1986). The solution may lie only in a smaller 
number of more robust interchange forms which will constrain 
users in the use of one form for similar data albeit some 
subfields would be null.

Comments on the NCDCDS Interfaces

The goals of producing the best possible interfaces by 
knowledgeable users and, at the same time, evaluating how 
the standard will be interpreted by de novo users are mutu­ 
ally incompatible. Therefore, in order to make the testing 
of the NCDCDS and ISO 8211 as indicative as possible of its 
future viability in the hands of de novo users, the imple­ 
mentation and critique were done separately under the fol­ 
lowing guidelines:

1. When possible, the mappings as received from the source 
agencies were used without consultation. The implementor 
made as few changes as possible without contravening the 
NCDCDS proposed standard in its current form. Where consul­ 
tation was necessary, it has been documented, in order to 
indicate where and how the de novo user might be misled by 
the standard.

2. The critique, on the other hand, has been constructed 
after consultation and used the best insight of all partici­ 
pants.

These guidelines assign all the misunderstandings and mis­ 
takes of the individual participants to the standard, to be
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documented and corrected, if necessary. During the testing 
period, 9-15-86 thru 1-15-86, the NCDCDS proposed standard 
underwent numerous changes which were not completed before 
the end of the test period. Therefore, it was decided that 
the test should be concluded against the September 1985 
draft. The changes to the standard either retained or ex­ 
panded the conceptual capabilities of the NCDCDS proposed 
standard. It is not yet clear how the changes have affected 
the NCDCDS/ISO 8211 file structure or the specific implemen­ 
tations of the test.

The interfaces for the NOS/SDDEF, DMA/SLF and USGS/DLG stan­ 
dards to the NCDCDS, using ISO 8211 as the interchange vehi­ 
cle, were programmed from the mapping information provided 
by the participating agencies. The tags, field names and 
labels were taken from the NCDCDS proposed standard with the 
following modifications:

1. The MODNAM subfield was dropped as there was no con­ 
census about its contents and it seemed logically redundant 
to the field tag and field name.

2. The labels for the NCDCDS subfields that had no 
equivalent in the source standard were entered as null 
values with specified delimited subfields which were entered 
in the data records as null fields.

3. The NCDCDS field descriptions were truncated after the 
last subfield required by the source standard.

4. Fields, nonexistent in the NCDCDS yet essential to the 
acceptance of the source data, were defined. The details of 
these definitions are described under each interface.

5. The fixed format nature of the source data was preserved 
at the detail level and is reflected in the assigned ISO 
8211 formats.

6. Since the NCDCDS does not specify a single specific 
latitude/longitude format, no attempt was made to convert 
the native formats at this time.

7. Since the NCDCDS does not specify a record and file 
structure, the implementor chose to use a single file struc­ 
ture. Logically, it is the most stringent test case and the 
test should be designed to reveal any problems. The sample 
files do not represent the structure of their parent files 
and it may be easier to produce an interchange file set from 
these files.

The adequacy of the NCDCDS proposed standard and ISO 8211 to
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perform the interchange are discussed separately for each 
source file.

The USGS/DLG Interface

In evaluating this test, it should be remembered that the 
mapping was provided by Robin Fegeas, a WGl member, 
knowledgeable about the NCDCDS proposed standard. The map­ 
ping he provided predated the test period.

The DLG file has eighty byte physical records with logical 
records spanning physical records as necessary.

The DLG interface was reasonably straightforward. Approxi­ 
mately 1500 bytes of source information was held in memory 
while the CATOLOG, IDENTIFICATION, SPATIAL REFERENCE, MAP 
PROJECTION, PROJECTION PARAMETERS, TRANSFORMATION PARAMETERS 
and CONTROL POINTS fields were constructed and placed into 
the first DDF data record. The data records were processed 
one at a time retaining only the brief (20 byte) control in­ 
formation from each header record in memory. The data was 
placed in the NODE, LINE ID LIST, CHAINED BASED POLYGON, 
CHAIN ID LIST, CHAIN POINT LIST and ATTRIBUTE fields as re­ 
quired.

The following are comments on this procedure:

1. No NCDCDS equivalent existed for the DLG NUMBER OF IS­ 
LANDS and none was generated.

2. No NCDCDS field for the DLG NODE-TO-LINE LINKAGE data 
existed and since this field was essential one was generat­ 
ed, LNID, formatted the same as CLST.

3. Four DLG fields (record 2: fields 2,3,4 and file accura­ 
cy records) were tentatively placed in the CATALOG/COMMENT 
field in an undifferentiated manner. This will require ad 
hoc processing on import. This can be avoided by defining 
CATALOG/COMMENT, not as a subfield, but as a tagged field. 
Since COMM is defined, it requires only approval of its use 
after CTLG.

4. One field was tentatively placed in 
IDENTIFICATION/BANNER.

5. The CATALOG field and to some extent the IDENTIFICATION 
field required several null fields. This is not considered 
a serious drawback.

The above items 1-4 should be considered as potentially 
serious in that other implementors, not in communication
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with the exporter, might very well have assigned another lo­ 
cation for this data. Certainly this is true for the LINE 
ID LIST field.

However, on the whole the mapping and implementation should 
be considered reasonably satisfactory for an interim stan­ 
dard. The test revealed only minor deficiencies in the 
NCDCDS proposed standard with respect to DLG.

The NOS/SDDEF Interface

The NOS/SDDEF file uses repetitive 80 byte records with a 
fixed format. The meaning of the data varies with field 
values and contiguous sets of records are logically related 
describing chains, splines, et cetera.

The documentation of the NOS/SDDEF (April 1, 1985) contains 
explicit details of the individual records but does not 
describe the interrecord structure implied by the data. The 
mapping instructions supplied much of this information but 
left some details in question. This was particularly true 
of ARCS, a topic about which NCDCDS is quite vague. There­ 
fore, some additional discussion was necessary and is de­ 
tailed in a letter (Al Brooks to Walt Winn dated 12/17/85; 
response dated 12/31/85). It exemplifies areas in which the 
NCDCDS proposed standard provides little guidance. A meet­ 
ing between Al Brooks and Walt Winn was held on 1/7/86 to 
verify the mapping details.

After the meeting of 1/7/86, the interface software was com­ 
pleted with little trouble. The additional information re­ 
tained in memory while forming the data fields was less than 
80 bytes. Detail comments on this procedure are:

1. Several items from the UHL record (label) were placed in 
CTLG/COMMENT in an undifferentiated format. This is not 
desirable.

2. A new tag, ATTN, with subfields was defined to contain 
the added data about points, strings and arcs. There was no 
apparent location in the NCDCDS proposed standard for this 
information.

3. One field, CTLG, required 14 delimiters for null fields 
before reaching the COMMENT subfield where information was 
stored (see DLG comments). This is not serious but is not 
very elegant.

4. The question of where and how to place the spline infor­ 
mation into ARCS raised fundamental questions about which 
the NCDCDS proposed standard does not provide much guidance.
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Two methods suggest themselves:

a. Transmit the spline equation, its parameters and 
applicable range thus permitting the recipient to 
generate the intervening points.

b. Transmit the spline function and a set of points 
requiring the recipient to generate the spline 
parameters. This may be subject to computational 
precision problems. The spline function could be 
transmitted explicitedly or by reference to an 
external document.

In any case, the NCDCDS proposed standard does not specify 
an approach but leaves it to the varying ingenuity of the 
exporting users. Only the NOS point data and spline type 
were transmitted pending NCDCDS clarification.

All in all, the NOS/SDDEF conversion was technically 
straightforward and successful in that the fundamental data 
mapped successfully into the NCDCDS proposed standard. The 
variances were easily accommodated in the NCDCDS proposed 
standard and the ISO 8211 structure. Again, other mappers 
and implementors could have made other assignments.

The DMA/SLF Interface

The DMA/SLF file contains a greater variety of data belong­ 
ing in Glogals and Data Quality than does the NOS and USGS 
files. Notation and practice in these areas does not seem 
to be at all standardized and it is not surprising that more 
mismatches existed between SLF and NCDCDS than with the oth­ 
er test files. Further evidence is that two independent 
mappings had several inconsistencies. These were reconciled 
but left several questions about NCDCDS data assignments. 
In many cases the implementor was asked to improvise and did 
so. In other cases, multiple elemental SLF data items were 
placed into a single NCDCDS subfield. This gives rise to 
unresolved data items. In certain cases the imlementor felt 
compelled to remedy this situation but could not always do 
so. A detailed itemization of problems follows:

1. The SLF file uses a blocked, spanned structure for logi­ 
cal records in 1980 byte physical blocks. The sample re­ 
ceived did not contain spanning and blocking for the last 
two DSI groups. The DSI groups could be apportioned into 
the NCDCDS format without retaining more than 1980 bytes in 
main memory. The variable length DSI groups, DSRG and DSAG, 
can probably be processed with minor changes in the logic to 
accommodate control fields split across blocks. This group 
contained hexadecimal "00" as filler that was not specified
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in the standard. These characters were replaced by "#" for 
printing purposes.

2. The following are notes on specific tags and fields:

a. IDEN - Relative few subfields used
b. SCUR - Retained the SLF fixed format in a single field
c. DLGC - Non NCDCDS tag for Date Source: questionable

assignment
d. PROP - Scale was included as a parameter 
e. DQLG - Multiple SLF fields were merged into both the

STEP and SPEC subfields
f. DQPA - NCDCDS labels dropped as not appropriate 
g. DQAA - NCDCDS labels changed as not appropriate 
h. DSAG - Non NCDCDS tag for SLF DSAG group if present 
i. CHN - Only the CHAINID subfield used; SLF assumes a

different reconstruction process 
j. ATTR - Dropped labels as inappropriate; field contains

forty character blocks of SLF feature "header" 
k. ELEM - Element type included with ELEMENID

The implementor received the impression that SLF was forced 
into the NCDCDS format in a not too satisfying manner with 
some data omitted. This was apparent from the differences 
in the original maps, the unanswered questions of the second 
map and the liberties allowed the implementor. It is clear 
that other implementors would make different assignments.

General Impressions and Comments

1. Any apparent similarity of the converted files based 
upon tags alone, or even subfield labels, is misleading. 
One must examine the subfield contents and meaning of the 
data to determine equivalence.

2. Interchange through the NCDCDS proposed standard, in its 
present (September 1985) state of specification, would re­ 
quire a knowledge of the source data file format and specif­ 
ications. To be mapped into each other through the NCDCDS 
proposed standard, two files must be conceptually compatible 
with the NCDCDS format and with each other. Rather than us­ 
ing existing native interchange formats, the process should 
probably take place between the parent files.

3. The NCDCDS specifications were not precise enough to en­ 
able "mappers" to produce uniformly satisfactory "data maps" 
and this problem would be exacerbated if more than one im­ 
plementation were involved or if test files of richer con­ 
tent had been used.

4. A large and complete interchange would very probably
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require multiple interchange files which would best be pro­ 
duced by providing separate input files to the ISO 8211 im­ 
plementation software and not by the single file approach 
used in the test. A greater flexibility for change will be 
attained by the multifile approach.

5. The NCDCDS proposed standard requires considerable 
enhancement before two noncommunicating implementations can 
exchange data. As it currently stands the receiving logic 
must be based at the tag/field level not at the file/record 
level. More detailed specifications for the meaning and use 
of the fields and subfields is required; more file and 
record specifications are required.

6. Testing of the September 1985 NCDCDS proposed standard 
has served its usefulness and the effort should be moved to 
the next "stable" version of the NCDCDS proposed standard as 
soon as it is made available.

Potential for Interchange using the NCDCDS Proposed Standard

The potential for interchange by noncommunicating parties 
can be judged from the data represented in "Attachment 1" 
that illustrates the usage of tagged fields and subfields. 
This does not ensure that the fields were used with the same 
meaning or detailed data format. The tag overlap varies 
from 5 to 40 percent. The recipient would certainly need to 
know the origin of the interchange file. Undoubtly, a con­ 
census on the use of the NCDCDS fields might improve 
matters. This may be attainable between noncommunicating 
users only by rigidly specifying a smaller set of more 
robust interchange forms thus constraining the user to place 
similar data into the same tagged field. In some cases, 
data forms would have globally null fields and a neutral 
terminology would need to be adopted. The data represented 
in "Attachment 2" illustrates the difficulty encountered 
when exporting a file to the NCDCDS format and then import­ 
ing the same file back into its native format.
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Attachment 1 

NCDCDS (Sept. 1985) Tag usage table for NOS, DMA and USGS files

X « tag used; N/M = N out of M subfields in common;
? = private tag; # = varying meaning; * = repeating subfield,
additional field contents may have varying meaning

TAG 

0001

CTLG
PNT
PLST
ARCS
STRG
ATTN ?
I DEN
SCUR
SREF
DLGC ?
CVRG
MPRJ
PROP
MTRG
CPNT
DQLG
DQPA
DQAA
CHN
NODE <
FEAT
ATTR
ELEM
DSAG ?
LNID
CPOL
CLST

NOS 

X

X 1/1
X
X 2/2
X
X
X

| N0£

DMA 

X

X 2/3

X 0/2
X
X 3/13
X
X
X 0/2
X I/*

X 5/7
X
X
X
X 1/1
X 3/4
X
X
X
X

3 1

USGS 

X

X 1/3

X 2/2

X 0/2

X 3/3

X 0/1
X I/*
X
X 5/5

X 1/5
X 3/3

X

X
X
X

COMMENTS 

DDF record ID

Comment subfield

*

Summary
T? -10 "l/^o in Potntnon

1/23//2 I 2/18//3
N/M//S

N out of M fields 
S subfields

DMA I            I USGS 
.     9/23//15      
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Attachment 2 

The Import Interfaces

The import interfaces (i.e., moving data from the ISO 8211 
system back into their original file structures) have been 
constructed to evaluate the viability of the NCDCDS proposed 
standard to effect interchange between noncommunicating par­ 
ties. This implies that the recipient has the following in­ 
formation:

1. The NCDCDS proposed standard and references
2. The ISO 8211 standard and references
3. The specificatiions of the target file (in this 

case, the original file)
4. The DDF data descriptive record

As it is easy to inadvertently make use of information not 
truly available to the user under the test guidelines, it is 
also useful to state specifically what information the tar­ 
get user does not have, namely:

1. The source file mapping table
2. Any privileged information of the export implementor

Under these conditions, foreign tags, fields and subfields 
as well as the nondocumented details of data structure 
within elementary ISO 8211 fields cannot be recovered from 
the interchange file. Or conversely, only those fields in 
the NCDCDS proposed standard which have readily apparent and 
unique equivalence in the source and target files will be 
recoverable with any certainty. Without the source mapping, 
any subjective decisions by the recipient will be cause for 
doubt about whether or not the sender made the same subjec­ 
tive decisions. Thus, not only must the NCDCDS proposed 
standard be sufficiently robust to accept a file, in the ab­ 
sence of the source mapping its specifications must leave 
the recipient no doubt as to the intent of the sender.

Under the above guidelines, the following comments apply to 
the tagged fields and subfields of the ISO 8211 files.

NOS.NCDCDS.PDF

1. CTLG/COMMENT - no target for DDF subfield
2. PNT/POINTID - no target for DDF subfield

GEOQUAD - subfield not in NCDCDS
X,Y - data format ambiguously defined in NCDCDS
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3. ARCS/ARCID
ARCTYPE

4. STRG/STRINGID
5. PLST/GEOQUAD 

X,Y
6. ATTN

- no target for DDF subfield
- no target for DDF subfield
- no target for DDF subfield
- subfield not in NCDCDS
- data format ambiguously defined in NCDCDS
- tag not in NCDCDS

USGS.NCDCDS.DDF

1.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

DMA

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.

CTLG/LAYER

IDEN
SREF
MPRJ
PROP
MTRG
CPNT
NODE
LNID
CPOL
CLST
CHN
PLST
ATTR

MAP
COMMENT

. NCDCDS . DDF

IDEN
SCUR
DLGC
CVRG
SREF
MPRJ
PROP
CPNT
DQLG/DATEREV

DQPA
DQAA
DSAG
CHN
PLST
NODE
FEAT
ATTR
ELEM

PROAGENCY
SPEC
STEP
DATESOURCE

no target
assignable
no target
assignable
assignable
assignable
assignable
assignable
assignable
assignable
tag not in
assignable
assignable
assignable
assignable
no target

for DDF subfield 
in target file

for DDF subfield 
in target file 
in target file 
in target file 
in target file 
in target file 
in target file 
in target file 
NCDCDS
in target file 
in target file 
in target file 
in target file

for DDF subfield

assignable in target file
not NCDCDS usage
tag not in NCDCDS
not NCDCDS usage, lat/long unresolved
assignable in target file, -lat/long
assignable in target file
assignable in target file
assignable in target file
no apparent target
assignable in target file
not NCDCDS usage, unresolved subfields
not NCDCDS usage, unresolved subfields
not NCDCDS usage
not NCDCDS usage
not NCDCDS usage
tag not in NCDCDS
assignable in target file
assignable in target file
assignable in target file
not NCDCDS usage
not NCDCDS usage
not NCDCDS usage
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I. INTRODUCTION

The following test was undertaken for the National Committee for 

Cartographic Data Standards by the City of Boston Assessing 

Department .

The City of Boston is presently performing digital data base 

building through parcel line data capture. There are approximately 

108,000 land parcels in the City within about 56 square miles.

The testing procedure as described in the National Committee's 

Testing Methodology memo (9/1/85) was followed. The test included 

a review of the Cartographic Object Form Exchange Modules and an 

evaluation of their appropriateness^ as transfer vehicles for 

Boston's graphic and related non-graphic attribute data. Since 

data capture is not complete in Boston, some assumptions were made 

as to what type and form data would be expected to be captured in 

the near future. Although all exchange modules were evaluated, 

only two(2) exchange modules were selected for manually encoding 

data from the Boston data base. The cartographic objects used 

for encoding were points(PNTS) and lines(LINE). These were chosen 

for two reasons. First, they were the most typical features captured 

as Boston builds its graphic data base. Second, points and lines 

represent the most probable data types that the City will be asked 

to share with others (i.e. municipal and regional utilities and 

State Agencies).

The "point" data chosen for encoding is the visual centroid of the 

land parcel. Simple text presently is placed at this point and 

attribute data including;

WARD

PRECINCT

BLOCK

STREET ADDRESS
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LAND USE 

PARCEL NUMBER 

MAP NUMBER 

TRACING NUMBER 

have been associated with that graphic element.

The "lines" chosen for encoding are the parcel lines. While there 

are Arcs and Linestrings which also comprise these parcels, "lines" 

are by far the most dominant type. Attribute data including;

WARD

PRECINCT

BLOCK

BRA MAP

TRACING NUMBER

RECORDED DIMENSION 

have been associated with that graphic element.

II. ENVIRONMENT

The City of Boston operates an Intergraph System, composed of a 

dedicated VAX 11/751, two(2) monochromatic dual screen high per­ 

formance work stations, one(l) color dual screen high performance 

work station, one(l) monochromatic and one(l) color, single screen 

work stations, three(3) V80 11" raster plotters, a 34" raster 

bed plotter and a 34" pen plotter. The software presently on the 

system includes;

Interactive Graphics Design System

Coordinate Geometry

World Mapping

Land Records Management

Drawing Management Services

Grid Data Utilities

3-D Graphics

Graphic Polygon Processing Utilities

Only minimal non graphic data are kept on the system. The non
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graphic data were selected for storage and maintenance on the 

system on the basis of its commonality as a City-wide data ident­ 

ifier and its potential as a display parameter for probable thematic 

and analytical applications.

III. DATA ENCODING

The following testing methodology was used.

- Review the National Standards for Cartographic 

Object Form Exchange Modules

- Review internal methodologies of Cartographic 

and attribute data storage

- Select a subset of the Object Forms to encode

- Encode the subset of Objects and attribute data 

in accordance with the National Standards

- Review all the Cartographic Object Form Exchange 

Modules and evaluate:

a) Suitability/appropriateness to 

Boston's data

b) Sufficiency to transfer Boston's

Data

Review of the Natonal Standards was the most time consumming 

activity, while review if internal methods of data storage was 

the next most time consumming. This was most likely a function 

of the testers unfamiliarity with the nature of cartographic 

objects' data formatting as any other factor. It is estimated 

that from three to four person days were required to prepare 

for the first manual encoding. Actual encoding time for the 

sample data was neglibible. The test was not structured to 

determine encoding times, however, it seems that programming 

resources needed to automate the encoding process would not be 

trivial.
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It was found that both the point and the line Exchange Nodules were 

appropriate as a data transfer medium for graphic and non graphic 

attribute data. The following Table A represents the results 

of evaluating the remaining Exchange Modules with regard to their 

being appropriate as data transfer mechanisms and/or whether the 

Exchange Module describes any cartographic object presently in 

the Boston data base.

IV. SUMMARY AND CONCLUSIONS

Generally the National Committee for Cartographic Data Stand­ 

ards, Object Exchange Modules provide an adequate format for 

encoding parcel lines and parcel centroids graphics and non graphics 

attribute data found in the City of Boston's data base.

It is, however, unclear as to how much resources are required to 

perform large scale automated data encoding. It is the opinion 

of this tester that those resources would not be trivial. 

The need to develop the capability of data transfer here in 

Boston is becoming increasingly evident. As of this date two(2) 

public utilities have requested sample Municipal graphic data 

in order to determine if it is feasible to use these data as a 

component of their data capture process. While one of these 

utilities is presently operating a system manufactured by the 

same vendor the other utility has not yet chosen a vendor. 

Other utilities and State agencies have intitiated activity 

in purchasing automated mapping systems.

It is therefore quite probable that either the local utility and/or 

the State agencies will be faced with using various municipalities 1 

data and will need to utilize a data transfer mechanism which 

. will deal with the problems of compatability of multiple digital 

cartographic data storage systems.
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TABLE A

^x. Evaluation
^XCriteria

^x.
^N^

Exchange ^N^
Module ^X^

POINT

Feature
Label
Area
Node

LINE
Segment
String
Link
Directed Link
Chain
Point Chain
Area Chain
Network Chain

POLYGON
Line Identifier
Polygon Identifier
Coordinates

ATTRIBUTES

ARCS

GRID

CELL

FEATURE

Suitability
to Boston's
Data Base
Environment

NO
YES
YES
YES

YES
YES
NO
NO
NO
NO
NO
NO

YES
YES
YES

YES

NO

NO

NO

Sufficient
to Transfer
Data

NA
YES
YES
YES

YES
YES
NA
NA
NA
NA
NA
NA

YES
YES
YES

YES

NA

NA

NA
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TAG

MODETYPE

ENCODTYPE

OBJID

NUMATT

HUMCOORD

ATTNAME 
WARD 
PRECINCT 
BLOCK 
BRA_MAP 
TRACING_NUM 
REC DIM

LINE 

L

5

6

2

ATTVAL 
15
04
005
16N12E 
0015005 
40.00

717042478000

477639716000

0

717074635000

477663503000

0

ATTUNIT

FEET
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TAG

ENCODTYPE

OBJID

X

Y

Z

NUMATT

ATTRIBNAM 
WARD 
PRECINCT 
BLOCK 
STREET 
ADDRESS 
ADDRESS_SUFF 
LAND_USE 
PARCEL _NUM 
BRA_MAP 
TRACING NUM

PNTS 

A

717088292000

477611412000

0

10

ATTRFMT 
12
12
13
A25
A6
A3
A5
19
A6
A8

ATTVAL 
15
04
005
FERNALD TER 
3

R-2

028870000 
16N12E 
0015005
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Testing the Interim Proposed Standard 
for Digital Cartographic Data Quality

Report of the testing phase, Cycle 4
National Committee for Digital Cartographic Data Standards

Working Group n on Data Set Quality

prepared by N. Chrisman

Membership of Working Group n on Data Set Quality:
Nicholas Chrisman (chair) University of Wisconsin-Madison
Charles Poeppelmeier (vice-chair) Defense Mapping Agency
Frank Beck U.S. Geological Survey
Wallace Crisco Bureau of Land Management
John Davis Kansas Geological Survey
Gunther Greulich Survey Engineering of Boston
George Johnson National Cteean Service NOAA
David Meixler Bureau of the Census
Dean Merchant The Ohio State University
George Rosenfield U.S. Geological Survey
John Stout private consultant

4.0 Background Working Group n on Data Set Quality has the mission to develop standards for 
the quality components of digital cartographic data. Deliberations between 1982 and 1985 lead to 
the Interim Proposed Standard published in Report 6 of this series. For further information on 
the earlier activities, please refer to the previous reports. Over the past year, efforts have focused 
on testing the interim proposed standard. This report summarizes the results of the testing.

Quality standards can be defined in many ways. For a particular product, such as a large-scale 
topographic map or a cadastral survey, it is usual to set a performance standard - a fixed 
numerical threshold that all products must meet In other cases, such as the approach applied to 
geodetic surveying until very recently, standards consist of specifications for the procedures that 
should lead to acceptable results. Both approaches are linked to specific products and identifiable 
uses. The mission of this committee is much broader. Digital cartographic data is a generic term 
for a broad range of products. Modern applications of digital cartographic data have also 
modified the expectations about end use. Producers can no longer predict the requirements of all 
the potential users.

The approach adopted by this Working Group is termed "truth-in-Iabelling". This approach 
places requirements on both the producer and the consumer. The producer must disclose all the 
information needed to evaluate the data, and the user must perform the evaluation of fitness for 
use relative to the particular application. For such a system to operate, a producer must have a 
guidelines for the items which must be transmitted to permit evaluation. This Working Group 
intends to create a standard for use by producers to create a quality report. Report 6 contained 
an Interim Proposed Standard which will be refined into a Proposed Standard for potential 
adoption in 1987. From the results of testing available, the contents of the quality report 
specified in Report 6 will probably not be radically altered in the standard proposed. However, 
our testing was only performed from the producer's end. The Working Group is relying on the 
readers of this report to evaluate the quality reports included to determine if they communicate 
adequate information to evaluate fitness for use.
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4.1 Response to comments Since the publication of the Interim Proposed Standard, a number of 
comments have been offered in written form or at public hearings. A few of these were issues of 
clarity which will result in revised wording in the new draft of the standard. Most of the 
comments have dealt with terminology. The Working Group has examined these comments and 
has decided, in almost all cases, not to modify the terms proposed. One commentor urged the 
Working Group to adopt some of the approaches described in the literature on quality assurance 
and quality control (QA/QC). This literature formed a part of the examination of alternatives in 
Cyle 2, and is the origin of our fitness for use concept. Most of the QA/QC methods apply to 
circumstances in production flow where a consistent set of specifications and thresholds can be 
applied. By contrast, this Working Group is charged with the use of quality information in the 
exchange of data outside producing agencies. The interim proposed standard may increase the 
awareness of QA/QC inside producing agencies, but there is no intention to change internal 
procedures.

Another theme of comments concerns stringency. The Interim Proposed Standard can be read as 
a very detailed list of information to be transmitted. This might increase costs and difficulty. 
However, others found that the standard had been interpreted too liberally so that virtually any 
result complied with the standard. The difficult conclusion is that both comments are valid. The 
truth-in-labelling standard covers a broad range of information desired, and it also accepts an 
practical limits to complete realization. The proposed standard will frustrate those who want a 
specific list to apply to all products. No single list can cover the range of products in the 
committee's mandate. The Working Group considers that its approach combines sound theory 
and a practical implementation.

4.2 Results of testing Over the past year, the Working Group has conducted three kinds of tests 
of the Interim Proposed Standard, external, Federal, and internal. This section will review the 
process used and the results obtained. Two quality reports produced in this process are provided 
in as an appendix to this section of the report

Internal tests are largely an extension of the functioning of the Working Group. Members of the 
group were chosen for their interest and expertise in the topic, so it is not surprising to find some 
continued efforts. The main work used in this phase of the standards process was in the form of 
prototype quality reports. After a few draft papers circulated around the committee, N. Chrisman 
produced a quality report for a digital product from his current research project. The Working 
Group accepted the report as a prototype at its meeting at Indianapolis. This quality report is the 
second appendix to this chapter.

Federal tests were arranged in cooperation with the Federal Interagency Coordinating Committee 
for Digital Cartography. The Soil Conservation Service (SCS) volunteered to carry out not 
simply a quality report, but a comprehensive survey based on the concepts of the standard. SCS, 
in its national office of Cartography and Geographic Information Systems, maintains a catalogue 
of all the data bases containing soils data derived from SCS surveys. Much of this effort has 
been carried out at the regional, state, or county level. The national office developed a 
questionaire to find out more about each digital data base. By the time of our meetings, SCS had 
been through a few drafts, and had received responses from the three states used as a trial run. 
SCS plans to refine this questionaire, then plans to send it to all states. Because the draft nature 
of this document, it is not included in this report. The questionaire demonstrates that the 
categories of the standard were useful for operating a data inventory, which is closely related to 
the intention of a quality report. A later version of the SCS questionaire may be included as an 
appendix to the Proposed Standard as a guideline for the issues which must be addressed to 
complete a quality report.
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External tests are intended to provide reaction particularly from the private sector. From a small 
number of volunteers, two groups were selected to test the quality standard. Two individuals 
from the Timberland Cartographies operation of Boise Cascade Corp. were comissioned to 
produce a quality report for a project they planned to take on. By the time the testing should have 
been complete, these two had left Boise Cascade. No test report was obtained. This result 
should not reflect upon the standard; volunteer efforts depend on personal circumstances which 
can not always be perfectly predictable. The other test involved a digital land base developed for 
Bell South Services by Donohue Intelligraphics and subcontractor Aero-Metric Engineering. 
Earlier in the year, these contractors had delivered a land base for telephone utility management. 
Together, these three groups produced a quality report retrospectively. The product is presented 
as an appendix to this chapter. The Working Group believes that the Bell South product 
represents minimal compliance with the Interim Proposed Standard. To complete the process, 
readers should evaluate this quality report and determine if it communicates the basic information 
to allow a judgement on fitness for use.

The adoption of this standard will depend, in part, on the difficulty of compliance. Over the 
process of designing the standard, the Working Group has had to consider cost of 
implementation along with technical needs. The Bell South test provides some evidence that the 
standard will not create large dislocations. Because it was retrospective, the test shows that 
Donohue and Aero-Metric Engineering were able to assemble the information for the quality 
report from their existing archives. Thus, the information for this quality report did not add to 
the cost of constructing the land base. Writing the quality report did have a cost, but it amounted 
to a few person-days. Donohue reports that many customers require some form of quality 
information to be delivered. If the quality report becomes accepted as a standard, the uniform 
organization may simplify this task.

Another interesting result of the external test is that there was some form of information to enter 
into each section of the quality report. Even though the product was produced for a primarily 
graphic purpose, the kinds of checks usually associated with analytical applications had been 
applied to at least some part of the data.
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QUALITY REPORT FOR
WILMINGTON-EAST DISTRICT

BELLSOUTH DIGITAL LAND BASE

February 14, 1986

Jim Ferree, Staff Manager
BellSouth Services

14G56 Southern Bell Center
675 W. Peachtree Street

Atlanta, GA 30375
(404) 529-0274

in cooperation with

Larry Keenan, Project Manager
Donohue Intelligraphics
4738 North 40th Street
Sheboygan, WI 53081

(414) 458-8711

and

Bernard S. Schur
Aero-Metric Engineering Co., Inc 

4708 North 40th Street 
Sheboygan, WI 53081 

(414) 457-3631
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INTRODUCTION

This report summarizes the quality which can be expected from 
the digital land base of the Southern Bell Wilmington District, 
East section in the version delivered by BellSouth to Southern 
Bell. Appendix A indicates the area covered by the Wilmington- 
East District, an area of 1487.6 square miles in southeast North 
Carolina. The digital land base covers portions of four 
counties (Brunswick, Columbus, New Hanover, and Fender) and 
portions of 32 quadrangles (see Appendix B).

As suggested in the National Committee for Digital Cartographic 
Data Standards (NCDCDS) Interim Proposed Standard (IPS), a 
quality report is intended to communicate information about a 
digital product. Any users must evaluate the results to 
determine whether the data is suitable for a particular use.

This report consists of five parts: Lineage, Positional 
Accuracy, Attribute Accuracy, Logical Consistency, and 
Completeness (the components required by IPS).
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LINEAGE

This section describes the history of the Wilmington-East 
digital land base from the original source materials to the 
final digital product. This description does not cover all 
aspects of production, but tries to cover any information with 
potential impact on quality.

A project design was jointly established by Donohue 
Intelligraphics and Aero-Metric Engineering. The main criteria 
was for a flexible digital land base that would meet an accuracy 
of plus or minus 50' while allowing for a timely and cost 
effective approach. The format selected was one that had 
previously been successfully completed and verified as having 
the ability to meet the project requirements.

The basic land base development process involves enlarging and 
rectifying quad sheets and aerial photography, constructing a 
composite of the quads and photography, digitizing, and editing. 
This process is described in detail below.

An East/West flight pattern was designed to allow for three 
flight lines per quadrangle. Each line covered approximately 
1/3 of the quadrangle. This format allowed for a reasonable 
enlargement factor from the aerial negative to the final mylar 
rectified photo base. Each quadrangle flight line was further 
sub-divided into three panels to allow for a convenient working 
size image. Appendix B lists the quadrangles used for 
compilation of the land base.

The aerial photography was flown in February - April 1984 at 
elevations of approximately 10000-13000'. The camera (Zeiss 
Jena LMK 15/2323, Serial Number 244665A) produced 9x9" negatives 
using a 153 mm lens (6"). The scale of photography, therefore, 
is approximately 1:24000. The calibration report for the camera 
is indicated in Appendix C. The type film used was Kodak XX and 
Kodak Panatomic. Additional specifications relating to the 
aerial photography are listed in Appendix D. The original 
photographic negatives are stored at Aerometric Engineering.

The 7.5 minute (1:24000) quads are divided into nine panels and 
enlarged to 1"=400 I (1:4800). This enlargement is produced on a 
mylar base, utilizing a Brown precision copy camera at 
Aerometric Engineering, Inc. in Sheboygan, Wisconsin. Tick 
marks were scribed into the original negative made of the quad 
to correspond with the UTM grid indicated on the quad.

The photographs were ratio rectified by Aero-Metric Engineering 
to remove the effects of tilt and a set of positive enlargements 
were made at a scale of l n =400' (1:4800).
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For three portions of the Wilmington-East district (areas 
covered by the Mooretown, Castle Hayne, and Wrightsville Beach 
7.5 minute quadrangles), the USGS quad maps were not available. 
The process for preparing these areas for digitization involved 
the use of orthophotos, prepared by Aero-Metric Engineering.

Unless otherwise indicated/ all remaining processes were 
performed at Donohue Intelligraphics in Sheboygan, Wisconsin.

The reconciliation of land features on the enlarged mylar were 
done by overlaying the quad mylar on top of the enlarged 
photographic positive. Corrections to streets, railroads and 
water features were added to the mylar overlay with a color 
coordinated system. Accuracy was maintained by local 
orientation of the two images.

Street names were numbered on the SAG (Street Address Guide) 
maps using a Street Name Index, supplied by Southern Bell. 
Numbers that represented street names were transferred from the 
SAG maps onto the mylar enlargement. The Street Name Index, 
that contains the corresponding street names and numbers, was 
then loaded into the Intergraph system for later loading into 
the digital graphics file.

Blind digitizing was performed on Calcomp digitizing tables 
using Donohue Intelligraphics software. The tables surface 
measures 30"x40" and has a .001" resolution. The corrected 
mylar enlargements were placed arbitrarily on the table and a 
"3D Conformal Coordinate Transformation", by Wolfe, was used to 
align the coordinate system to agree with the tick marks on the 
mylar acetates.

Appendix E lists the features digitized. Rights-of- 
way, however, were not digitized, but were generated by 
expanding the digitized centerline. Right-of-way lines, 
therefore, are not true rights-of-way but only an expanded 
centerline. ROW lines are represented as 72' width for primary 
roads, 48* for secondary roads, and 36' for 3rd class roads, as 
symbolized on the quad. Interpretation of road classification 
for the aerial photography updates attempted to follow the above 
USGS road classification scheme. The digitizer would enter the 
width of the ROW prior to digitizing the centerline of that ROW.

The centerlines of ROW's were "tagged" with the street name 
number through the use of a cursor data point input. Once 
transferred to the Intergraph System, the numeric street name 
numbers were replaced with the actual street names. The street 
names were then interactively edited to their proper orientation 
with their respective streets.

Once captured at the digitizing station, the digital features 
are stored as ASCII text files. These files were then 
transferred to the Intergraph system by a program written by
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Donohue Intelligraphics. This transfer program expands 
centerlines to proper ROW widths, replaces numeric street name 
numbers with the actual street names, and assigns the line 
weights, line symbology, color, text height, and element type 
indicated in Appendix E to each facet.

After the digitized files have been transferred to the 
Intergraph, 1"=400 I check plots were produced. These plots were 
then checked against the 400 scale mylar quad enlargements and 
known errors corrected.

Additional features were then added to each digital facet file. 
Wire center and exchange boundaries were created by copying to 
the appropriate levels those already digitized features which 
visually correspond to the wire center and exchange boundaries 
in the Southern Bell SAG maps. Digitizing of new lines may be 
performed in order to make boundary lines visually continuous. 
Other boundaries, such as municipal, county, parks, etc., were 
created in the same fashion. Additional annotations (eg. water 
names, railroad names, county names, park names, etc.) were also 
added to the facet file at this time.

A 5000 meter grid was generated to encompass a given wire 
center. Each facet file was then merged into the 5000 meter 
grid system until the entire grid system was filled. 
Edgematching of facets were completed as each facet was merged 
into the 5000 meter grid system and street names were checked to 
assure each street is labeled (i.e. named) at least once per 
5000 meter grid.

After a wire center was merged together, 400 scale check plots 
were again produced. The plots were reviewed against the 
appropriate source documents and corrected for content, 
continuance (i.e. edge matching), and clarity.

A final quality review occurred by producing 1000 scale check 
plots. These plots were given a review primarily for text 
appearance and boundaries. Once the wire center was considered 
complete, a magnetic tape was created by Donohue Intelligraphics 
and sent to BellSouth.

Appendix F charts the major steps, which have been described 
above, in the production of the Wilmington-East digital land 
base.
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POSITIONAL ACCURACY

Positional accuracy of the digital product was estimated to be 
+/- 50'. This was based on calculations for the enlarged 7.5 
minute USGS quads and added digitizing error. This estimate was 
also based on the past experience of Donohue Intelligraphics and 
Aero-Metric Engineering.

Testing of this estimate was performed by Donohue 
Intelligraphics and involved the overlaying of l"=400n paper 
check plots on top of each enlarged mylar positive. Digitized 
centerlines which fell outside the width of the quad 
representation of the roads were investigated against the aerial 
photography and corrected when necessary.

ATTRIBUTE ACCURACY

The only attributes contained in the digital land base are 
feature names (eg. streets , water, counties, wire centers, 
etc.). Testing the accuracy of these attributes was performed 
by Donohue Intelligraphics and involved manual edits using 
source documents (eg. Street Name Index, SAG maps, USGS maps, 
and county maps).

LOGICAL CONSISTENCY

The Wilmington-East district, essentially created on and for 
Intergraph systems, is not a topological land base. Except for 
wire center and exchange boundaries, no features were checked 
for logical consistency. Since the specifications for wire 
center and exchange areas required they form closed polygons, 
these boundaries received added attention during the editing 
processes and were visually checked for closure. The logical 
consistency of the wire center and exchange boundaries were 
checked in subsequent processing of this product and the error 
rate was estimated to be no more than 5%.
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COMPLETENESS

The completeness of most features and attributes were checked 
through the editing processes described previously. Street 
names, however, received special attention.

The source materials used for street naming were the SAG maps, 
Street Name Indexes, USGS maps, and county maps. An alphabetic 
listing of street names was prepared from the Street Name 
Indexes and a number assigned to each street. Each street name 
found on the SAG map was located in the alphabetic listing, 
highlighted on the listing, and the street name number coded to 
the SAG map. If the street name is not found in the listing, it 
is researched against other materials, a name assigned, and the 
name added to the listing (if required). At the end of this 
coding process, any uncoded streets on the SAG map or 
non-highlighted street names on the listing are researched and 
reconciled if possible. Any remaining unnamed streets were 
named NNA (no name available).
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APPENDIX A

WILMINGTON-EAST COVERAGE AREA
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APPENDIX B 

WILMINGTON-EAST QUADRANGLES

USGS Quad

Bolton (15)
Juniper Creek
White Lake
Honey Island
Atkinson
Acme
Lewis Swamp
Lockwoods Folly
Currie
Leland
Winnabow
Punston
Southport
Wallace East
Burgaw
Rocky Point
Castle Hayne
Wilmington
Carolina Beach
Kure Beach
Cate Pear
Pin Hook
Stag Park'
Mooretown
Scotts Hill
Wrightsville Beach
Maple Hill
Maple Hill SW
Topsail
Hampstead
Polkstone
Holly Ridge

Scale

62500
24000
62500
24000
62500
62500
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000
24000

1:24000

Date Last Revised

1954
1942
1954
1943
1955
1954
1943
1943
1983
1984
1943
1943
1946
1981
1981
1970
1980
1979
1970
1970
1970
1981
1981
1975
1970
1980
1981
1981
1970
1970
1981
1970

T/T/EQ1

64



APPENDIX C

AERIAL PHOTOGRAPHY CAMERA CALIBRATION RECORD
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USGS Report No. RSAS/1024

United States Department of the Interior
GEOLOGICAL SURVEY 

RESTON, VA. 22092

REPORT OF CALIBRATION 
of Aerial Mapping Camera

November 26, 1984

Camera type: Zeiss Jena LMK 15/2323 
Lens type: Zeiss Jena Lamegon PI/C 
Nominal focal length: 153 mm

Submitted by: Aero-Metric Engineering, Inc. 
Sheboygan, Wisconsin 53081

Camera serial no.: 244665A
Lens serial no.: 7381334C
Maximum aperture: f/4.5
Test aperture: f/4.5

Reference: E. Coyote Enterprises, Inc., purchase order No. 2256, 
dated October 18, 1984.

These measurements were made on Kodak Micro-flat glass plates, 0.25 inch 
thick, with spectroscopic emulsion type V-F Panchromatic, developed in D-19 at 
68° F for 3 minutes with continuous agitation. These photographic plates were 
exposed on a multicolllmator camera calibrator using a white light source 
rated at approximately 5200K.

I. Calibrated Focal Length; 151.585 mm

This measurement is considered accurate within 0.005 mm

II. Radial Distortion

Field 
angle

degrees

7-5
15
22.5
30
35
40

50

Uffl

1

1
-3
-5
-2

7

0° A-C

urn

3
1

-3
-6

0
8

Dc for
90° A-D

ntfl

3
0

-2
-4
-3

4

azimuth angle
180° B-D

iitn

1
-1

-3
-5
-1

9

270° B-C

»p

-1

2
-5
-6
-2

5

The radial distortion is measured for each of four radii of the focal plane 
separated by 90° in azimuth. To minimize plotting error due to distortion, a 
full least-squares solution is used to determine the calibrated focal length. 
Dc is the average distortion for a given field angle. Values of distortion Dc 
based on the calibrated focal length referred to the calibrated principal
point (point of symmetry) are listed for azimuths 0 90°, 180° and 270°. The
raoial distortion is given in micrometers and indicates the radial displace­ 
ment away from the center of the field. These measurements are considered 
accurate within 5 urn.
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USGS Report No. RSAS/1024

III. Resolving Power in cycles/mm

Area-weighted average resolution: 86.8

Field angle: 0° 7.5° 15° 22.5° 30° 35° 40°

Radial lines 
Tangential lines

95 
95

95 
80

95 
95

95 
95

113 
95

80 
67

80 
57

The resolving power is obtained by photographing a series of test bars and 
examining the resultant image with appropriate magnification to find the 
spatial frequency of the finest pattern in which the bars can be counted with 
reasonable confidence. The series of patterns has spatial frequencies from 5 
to 268 cycles/mm in a geometric series having a ratio of the 4th root of 2. 
Radial lines are parallel to a radius from the center of the field, and 
tangential lines are perpendicular to a radius.

IV. Filter Parallelism

The two surfaces of the 500 No. 50759A, the 550 No. 50779A, and the 350 No. 
50738A filters accompanying this camera are within 10 seconds of being paral­ 
lel. The 500 filter was used for the calibration.

V. Shutter Calibration

(Not applicable)

VI. Magazine Platen

The platens mounted in LMK-K 24/120 film magazines No. 266458A and No. 266471A 
do not depart from a true plane by more than 13 um (0.0005 in).

These film magazines are equipped with identification markers that will regis­ 
ter "266458" for magazine No. 266458A, and "266471" for magazine No. 266471A 
in the film edge for each exposure.
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VII. Principal Point and Fiducial Coordinates

3 (90°) 2 (180°)

X
\

\

\
A X PPA

\
fi

\

Positions of all points are referenced to 
the principal point of autocolllmatlon 
(PPA) as origin. The diagram indicates 
the orientation of the reference points 
when the camera is viewed from the back, 
or a contact positive with the emulsion 
up. The direction-of-flight fiducial 
marker or data strip is to the left.

1 (0°) 4 (270°)

Indicated principal point, corner fiducial3 
Indicated principal point, mldslde fiducial3 
Principal point of autocollimation 
Calibrated principal point (point of symmetry)

Fiducial Marks

1
2
3
4 
5-
6
7
8

I coordinate

0.008 mm 
O.007 
0.0 
0.018

-109-992 mm 
110.008

-109-993 
110.002

-109-994
110.019
0.006
0.008

I coordinate

-0.007 mm
-0.004 
0.0 
0.000

-110.010 mm 
109-996 
110.004

-110.010
0.001

-0.006
110.002

-110.023

VIII. Distances Between Fiducial Marks

Corner flducials (diagonals)
1-2: 311.132mm 3-4: 311.133mm 

Lines joining these markers intersect at an angle of 89° 59* 48*

Mldside fiduciala
5-6: 220.013 mm 7-8: 220.025 mm 

Lines joining these markers Intersect at an angle of 90° 00* 10*

Corner fiducial3 (perimeter) 
1-3: 220.014 mm 
1-4: 219.994 mm

2-3: 220.001 mm 
2-4: 220.007 mm

The method of measuring these distances is considered accurate within 0.005 mm
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IX. Stereomoael Flatness

USGS Report No. RSAS/1024

Magazine No.: 266458A 

Platen ID: 266458

Base/Height ratio: 0.6

Maximum angle or field tested: 40°

-14

13

-20

-1

10

Direction 
or flight

Stereomodel
Test point array

(values in micrometers)

The values shown on the diagram are the average departures from flatness (at 
negative scale) for two computer-simulated stereomodels based on comparator 
measurements on contact glass (Kodak Micro-flat) diapositives made from Kodak 
2405 film exposures. These measurements are considered accurate within 5 urn.

X. Resolving Power in cycles/mm 

Area-weighted average resolution: 48.3 Film: Type 2405

Field angle: 7.5< 15' 22.5* 30< 35' 40'

Radial lines 
Tangential lines

57
57

57
48

57
48

57
48

57
48

48
40

48
34
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II. Stereomodel Flatneaa

Magazine No.: 266471A 

Platen ID: 266471

Base/Height ratio: 0.6

Maximum angle of field tested: 40°

-9

-2

-3

-4

-14

10

Direction 
or flight

Stereomodel
Teat point array

(values in micrometers)

The values shown on the diagram are the average departures from flatness (at 
negative scale) for two computer-simulated stereomodels baaed on comparator 
measurements on contact glass (Kodak Micro-flat) diapoaitivea made from Kodak 
2405 film exposures. These measurements are considered accurate within 5 urn.

X. Resolving Power in cycles/mm 

Area-weighted average resolution: 48.3

Field angle: 7.5' 15' 22.5'

Film: Type 2405

30' 35' 40'

Radial lines 
Tangential lines

57 
57

57 
48

57 
48

57 
48

57 
48

48 
40

48 
3*

Eberhara G. £>chiroacher
Acting Chief, Optical Science Section
National Mapping Division
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APPENDIX D AERIAL PHOTOGRAPHY SPECIFICATIONS

III, Specifications

A. Aerial photography 

1* Cameras

3t Calibrated precision aerial cameras that
can take serial photographs compatible with 
precision stereoscopic mapping instruments 
are required to be used*

b. Negative image shall be 9' x 9' (23cm x 
23 en.)

c. Focal length

(1) Camera of nominal 6-inch focal length

(a) focal length 153mm f 3.0mm
(Planigom Pleogon* Aviogon» or 
eauivalent)

(b) usable angular field at least 90
(c) minimum resolution no less than 

15 lines/dim
<d) distortion in usable angular

field not to exceed 0,01Sam tan­ 
gential and O.OSOmni radial

(2) Cameras with focal lengths different 
from above to be approved by TBF.

d. Color - In the event color photography is 
used it must meet these specifications. 
Precision aerial cameras used for color and 
infrared Photography shall be eauipped with 
fully color-corrected lenses (2EISS» RMK-4r 
WILD UNIVERSAL AVIOGON, or eauivalent).
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e, Calibration - In order for the camera to be 
accepted* the bidder aust supply a current 
status report prepared by an approved 
testing organization on each camera used* 
Current certification by UNITED STATES 
GEOLOGICAL SURVEY will be acceptable 
evidence of each cameras suitability for 
taking photographs*

B. Aerial Film

1. Type - shall be dinensionally stable polyester 
base such as du Pont 'Cronar'* Eastman Kodak 
'ESTAR** or eauivalent.

2. Negatives - shall be clear and sharp in detail 
and uniform in range of density* They shall 
be free from clouds; and cloud shadows* smoker 
foliage* haze* light streaks; snow; static 
marks* excessive shadow* tears* scratches* and 
other blemished which would interfere with 
their intended purpose*

3t Scale - Film shall not depict more than 5% of 
the specified scale*

4. Numbering - No spool shall contain film from 
more than one project or one camera. All 
exposures on a spool must bear the same roll 
number*

5* Labels - The container* spool* and each roll
of film must become the property of TBF* Each 
container shall be neatly lettered by the 
contractor with the reauired data*

C* Flight Lines and Height

1* Map* - Vendor shall supply an adeouate map of 
the project area depicting flight lines; 
flight attitude of each line (above sea level) 
and flight height (above mean ground 
elevation)* spacing between lines* and focal 
length of camera(s), TBF shall maintain the 
right to approve all flight lines prior to the 
flight.

2. Ht?i£Jht - Departures from the specification of 
C-l above shall not exceed 2% low or 5/i high 
for all specified flight heights.
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3. TBF shall at its option inspect the negatives 
in order to ascertain approximate flight 
height.

D* Crabbing and Tilt

1. Any photograph crabbed in excess of 10% as
measured from the line of flight* or relative 
crab in. excess of 10% between any two 
successive exposures is not acceptable.

2. Tilt shall not exceed 4 decrees* nor average 
more than 2 degrees in any 10 mile section of 
a flight line* Relative tilt exceeding 6 
degrees between any two successive exposures 
may be cause for rejection of that portion of 
the flight lines.

E. Overlap

1. Minimum overlap end to end on each adjoining 
photography shall be 60%. ±3%

2* Minimum overlap side to side on each adjoining 
photography shall be 30%*

3. Overlap shall be Judged on the usable portion 
of the field of the lens used.

F. Time of Photography

Photography shall be undertaken only when the 
lighting and weather conditions are such that 
acceptable negatives can be produced (see Section 
II. B. 2). Photography shall be flown when the sun 
angle is greater than 30 degrees,
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APPENDIX E

LAND BASE FEATURES AND ATTRIBUTES

BELLSOUTH

CENTER LINES
ROW LINES
STREET NAMES
AUX STREET NAMES
FLOWING WATER
FLOWING WATER TEXT
STANDING WATER
STANDING WATER TEXT
RAILROADS
RAILROAD TEXT
WIRE CENTER BNDRY
W.C. BNDRY TEXT
FFJJERAL BOUNDARY
FEDERAL BNDRY TEXT
STATE BOUNDARY
STATE BNDRY TEXT
COUNTY BOUNDARY
COUNTY BNDRY TEXT
TOWNSHIP BOUNDARY
TOWNSHIP BNDRY TEXT
MUNICIPAL BOUNDARY
MUNICIPAL BNDRY TXT
CITY/CO LAND BNDRY
CITY/CO LAND BDRYTX
STATE LAND BNDRY
ST. LAND BNDRY TEXT
FEDERAL LAND BNDRY
FED LND BNDRY TEXT

LV

1
2
4
3
5
7
8

10
11
13
16
19
19
20
22
23
24
25
26
27
28
29
32
33
34
35
36
37

WT

2
2
2
2
2
2
2
2
2
2
5
4
3
3
3
3
3
1
3
3
3
1
2
2
2
2
2
2

LC

0
0
0
0
0
0
0
0
0
0
0
0
n
0
6
0
7
0
2
0
2
0
3
0
3
0
3
0

CO

0
0
0
0
0
0
0
0
0
0

14
14
5
5
5
5
5
5
5
5
5
5
2
2
2
2
2
2

TX

100
100

100

100

120

120

120

120

120

120

120

100

100

100

TY

4
4
7
7

11
7

11
7
4
7

14
7

L_4_
7
4
7
4
7
4
7
4
7
4
7
4
7
4
7
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BELLSOUTH

R R TUNNELS
WATER THRU ROW
BRCDGES
BRIDGE TEXT
SCHOOLS
SCHOOL TEXT
CHURCHES
CHURCH TEXT
CEMETERIES
CEMETERY TEXT
DAMS
DAM TEXT
TOWER
AIRPORT (RUNWAYS)
AIRPORT TEXT
TOWNSHIP RANGE BND
TOWN RANGE BND TEXT
BENCHMARK
BENCHMARK TEXT
5000 M GRID
5000 M GRID TEXT
RR ROW

LV

41
42
43
44
45
46
47
48
49
50
51
52
54
55
5$
57
58
59
60
61
62

WT

2
2
2
2
\
1
I«

1
1
2
2
2
2
2
2
2
2
2
0
0

LC

3
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0

CO

0
0
0
0
0
0
0
0
0
0
0
0
0
0

1 0
* 0
0
0
0
0
0

TX

100

100

100

100

100

100

100

100
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TY

4
11
4
7
2
7
2
7
4
7
6
7
2
4
7
3
7
2
7
3
7

TYPE ELEMENTS:

2 CELL
3 LINE
4 LINE STRING
6 SHAPE
7 TEXT MODE 

11 CURVE 
l? COMPLEX STRING
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APPENDIX F

WILMINGTON-EAST PROJECT APPROACH
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Quality Report for 
Dane County Soil Survey 

digital files

Report prepared 3 September 1985
by N. Chrisman Dane County Land Records Project/ UW- Madison 

in cooperation with US Soil Conservation Service Wisconsin Office

This report summarizes the quality which can be expected 
from the digital records of the Dane County, Wisconsin soil 
survey in the version delivered by the Dane County Land Records 
Project (DCLRP) to the US Soil Conservation Service (SCS) 
National Cartographic Office in 1985. Dane County, Wisconsin 
occupies 1200 square miles in south central Wisconsin. The soil 
survey consists of 181 sheets reproduced at 1:15840, while the 
products delivered in digital form consist of parts of 34 
quadrangles in the 7.5 minute series.

As suggested in the NCDCDS Interim Proposed Standard (IPS), 
a quality report is intended to communicate information about a 
digital product. Any users must evaluate the results to 
determine whether the data is suitable for a particular use.

This report consists of five parts: lineage, positional 
accuracy, attribute accuracy, logical consistency and 
completeness (the components required by IPS).
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Lineage

This section relates the history of the Dane County soil 
survey from the original materials to the final digital product. 
This account does not cover all aspects, but tries to cover any 
information with potential impact on quality.

Immediately inside the cover of the printed soil survey, a 
box contains this information:

Major fieldwork for this soil survey was completed in 
the period 1966-1971. Soil names and descriptions were 
approved in 1972. Unless otherwise indicated, 
statements in the publication refer to conditions in 
the county in 1972.

The actual history of the work is more complex, and it becomes 
rather difficult to assign a single date to the product.

The compilation of soils maps proceeds in two phases, from 
advance field sheets to the printed report. The advance field 
sheets were compiled on air photographs taken between June and 
August 1962. The field sheets show a range of dates from 
1968-1972. A second flight with dates from August to October 
1974 produced the photos for the printed report. The soil maps 
were compiled on the 1974 base using the field sheets and 
corrections. The printed report contains the legend "Issued 
January 1978". The Dane County Land Records Project took the 
final maps and converted them to digital form in the period 
1983-1985.

No specific information is available about the 1962 
photography. Since the field sheet data was recompiled, this may 
not be important.

The 1974 photography was flown at elevations of about 
1300-1500' . The camera (serial number UAg 477) took 9X9" 
negatives with a 152.38 mm lens (6"). Originals of these photos 
are stored in the ASCS Aerial Photography Field Office in Salt 
Lake City, Utah. Diapositive copies were made for the DCLRP and 
are available from the SCS State Office. The correspondence of 
negatives to soil sheets is shown on Map 2.

The photographs were rectified to remove the effects of 
tilt, and a set of positive prints were made at publication scale 
(1:15840). The process was performed at the Lincoln, Nebraska 
regional office (now combined with the Fort Worth, Texas national 
facility). The DCLRP has not been able to determine the methods 
used to orient and scale the photos. However, by checks 
performed in transfering the soils data into known coordinates, 
the photos appear reasonably planimetric (although relief 
displacement is not corrected - see below). According to current 
SCS National Office guidelines, the soil maps are not 
sufficiently accurate to merit entry into the national digital 
data base. (see National Cartographic Manual, draft of 9/7/82; 
NHQ/CRS Issue Paper "digitizing detailed soil surveys from
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accurate base maps versus inaccurate base maps" rev. 9/7/82) A 
direct test of this assumption is covered in the section on 
positional accuracy.

The soils boundaries were penciled onto enlargements of the 
1974 photos (2.5 X to the publication scale of 1:15840). 
Presumably, the advance field sheets were used as a compilation 
source along with new field work. Some boundaries based on slope 
were determined with pocket stereo viewers, using adjacent 
photos.

A major process in soil mapping relates to the attribute 
system - the soil classification. In the advance field sheet 
stage, a three part numeric code was placed on the maps. The 
three parts have a correspondence to the three parts of the 
alphabetic code shown on the final maps: the four digit soil 
class became a two letter code, the numeric percent slope became 
the classes A .. E, and the eroded code of 2 or blank was 
retained. In the field process, the soil scientist could 
classify a particular area as a specific soil. In the office 
process, this soil could be reclassified into a cognate soil for 
a number of reasons, such as not having enough of the soil class 
in the county, or to enforce consistency between interpreters. 
There are also national directives to consolidate classification 
systems so that the effective date of 1972 is crucial to 
understand the type of soil classification used.

From the pencil product on the photobase, the published soil 
map was developed. A fresh mylar was pin registered, and the 
pencil lines were redrafted with a liquid ink drafting pen. In 
most cases, the pen width was about .01" (.25 mm), although there 
are variations in line quality. Although the map finisher 
primarily transfered the pencil lines, there were also 
cartographic rules applied to eliminate narrow areas or to 
simplify detail around roads and other features.

For the Dane County survey, the soil labels were applied 
with stickup lettering on a separate pin-registered mylar. 
Non-soil linear features, such as roads and drainage, were 
applied to the same overlay as the soils boundaries. (This 
separation has a bearing on the digital scanning process.)

A number of checks were built into the finishing process. 
Each sheet was "matched" with adjacent ones. Even though the 
photobases could be different due to different image centers, the 
soil lines were made to agree. Classifications across the sheet 
edges were also examined ( further information on the reliability 
of this process appears below under logical consistency).

Another check performed during map finishing consists of 
"coloring" the soil polygons to ensure that labels are consistent 
(no lines are missing) and that no unnecessary lines were left 
in. Considering the geometric complexity of some of the sheets 
(the driftless area leads to convoluted slope-based polygons),
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this process was tedious and errors did persist to be detected in 
later stages (see logical consistency).

The map finisher also includes PLSS section corners and 
state plane coordinate tick marks. The printed maps have a 
printed caution nearly hidden in the binding of the volume:

Coordinate grid ticks and land division corners, if
shown, are approximately positioned.

This caution is well-founded, and considered below under 
positional accuracy.

The published maps were printed from the mylar originals, 
but the printed maps have no direct relation to the digital 
product.

The DCLRP has undertaken two major soil digitizing efforts. 
The first, a manual one, digitized 66 soils sheets (out of 181) 
between June 1983 and January 1984. The second, based on an 
inexpensive scanner, is still under development, but its product 
will complete the county during 1986. This quality report is 
limited to the manually digitized products.

Digitizing began with direct positive copies of the soil map 
originals produced by a contact process at Master Blueprint in 
Madison, Wisconsin. The copies were made of the line work 
overlay and the label overlay, so that the line digitizing and 
point label digitizing were performed from the same product. In 
a few cases, the label layer original had been lost, so the 
printed map had to be used in those cases. The positional 
accuracy of the labels is not crucial to this process. The 
chemical residues of the copying process (perhaps due to 
incomplete fixation or washing) were sufficient to affect the 
electrical resistence on the digitizer surface and degrade 
accuracy. When washed in cold water, the problem abated.

Tick marks were placed on the mylar copies to bracket the 
image area. The tick marks were intended to form a rectangle 15" 
X 9", although hand placement could create errors of a few 
hundredths of an inch.

Digitizing was performed at two sites: UW Land Information 
and Computer Graphics Facility (LICGF), and Wisconsin Dept. of 
Natural Resources (WDNR) Bureau of Information Management. LICGF 
used a TALOS 660 backlight table connected to an ORION 
microprocessor. The ORION had a 512 X 512 pixel plasma screen 
and 8" floppy disk drives. (see Chrisman and Sullivan, 1983 for 
procedures used). The mylar sheet was placed arbitrarily on the 
table (intentionally at a diagonal to avoid a known bug in the 
digitizer firmware). Firmware in the TALOS (SMART 3.0) was used 
to rotate and translate the coordinate system to agree with the 
tick marks. The lower left was forced to (0,0) and the lower 
right was used to align the X axis. The upper right point was 
read to confirm a reading sufficiently close to (15,9). (Note 
that the manual location of the tick marks did not require
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postional accuracy because the inch scaling of the device was 
unaltered). The TALOS floating point calculations seem to be 
accurate within the accuracy of the digitizer.

The manufacturer's specification of the device quotes a 
"repeatability" of .01 inch for this device. This figure could 
be interpreted as plus or minus .05 inch, which is the result 
obtained in some tests performed on this equipment by Mills 
(1982) .

FORTRAN programs on the ORION controlled the process and 
wrote the results to the 8" disks. One program was used to 
capture the linework in unstructured form (as "spaghetti") and 
another for the label points. The plasma screen (8.5" X 8.5" 
with resolution of 512 X 512) provided almost the same line width 
as the original when the screen window covered one half of the 
soils sheet. The plasma screen also permitted selective erasure 
of lines if they were deleted. Graphic feedback allow some gross 
errors to be detected, but the screen was not registered to the 
map to detect the fidelity of linefollowing.

When the TALOS operated in point mode, the ORION could 
handle the data stream. (The problem was partially that the 10 
ports on the ORION could only operate at 2400 baud, and also that 
the FORTRAN code was not very fast on the obsolete 8 bit 
processor.) From tests of point mode line following, the operator 
was usually too stingy in recording the curvature of the soils 
boundaries. The SCS guidelines call for digitizing to recreate 
the graphic product within one linewidth, so line following mode 
was required. The TALOS controller was set to use distance 
sampling with a tolerance of .03 inch. This figure is a 
compromise between graphic fidelity and the communications 
between the TALOS and ORION. Even at this tolerance, the TALOS 
could get ahead of the ORION when the operator moved the cursor 
too fast. As there was no bell on the ORION to alert the 
operator, and as the operator was probably not looking at the 
screen, data was occassionally lost. The result was flat 
sections where curvature was missing. Where the flat sections 
detracted from the product at the checkplot stage, they were 
fixed in the final edit.

Once captured on the ORION, the lines were stored as binary 
reals (4 bytes). Each line was filtered by the Douglas-Peucker 
algorithm with a tolerance (half-band) of .005 inch. This 
reduced file size by about 50%. The data was converted to ASCII 
strings with coordinates sent under FORTRAN format F10.4 to send 
to a Digital VAX 11/780.

The second digitizing product was the set of labels. On a 
background of the linework (for graphic orientation), the 
operator digitized each soil unit label on the map. The operator 
entered the alphabetic identifier on the keyboard. The file was 
stored in ASCII and transmitted to the VAX.
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The WDNR process performed essentially the same functions 
with somewhat different equipment. WDNR had a Bendix digitizer 
connected to a Data General minicomputer with a Tektronix 4014 
for graphic feedback. Registration was limited to recording the 
coordinates of the tickmarks in the Bendix" table coordinates. 
Software on the VAX converted this into the same system as the 
LICGF process.

The software on the Data General (GEdit, written by WDNR) 
provided a more flexible editing environment than the ORION. In 
addition, the operator could snap objects closed or trim off 
overshoots. These capabilities shortened the editing time, but 
did not affect the quality of the product. The Data General was 
able to keep up with the Bendix, so that fewer lines had to be 
fixed in the final inspection against the check plot.

Once transmitted to the VAX, the files were converted into 
ODYSSEY format with coordinates stored as 32 bit reals (this 
should have little impact as yet, since each sheet had its own 
origin). The ODYSSEY PENELOPE program (see Morehouse and 
Broekhuysen, 1982) was used to convert the spaghetti into a chain 
file. This processor detects all intersections and labels all 
polygons. A tolerance of .03 inch (or .02 inch for some of the 
DNR products) was needed to capture all of the intended 
intersections. This tolerance ensures that no smaller feature 
can occur in the file, and that no point comes within the 
tolerance of another. By this process, duplicate versions of a 
line, if within the tolerance, will be automatically removed. 
The numerical nature of the intersection processor has been 
discussed by Dougenik (1980) and by Chrisman (1983). The 
tolerance does not act as a traditional "filter" because it does 
not round off coordinate values; all coordinate positions were in 
the input file or come from calculated intersections. The 
intersection calculation is done in a local origin system with 
one of the points as (0,0) to ensure that precision is not lost.

The PENELOPE process produces an error report detailing the 
following kinds of errors: "dangling chain" caused by either 
undershoot, overshoot or lines missing, polygons with no labels 
or two conflicting labels caused by missing labels or lines or by 
extraneous lines. Each file was corrected using the HOMER editor 
until the error report had nothing further to report. 
Coordinates are copied through these processes without 
modification, in general. Missing lines were digitized on the 
TALOS using the process above, and shipped to the VAX. However, 
the correction of undershoots, for example, requires new 
coordinates. In some cases, a coordinate value was extracted 
from the feature that the undershoot should have touched, and in 
other cases a screen crosshair was used at large magnification. 
A final stage of editing for unlabelled polygons usually involved 
the PROTEUS processor aggregation function.
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Once the file was topologically clean, a check plot was 
generated on mylar at the original scale. SCS examined each 
check plot and noted corrections required for geometric fidelity. 
In some cases, whole files were rejected for gross errors that 
can be attributed to hardware problems such as the chemical 
residues noted above or to personnel problems such as lack of 
training. After the corrections were made the file was archived 
as a true copy of the original survey.

The goal of the project was to make the soil survey 
compatible with local land records and other mapping bases, 
particularly the USGS topographic quadrangles. One part of the 
project examined the need for analytical removal of relief 
distortion using the USGS Digital Elevation Matrices (DEM) as a 
base. This report concerns the less complex approach using 
photoidentifiable points.

To control the conversion of the inch-space measurements on 
the soil sheet into a system of geodetically referencable 
coordinates, the ticks and section corner marks shown on the soil 
product were inadequate. The common procedure in such cases is 
to detect "well-defined" points, such as road intersections on 
both the soils map and on another planimetric base such as the 
USGS topographic quadrangles. The drawback of this approach is 
that cartographic generalization of roads and other features may 
degrade the accuracy of the fit. Also, the density of 
"well-defined" points may not be sufficient for a rigorous 
transformation, particularly in the rural areas where the soil 
map coverage is of the greatest interest.

In large portions of the United States, there is a uniformly 
spaced network of points used to define the Public Land Survey 
System. These section corners and quarter section corners formed 
the basis for the control of the Dane County products. 
Coordinates for the section corners were obtained by methods 
varying from direct observation with a Macrometer geopositioning 
receiver through traditional ground survey to manual digitizing 
from USGS topographic quadrangles (see quality report for USGS 
PLSS layer). This heterogeneous collection of coordinates is 
expected to improve over time, due to land surveying activities 
so that the quality of the control for the soil survey could also 
be improved.

The photobase for the soil survey is hardly detailed enough 
to permit the identification of survey monuments, even if they 
had been panelled. Instead, the position of the section corner 
was estimated by using the remonumentation record for each 
section corner and quarter section corner. This record includes 
a sketch showing the location of the marker with respect to 
street pavement, fences, etc. Control was only taken for points 
identified with reasonable certainty. The number of control 
points for each soil sheet varied from the maximum of 32 down to 
6 when lakes removed large portions of the study area. For full 
sheets (not involving large amounts of water), the number of
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control points ran between 15 and 25 in areas where coordinates 
existed for quarter section corners. In areas using the USGS 
PLSS, which was only reliable for section corners, the maximum 
was 12 and the typical values fell around 8. The exact numbers 
of control points are shown in the appended tables (Map?).

Using the control information, a transformation was 
calculated using a least squares fit to an affine (software 
written by Cliff Petersohn under the direction of Alan 
Vonderohe). All calculations were carried out in 64 bit double 
precision. The fit for each sheet was examined and often a few 
outliers were discarded. The resulting fits run between 20 and 
40 feet of positional error (see figures appended). These values 
are small, considering the line width of the soil product.

Once the separate sheets were placed into a common 
coordinate system (either State Plane or UTM with a local 
offset), the adjacent sheets could be merged into a sheetless 
data base. At first this process was performed by the WHIRLPOOL 
polygon overlay processor (similar code to PENELOPE discussed 
above). No matter how well the sheets fit the control, this 
approach had problems resolving overlaps and gaps between the 
adjacent sheets. Much manual editing was required to clean up 
the slivers and overlaps. A new program (written by Kate Beard 
under the direction of N. Chrisman) was developed to "zip" these 
sheets together (see separate documentation).

The Dane County soil survey data is either delivered in 
state plane, UTM or geodetic coordinates (latitude, longitude). 
In all situations there is a local offset to preserve precision. 
Products in the quad sheet format were created by cutting a 
rectangle out of the file when stored in geodetic coordinates. 
This ensures that the sheet borders conform mathematically to the 
expectation. All conversions between state plane, UTM and 
geodetic coordinates are performed using software distributed by 
the National Geodetic Survey. This software contains disclaimer 
that it might not work, but these were ignored after samples 
proved sufficiently accurate. All calculations are carried out 
in 64 bit double precision, which is rather a bit of overkill for 
most of the coordinates processed.

85



Positional Accuracy

The positional accuracy of the soil survey can be estimated 
from two considerations: the base and the interpretations. The 
base accuracy was estimated by the transformation process 
described in the lineage report. This does not constitute a test 
of the digital product, in the sense that the information 
obtained was used to remove systematic errors. The positional 
error at control points for each sheet is appended.

Positional accuracy of soil interpretations cannot be 
determined using the existing standards for positional accuracy 
tests, because very few points are "well defined". An attempt to 
test the accuracy of the soils maps was performed as a part of 
the Dane County Land Records Project (described in greater detail 
in the DCLRP final report). First, a set of likely areas to test 
(about 20) were selected. Third order control was established 
along nearby roads using inertial autosurveyor equipment and 
personnel loaned by the Bureau of Land Management. These surveys 
were tied to second order monuments set with Macrometer surveys. 
Then a field crew of one SCS area supervisor (T. Hoffman) and N. 
Chrisman constructed the soil map in the field. The soil 
scientist was told of the general nature of the soil map product 
for the area, but he did not reconstruct that map. Auger holes 
were drilled, usually upslope and downslope until the location of 
the transition could be approximated. A wood lathe was placed in 
the ground and an uncertainty (ranging from 10 to 50 feet) was 
estimated. After three full days in the field, only four sites 
were staked. Surveying crews located the lathes relative to the 
third order control using theodolite and electronic distance 
meters and using stadia observations as a cross check. The 
positional errors of the field data fall well within the 
tolerances specified by the soil scientist.

The results of the study are presented on the maps attached 
by overplotting the field survey data and the digital soils 
record. Some of the errors detected are of an attribute 
identification nature, and reported in the next section. No 
standard procedure is established to report the positional 
accuracy of complex curves of this nature when there are 
uncertainties about all positions. Furthermore, some of the 
differences are due to cartographic limits at the scale of 
1:15840.
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Attribute Accuracy

The only testing performed was described above under 
positional accuracy. Due to the differences of soil naming 
procedures, the test was not carried out to the level of the 
specific soil series. The soil scientist would give the 
important distinguishing characteristic (drainage, slope, 
mineral/organic ...) and check back to determine if the soil map 
depicted the same distinction. Of the twenty soil mapping units 
tested, there were two problems of identification, where the unit 
was somewhat misclassified. In one case the underlying material 
(4 feet deep) was lake clay, not a beach deposit. This 
difference would not alter most surface interpretations of the 
soil, however. In the other case, the whole polygon belongs in a 
transition zone and it would be very hard to classify properly. 
Again, the classification assigned in the map would be 
approximately correct for many applications. In addition, in the 
one test of the slope classification, the determination of the 
higher slopes was marginal when the site was examined on the 
ground. There may be a bias towards land falling in the lower 
portions of a given slope class, not the middle. To determine 
this with more accuracy a more comprehensive test is required, 
perhaps in comparison to the USGS DEM data.

Logical Consistency

The PENELOPE process and the sheet matching process provided 
substantial checking of logical consistency. The result is 
topologically clean as established in the guidelines to the 
NCDCDS IPS. Some of the errors detected in the PENELOPE process 
were latent errors from the compilation process, in spite of 
substantial effort by SCS to color maps by hand. The total count 
of errors for the first 66 sheets is shown on the map appended. 
All such errors were removed in the editing process, often with 
recourse to the manuscript or the advance field sheets. A 
further, partial check of logical consistency (attribute accuracy 
?) occurs along sheet borders when matched. In most cases, the 
classifications are identical and the sheet border can vanish. 
However, some classifications differ and the sheet border has to 
be retained. Some of these differences are simply a matter of 
slope category or could be a difference related to scale effects 
(small polygons on the sheet border are not shown whereas they 
might have appeared as a continuation of an adjacent polygon if 
the sheet boundary had been elsewhere). There is usually one 
problem per sheet match, on average. This could be indicative of 
attribute errors elsewhere on the sheet, or it could be edge 
specific. Without further tests, the situation cannot be 
clarified.
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Completeness

The soil maps exhaustively partition the county, all area is 
assigned to one and only one soil mapping unit. This relation is 
ensured by the method used to check logical consistency and to 
match sheet boundaries.

The soil classification has limitations due to mapping rules 
related to the scale of 1:15840 used for compilation. The line 
width was approximately 26 feet on the ground, and features were 
not allowed to become much narrower than 50-80 feet. This rule 
was not fixed and was not enforced rigidly. Also, the rules 
tended to generalize areas smaller than an acre or so. Whatever 
rules were in use are specified in SCS procedures.

The soil attributes were checked against a master list of 
permitted codes and all unknown codes were corrected.
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5.0 TESTING THE INTERIM PROPOSED
STANDARD FOR CARTOGRAPHIC FEATURES

Edited by 
Robert Rugg and Warren Schmidt

5.1 BACKGROUND

The Working Group III - Cartographic Features (WGP III) of the National 
Committee for Digital Cartographic Data Standards (NCDCDS) began in 1982. 
Its original charge was to investigate the issues, recommend alternatives, 
and prepare an interim standard. These tasks were completed in the Spring 
of 1985. Since then the WGP has continued to work on feature definitions, 
sought to create a mechanism for maintenance, responded to comments on 
the Interim Proposed Standard (IPS), and tested that IPS. This report 
will summarize the comments received on the IPS, detail the testing 
methods and results, and give the revised IPS. It should be noted that 
work is continuing on the IPS definitions and those shown are not the 
final version.

Before going to the comments, I would like to list the members and observers 
of the WGP whose dedication has made this all possible.

Members:

Mary Clawson, Naval Oceanographic Research & Development Activity
Beth Driver, Technology Service Corporation
Erich Frey, National Ocean Service
Benny Klock, Defense Mapping Agency
Mark Monmonier, Syracuse University
Joel Morrison, U.S. Geological Survey
Robert Rugg, Vice Chairman, Virginia Commonwealth University
Warren Schmidt, Chairman, Digital Mapping Unlimited
Fred Tamm-Daniels, Tennessee Valley Authority
Walt Winn, National Ocean Service

Observers:

Meredith Burrill, DMA Retired 
David Douglas, University of Ottawa 
William Hess, Central Intelligence Agency 
Roger Payne, U.S. Geological Survey

Special Assistance:

Billy Love, Defense Mapping Agency
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5.2 SUMMARY OF COMMENTS ON THE INTERIM PROPOSED STANDARD

The eight comments received on the Cartographic Features portion of the 
Interim Proposed Standard represented a wide sprectrum of cartographic 
data users. In general, they were favorable and all were constructive. 
A summary of the responses follows:

  The majority favored the proposed approach.

  Two commented on the codes: one saying they needed more 
exploration and the other cautioning on adopting any system 
that would restrict exchange.

  Two letters agreed with the need for a national body to rule on 
additions and changes.

  One respondent could find no terms related to mining and minerals 
processing features. These are being added.

  One person thought too few features were defined and the re­ 
mainder were referred to as included terms.

  Another felt that one more comprehensive features list was 
unneeded.

  Suggestions were offered clarifying the attribute value and
feature class definitions in one response. The same wording had 
appeared in earlier versions but was eliminated later.

  One comment proposed that features be tied with 0, 1, and 2-
dimensional objects and that each feature have a unique identifier 
This was not adopted because our features are scale-independent 
and not tied to any single application.

5.3 TEST OF THE INTERIM PROPOSED STANDARD 

5.3.1 Background

The test of the Interim Proposed Standard for feature definitions sought 
to determine the general validity of the model developed by Working Group 
III and the specific application of the model to topographic map and 
nautical chart features. Three broad questions were posed by the Working 
Group as the basis for the test. How complete is the set of definitions? 
Are the definitions understandable and specific enough to assure con­ 
sistency of interpretation in a variety of operational settings? How 
easy or difficult to use is the proposed scheme? These questions were 
addressed in a test of the September 1985 version of the proposed defini­ 
tions (see Appendix II). The test was administered in four Federal agencies 
and four external organizations during the period November 1985 through 
February 1986.
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To meet the objectives of the test, three sections were devised. Section 
1, the "consistency test," involved the identification and coding of 51 
selected features on the Port Royal, Virginia quadrangle of the USGS 7.5 
minute series topographic map. Section 2, the "completeness test," in­ 
volved identification and coding of selected features shown in the legends 
for nautical charts and topographic maps. The sources used for the com­ 
pleteness test were Section G   Ports and Harbors   of NOAA/DMA Chart 
No. 1, Nautical Chart Symbols and Abbreviations, November 1984 edition, 
and page 11   Blue Plate   of USGS Standards for 1:24,000 and 1;25,OOP - 
Scale Quadrangle Maps, part 6, December 1981 edition. Section 3 on "ease 
of use" consisted of a series of open-ended questions. The test instruc­ 
tions appear as Appendix 1.

Each participating organization was asked to select three testers. All 
organizations participated. The number of tests returned by each organi­ 
zation is shown in Table 1.

Table 1 
Tests Returned by Organization

Tests Completed____
Consistency Completeness

Organization Test Test

External
Bell South 3 3
Perkin-Elmer 3 3
Synectics 1 1
U. of Minnesota Geog. Dept. 3 3

Federal
Defense Mapping Agency 3 3
Federal Emergency Mgt. Agency 1 1
National Ocean Service 4 0
Tennessee Valley Authority 3 3

All organizations 21 17

5.3.2 Consistency

The results of the consistency test were measured in terms of the percentage 
of testers who coded the same map features the same way. For the 51 fea­ 
tures identified on the Port Royal Quadrangle, an average "consistency 
score" of 85% was achieved. This result did not vary significantly between 
names features (such as Rappahannock River) versus unnamed features (such 
as fence rows or marshes). There were significant differences in con­ 
sistency scores among the specific features themselves, however. (See 
Table 2.) The first feature, for example, was named "Skinker's Neck." 
The Interim Proposed Standard definition refers "neck" to a coastal fea­ 
ture "isthmus," whereas the feature shown on the map is the land area 
within a meander of the river. While 45% of the testers coded Skinker's
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Table 2 

FEATURES CONSISTENCY TEST

Consistency Scores by Test Item

test 
item

number
giving
code

most
frequent consistency 

code given score (%)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

20
21
19
21
21
21
21
20
21
20
21
21
21
17
20
20
21
21
20
20
20
20
20
17
20
19
20
20
20
20
20
18
20
20
20
20
20
20
19
18
18
18
19
18
19
18
19
18
19
19
19

1ST
WAT
PLC
MIN
BUI
BUI
ROA
BOU
BUI
LAK
MIN
WET
WAT
CON
BOU
BOU
ROA
ROA
BUI
STR
PLC
BUI
BOU
PLC
LAK
CON
WET
BOU
ROA
MIL
STR
PLC
RUN
LAK
PAR
ROA
ROA
FLA
SHL
INL
BEA
BOU
CEM
CON
STR
PLC
MIN
CEM
MIN
WET
WET

45.000
42.857
94.737
90.476
95.238

100.000
100.000
50.000

100.000
90.000
90.476
95.238
52.381
70.588
50.000
55.000

100.000
100.000
100.000
95.000
95.000
90.000
95.000
94.118

100.000
94.737

100.000
95.000

100.000
70.000
95.000
88.889
90.000
95.000

100.000
100.000
100.000
85.000
42.105
94.444

100.000
44.444
89.474

100.000
78.947

100.000
89.474
94.444
89.474
36.842
36.474

Overall Results

named 

unnamed 

all items

mean standard 
score error

84.5% 3.27% 
(n«34)

87.1% 5.01%

85.4% 2.72% 
(n=51)
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Neck as an "isthmus," the remainder sought definitions that fit the feature 
itself rather than the name "neck." Although many such ambiguous terms had 
been identified in the Interim Proposed Standard, in this instance an 
extension of the proposed standard would be necessary to resolve the problem, 
Other problems occurred simply because of name placement on the map. The 
second feature, "Buckner's Reach," was a stream segment but the name was 
placed on a bluff next to the River. While 43% of the testers coded it 
as a watercourse and 10% as a stream, the remainder sought definitions 
corresponding to the land feature where the name was placed. Some problems 
occurred because of analytical distinctions made by the Working Group 
that may be unfamiliar to some testers: the distinction between a water­ 
course as a stream bed and the stream itself, or between a wetland that 
has vegetation and a tidal flat without vegetation, for example. Never­ 
theless, the results of the consistency test were suprisingly good, with 
over three-fifths of the test features consistently coded by 90% or more 
of the testers.

5.3,3 Completeness

In the "completeness test," testers were simply asked to give a standard 
feature code for each item appearing on the legends. Completeness was 
measured in terms of whether or not a standard code could be found for 
each item attempted. About 90% of the items were successfully coded to 
the standard. There was a difference between the results for Chart No. 1 
and for the USGS legend as shown in Table 3.

Table 3 
Completeness Test Results

Coded Uncoded 
Source number % number %

NOS/HTC Chart No. 1 898 85.04 158 14.96 
USGS Legend 575 97.62 14 2.38

Both Sources 1,473 89.54 172 10.46

To some extent, the difference in coding success can be attributed to the 
familiarity of testers with the source material. For example, testers from 
Bell South originally asked to be excused from coding Chart No. 1 since their 
work entirely concerns topographic features. They participated fully in the 
test, however, and their results were 100% complete for the USGS legend 
while only 74% complete for Chart No. 1.

5.3.4 Ease of Use

Responses to the open-ended questions were mixed. Many testers found the 
testing process cumbersome. (See Table 4.) It took between 4 and 40 hours 
to complete the test. In large part, this problem may be explained by the 
form of test materials. In addition to the test instructions, map, and
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Table 4 
Responses to Selected Open-Ended Questions

Q. 3. In both Part 1 and Part 2, were you able to separate 
different features adequately with the attributes provided? 
Please describe any problems in this respect, 

yes 5 
no 10 
inadequate or incomplete attribute list 7 
too many features grouped together 2 
lack of values 2 
no response 1

Q. 4. Overall, would you say that the proposed standard and 
attribute scheme was easy to use, or difficult to use? 
Please comment.

easy 4
somewhat easy 4
difficult 8
time consuming 3
confusing 1
flipping around too much 6
inadequate attribute list 2

Q. 5. Are you satisfied that the results of such a coding 
scheme could provide a sound basis for exchanging digital 
cartographic data?

yes 6
no 4
mixed 4
attribute coding difficult 1
no response 2

Q. 7. Please indicate your professional training or 
background in the area of cartography and computer mapping.

cartography 12
geography 5
undergraduate 3
graduate 6
professional training 2
1-3 years experience 3
3+ years experience 7
no experience 1
no response 4
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copies of Chart No. 1 and the USGS Legend, the test materials included 
four print-outs. One print-out contained definitions for 145 standard 
feature terms and over 1,100 "included terms." A second print-out con­ 
tained definitions for 197 attributes. The third and fourth print-outs 
consisted of 3-character alphanumeric codes for each standard feature and 
attribute. To complete parts 1 and 2 of the test required leafing through 
the definitions print-outs, finding a suitable definition and appropriate 
attributes for each feature to be coded, then scanning the separate code 
print-outs in order to enter the proper code on the test form. This amount 
of effort would be greatly reduced in a production environment by providing 
an on-line system to speed up the search process, and eventually would be 
minimized as coders begin to memorize the standard definitions.

5.3.5 Conclusions

The quantitative results of the test were positive, leading Working Group 
III to adopt the following resolution on March 16, 1986:

"Working Group III accepts the test results as sufficient 
evidence of the viability of the proposed model."

While the results affirm the viability of the proposed model, they also 
indicate problems remaining to be addressed for the proposed standard. 
Among these are a need to refine current feature definitions to eliminate 
remaining ambiguities, a need to extend the basic set of definitions to 
include not just most, but all hydrographic and topographic features and 
their attributes, and a need to simplify the presentational form of the 
standard to promote greater ease of use.

5.4 REVISED INTERIM PROPOSED STANDARD

The purpose of feature classification is to describe entities as they occur 
in the world and not as they appear on a graphic representation. The lists 
of Features, Attributes and Attribute Values are not limited to any map 
series or scales.

5.4.1 Cartographic Feature Descriptive Model

Cartographic features shall be described by the following three categories: 
Feature, Attribute, and Attribute Value. These are defined as follows:

  Feature - a defined entity of interest that is not further 
subdivided.

  Attribute - a defined characteristic of a feature. The only 
mandatory attribute shall be location.

  Attribute Value - a specific quality or quantity assigned to 
an attribute.
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Two additional categories, Feature Class and Attribute Class are provided 
as user options. These are defined as follows:

  Feature Class - a specified group of features (e.g., hydrographic, 
land use, transportation)

  Attribute Class - a specified group of attributes (e.g., those 
describing measure, serviceability, composition, or structure)

5.4.2 Cartographic Feature Definitions

A comprehensive list of feature and attribute definitions is being prepared, 
Appendix II describes and lists a sample of the feature definitions and 
attributes. Maintenance of the standard list of features and attributes 
will be provided by a national body which will rule on all additions and 
changes to the standard.

5.4.3 Cartographic Feature Codes

The assignment of codes for the features and attributes will be made upon 
completion and review of the definitions. These codes shall not impose a 
structure upon the features, but are intended only for retrieval and 
maintenance.
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APPENDIX I

INSTRUCTIONS FOR TESTING STANDARD FEATURES AND ATTRIBUTES *

Working Group III - Cartographic Features 
National Committee for Digital Cartographic Data Standards

October 1, 1985

Introduction

The test consists of three parts. Part 1 is a 
"consistency test." In this test, each participant will be 
given the same U.S.G.S. quadrangle (Port Royal, Virginia, 
7.5 minute series), with 51 features to be coded. The 
results will show whether different coders arrive at the 
same codes for the same features. Part 2 is a "completeness 
test." In the completeness test, each participant will 
attempt to find standard codes for features contained in 
selected portions of the legends used for U.S.G.S. 
quadrangles and nautical charts. Part 3 is a participant 
evaluation. After completing the tests for consistency and 
completeness, each participant will record comments on 
various aspects of the proposed standard scheme. When the 
test has completed, please send the instructions, results 
and comments to:

Mr. Shih-Lung Shaw 
Numerical Cartography Lab 
158 Derby Hall 
154 North Oval Mall 
Columbus, OH 43210

* Instructions prepared by Oona Przygocki and Robert Rugg
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Instructions

PART 1 - CONSISTENCY TEST

Looking at your materials you will find:

a. one Test Map
b. one Interim Proposed Standard Feature Definitions

list 
c. one Interim Proposed Standard Attribute Definitions

list
d. one list of feature abbreviations 
e. one list of attribute abbreviations 
f. four sheets marked Form A.

On the test map, each feature to be considered has been 
circled and given a number ranging from 1-51. This is the 
"item number." Each standard feature term has been given a 
3 character abbreviation. This is the "feature code." Each 
standard attribute term has been given a 3 character 
abbreviation. This is called the "attribute code." The 
item number is located on the map. The features 
abbreviation list corresponds with the Interim Proposed 
Standard Feature Definitions list. The attribute 
abbreviation list corresponds with the Interim Proposed 
Standard Attribute Definitions list. The values for the 
attributes will be based on what you think is appropriate 
for the attribute chosen and specific to the feature on the 
test map. These values have no codes yet and thus will be 
listed in English.

The following instructions are written 
Number 20 from the test map as an example.

using Item

1. Look at 
item number 20. 
number.

Example: Item
Number 

20

the map and identify the feature assigned 
Write that item number on Form A under Item

Test 
Map

98



Instructions

2. Look on the Proposed Standard Features and 
Definitions list for the feature identified on the map. If 
that term appears on that list it will be either a standard 
term or an included term. If it is an included term it will 
refer you to the standard term.

Example: River
See Stream

If the feature is referred to more than one standard term, 
read the definitions for both standard terms referred to. 
Choose the standard term that best describes what is seen on 
the map.

3. Using the standard feature term chosen, look on the 
Features Abbreviations list for that term. Beside the 
Standard Term on the abbreviations list there will be a 
three character code which has been assigned to it.

Example: STR Stream

Write this code on Form A, under Feature Code, and beside 
the Item Number it refers to.

Example: Item Feature Attribute Value 
Number Code Code 

20 STR

4. In the Proposed Standard Feature Definitions list is 
a list of suggested attributes which may potentially apply 
to each feature. Look over this list to find one or more 
attributes that can be identified from the information shown 
on the test map. Please note that the list of suggested 
attributes is for your guidance only. Make a note of any 
attributes you wish to code that are not mentioned below the 
Standard Feature Definition. After selecting the attributes 
you wish to use, look at the Proposed Standard Attribute 
Definitions list. If a chosen attribute does not appear on 
the list, enter the attribute without a code on FORM A. If 
the attribute is listed, but refers you to another 
attribute, go to the attribute to which you are referred to 
find the standard attribute term.

Example: Natural
See: Artificially Improved/Manmade/Natural
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Instructions

The standard attribute term is:
Artificially Improved/Manmade/Natural

Using this standard attribute term look on the Attributes 
Abbreviations list. The Standard Attribute term will appear 
with a 3 character code beside it. This is the Attribute 
Code.

Example: MAN Artificially Improved/Manmade/Natural

Enter this 3 character code on Form A, under Attribute Code, 
beside the corresponding feature code. Enter the first 
attribute listed for a feature on the same line beside the 
feature it is describing.

Example: Item Feature Attribute Values
Number Code Code

20 STR MAN

If there is more than one Standard Attribute that is 
relevant, follow the same procedure to find the Attribute 
Codes and list these codes in the column under Attribute 
Code. The next Item Number will be listed on the line after 
the last attribute code for the previous feature.

Example: Item Feature Attribute Value 
Number Code Code

20 STR MAN
NAM 
SAL

21

5. Think of values for each attribute chosen that 
further describe the specific feature on the map. List 
these in English beside the corresponding attribute.

Example:

Item Feature Attribute Values 
Number Code Code
20 STR MAN Natural

NAM Rappahannock River 
SAL Brackish

21

Continue this process in order for each item circled on the 
test map.
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Instructions

PART 2 - COMPLETENESS TEST

Portions of nautical chart and topographic map legend 
specifications have been chosen for the test of 
"completeness." Section G - Ports and Harbors - of Chart 
#1, 8th edition, November 1984 , and page 11 of the Standards 
for 1:24,000 and 1:25,000 Scale Quadrangle Maps, December 
1981, are the test legend sheets. Using the same procedure 
as in Part 1, complete FORM A for each numbered legend item 
on the test sheets.
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Instructions

PART 3 - COMMENTS

Please respond to the questions on the following pages. 
Your comments will provide valuable information and assist 
greatly in making the changes necessary for the improvement 
of the standard.

1. In Part 1, which numbered features caused the greatest 
difficulties for coding? Were there any features on the map 
that could not be coded from the standard list?

2. In Part 2, which legend items caused the greatest 
difficulties for coding? Were there items that could not be 
coded from the standard list?

3. In both Part 1 and Part 2, were you able to separate 
different features adequately with the attributes provided? 
Please describe any problems in this respect.

4. Overall, would you say that the proposed standard and 
attribute scheme was easy to use, or difficult to use? 
Please comment.

5. Are you satisfied that the results of such a coding 
scheme could provide a sound basis for exchanging digital 
cartographic data?

6. Please record any additional comments you have on the 
testing procedure and the proposed scheme.

7. Please indicate your professional training or background 
in the area of cartography or computer mapping.
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FORM A TEST OF STANDARD FEATURES AND ATTRIBUTES

ITEM 
NUMBER

FEATURE 
CODE

ATTRIBUTE 
CODE

VALUE
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APPENDIX II

INTERIM PROPOSED STANDARD FEATURE DEFINITIONS

INTERIM PROPOSED STANDARD ATTRIBUTE DEFINITIONS
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