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PREFACE

This report is the eighth in the series which discusses the work of the
National Committee for Digital Cartographic Data Standards. It contains the
Draft Proposed Standard for cartography in the United States. The standard
is divided into four major sections: Definitions and References, Spatial
Data Exchange, Digital Cartographic Data Quality, and Cartographic Features.

The Committee has organized a special set of public hearings on this Draft
Proposed Standard to be held at the AUTO-CARTO 8 meetings in conjunction
with the Spring American Congress on Surveying and Mapping meetings in
Baltimore on Thursday April 2, 1987 beginning at 8:30 A.M. All interested
parties are invited to participate in these hearings.

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

National Committee for Digital Cartographic Data Standards
Numerical Cartography Laboratory

158 Derby Hall

154 N. Oval Mall

Ohio State University

Columbus, Ohio

U.S.A. 43210

Harold Moellering
Series Editor
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INTRODUCTION AND EXECUTIVE SUMMARY

1.0 BACKGROUND

For more than five years an effort has been going on in the United States to
develop digital cartographic data standards. This report presents the Draft
Proposed Standard in four parts that are the result of a tremendous amount
of work by the Committees and individuals involved. This initial
introduction and executive summary is intended to provide the reader with a
brief overview of this effort and a summary of the standard being proposed.

The National Committee for Digital Cartographic Data Standards has been
formed with the general goal of working with the cartographic profession to
develop digital cartographic data standards which can be applied on a
national basis. The mandate for this work has come from a Memorandum of
Understanding that was negotiated between the National Bureau of Standards
and the U.S. Geological Survey in 1980 that designated the Survey with lead
responsibility for developing, defining, and maintaining data elements and
standards for earth science information systems. It is clear that
cartographic data standards are only one aspect of this broader mandate. In
January 1982 the National Committee for Digital Cartographic Data Standards
was founded and organized under the auspices of the American Congress on
Surveying and Mapping, the parent organization of the American Cartographic
Association. The Committee operates as an impartial and independent body to
develop the necessary cartographic standards in a milieu which includes all
segments of the cartographic profession. The standards being developed by
the Committee will be submitted back to the U.S. Geological Survey with the
ultimate goal of becoming Federal Information Processing Standards (FIPS).
It is anticipated that the agency, after due consideration, will submit
these standards to the National Bureau of Standards for consideration as
FIPS standards. To this end the National Committee has organized itself
into a Steering Committee and three Working Groups (WGs):

Working Group I Data Organization
Working Group II Data Set Quality
Working Group III  Cartographic Features.

As the organization of the Committee is now constituted, the Steering
Committee serves as a policy review group which oversees the output of the
Working Groups for clarity, consistency and coherence, and subsequently
votes on that work. The Working Groups are where a large part of the real
effort of the Committee takes place.

As a result of the establishment of the National Committee, its original
primary goal has been defined as (Moellering, 1982):
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To provide a professional forum for all involved Federal, State, and
local public agencies, private industry, and professional
individuals to express thelr opinions, assessments, and proposals
concerning digital cartographic data standards. After sufficient
time for the formulation, circulation, discussion, reformulation,
and comment, these proposed standards will be submitted to the U.S.
Bureau of Standards to become national digital cartographic data
standards.

In the ensuing years, this original statement has been slightly modified
such that the proposed standards will be submitted back to the U.S.
Geological Survey, and then the Survey will then carry the standards forward
to the National Bureau of Standards.

The primary tasks of the Committee are as follows:

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

2) To define the number, scope, and goals of the Working Groups and to
appoint the membership of the Groups;

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

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

5) To issue periodic reports from the Committee and the Working Groups; and

6) To submit the proposed standards to the U.S. Geological Survey.

A second committee cooperating in this effort is the Standards Working Group
of the Federal Interagency Coordinating Committee on Digital Cartography
(FICCDC). 1It was organized in 1983 with a mandate to coordinate activities
between Federal agencies relating to digital cartography. Of the five
Working Groups, one, the Standards Working Group, is of interest here. This
Group has a mandate to work on the problems of content, format and accuracy
in order to formulate efficient data exchange between Federal agencies.

1.1 Cycles of Work

In order to develop effective digital cartographic standards, the most
efficient approach is to follow the same strategy one uses to solve
scientific problems. Therefore one begins with the general considerations
and progressively works down to the specific detailed problems and then back
up to the general problem. As a result, the solution process has been
conceptualized into five basic cycles of work:



1) Define the fundamental issues involved,

2) Define the alternatives to the problem,

3) Formulate an Interim Proposed Standard,

4) Test and evaluate the Interim Proposed Standard,
5) Generate the final Proposed Standard.

At the end of each cycle a report has been written by the Committee and
circulated to the profession for thought, reflection and comment. Numerous
presentation sessions have also been held at the Spring and Fall ACSM
meetings for public comment and discussion. Comments received by the
Committee from concerned professionals have been integrated into the process
quickly. It should be fairly clear that this incremental process described
here is designed to minimize contrasting opinions at the end by integrating
comments and suggestions quickly into the process.

The process began with cycle 1 when the Committee was originally organized
and the fundamental issues were defined during the 1982-83 year. The issues
were presented and discussed in Committee Report No. 3 (Moellering(ed.),
1983). During the following year of cycle 2 the feasible alternatives were
examined and evaluated in Committee Report No. 4 (Moellering(ed.), 1984) and
discussed in public hearings. Cycle 3 during the 1984-85 year saw the
formulation of the Interim Proposed Standard which was issued as Committee
Report No. 6 (Moellering (ed.), 1985) with public hearings held at the AUTO-
CARTO 7 meetings in Washington, D.C. During the 1986-87 years of cycle 4
the Committee conducted empirical field tests of the Interim Proposed
Standard, issued Report No. 7 (Moellering (ed.), 1986) and reviewed and
updated the standard. This work has been issued as the current report on
the Draft Proposed Standard with public hearings to be held at the AUTO-
CARTO 8 meetings in Baltimore in April, 1987. Future work on the standard
will be discussed at the end of this introduction.

2.0 COMMITTEE MEMBERSHIP

The National Committee for Digital Cartographic Data Standards 1is composed
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 W. Marx, Bureau of the Census

Jerome E. Dobson, Oak Ridge National Laboratories
Dean Edson, E-Quad Associates

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

Paula Hagan, Private Consultant

A.R. Boyle, University of Saskatchewan

Timothy Nyerges, University of Washington

Dean Merchant, Ohio State University

Hugh Calkins, SUNY Buffalo

The members of Working Group I, Data Organization:

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 C. Billingsley, NASA Jet Propulsion Laboratory

Robin Fegeas, U.S. Geological Survey

David Pendleton, National Ocean Survey

Clif McVay, Defense Mapping Agency

Jan W. van Roessel, EROS Data Center

Alfred A. Brooks, Information Interchange

The members of Working Group II, Data Set Quality:

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 Service

Wallace Crisco, Bureau of Land Management

Gunther Greulich, Survey Engineers of Boston

John L. Stout, Geological Consultant

David Meixler, Bureau of the Census

Frank Beck, U.S. Geological Survey

The members of Working Group III, Cartographic Features:

Warren Schmidt, Digital Mapping Unlimited, Chairman

Robert D. Rugg, Virginia Commonwealth University, Vice Chairman
Roger Payne, U.S. Geological Survey

Walter Winn, National Ocean Service

Beth Driver, Maxim Technologies Inc.

Frederick Tamm-Daniels, Tennessee Valley Authority

Mary Clawson, Naval Ocean R&D Activity

Benny Klock, Defense Mapping Agency

Erich Frey, National Ocean Service

Mark Monmonier, Syracuse University



The Standards Working Group of the Federal Interagency Coordinating
Committee on Digital Cartography has cooperated in the formulating and
testing of several parts of this Draft Proposed Standard. The membership
for this Working Group of the Federal Committee is as follows:

Gale TeSelle, Soil Conservation Service, Chairman

Joe Knott, Bureau of the Census

Michael Roivas, Defense Mapping Agency

David Thompson, Federal Aviation Agency

Pat Martin, Federal Emergency Management Agency

Eric Anderson, U.S. Geological Survey

Jan van Roessel, U.S. Geological Survey

Robin Fegeas, U.S. Geological Survey

Henry Tom, National Bureau of Standards

James Upperman, National Bureau of Standards

Lawrence Fritz, National Oceanographic and Atmospheric Administration
Walter Winn, National Oceanographic and Atmospheric Administration
Fred Tamm-Daniels, Tennessee Valley Authority

In addition, there have been a large number of corresponding members
involved in this effort. They fall into two broad groups: individual
professionals, of whom there are about a thousand, and organizational
liaison representatives, of whom there are about two hundred. The
organizations represented are professional societies, private sector
companies, academic groups, and state and local governments. The Federal
agencies are represented by the Federal Committee.

3.0 GENERAL DESCRIPTION OF THE STANDARD

The general goal of this standard is to facilitate the wide use of digital
cartographic data bases by providing capabilities that make it easier to use
data bases that were developed by other organizations. The work has been
divided into four major efforts: define cartographic objects, develop a
spatial data exchange mechanism, develop data quality specifications, and
develop a unified set of cartographic features. The work on the objects
develops a unified set of primitive and simple objects that can be built up
as digital representations of cartographic features. The work on spatial
data exchange aims to facilitate the digital transfer of the major kinds of
cartographic data between noncommunicating computer systems without loss of
content or meaning. The work on data quality develops the specifications of
a quality report based on the concept of "truth in labeling" and recommends
a coordinate standard. The work on cartographic features aims to specify a
unified set of definitions of cartographic entities that are real world
realizations of a feature and associated attributes. The following is a
more detailed summary of these four efforts.

4.0 OBJECT STANDARD (PART I)

The object standard is an attempt to produce a systematic and complete set
of cartographic objects for 0, 1, and 2 dimensions. Three dimensional
cartographic objects have not been specified. The objectives of this
standard for cartographic objects are severalfold:




1) to specify a set of primitive and simple cartographic objects in 0,1,
and 2 dimensions;
2) to specify the set of objects that will support the three major
cartographic functions:
a) geometry only operations,
b) geometry and topology operations,
c) topology only operations.
3) to specify these objects in a modular fashion such that more elabo-
rate compound and complex objects can be constructed from them;
4) to specify objects that are valid in planar, Euclidean geometry as
well as simple curved surfaces such as the sphere or ellipsoid.

Three classes of cartographic objects are defined. Two classes are defined
explicitly: geometry only, and geometry and topology, while the third class,
topology only, is defined implicitly by truncating the coordinates from the
geometry and topology class of objects. The intended use of these three
classes of objects is as follows:

1) geometry only - to be used for cartographic drawing only,

2) geometry and topology - to be used for work with modern cartographic
data structures which use geometric drawing and utilize topological
operations,

3) topology only - to be used for certain analytical operationms.

The relationship between the classes of objects and the intended use is spe-
cified in Table 1.

Table 1. Intended Uses of Defined Cartographic Objects
in Three Cartographic Settings.

Geometry

Geometry and Topology

Only (G) Topology (GT) Only (T)
0-D point * node (truncated node)
1-D line segment link link,

string directed link directed link with

arc chain * truncated nodes

ring (string or arc) ring (link or chain) ring (link with

truncated nodes)

2-D polygon polygon polygon

(ring(s): string or arc) (ring(s): link or chain) (ring(s): link with
truncated nodes)

pixel

grid cell

* Note: There are Special Implementation Objects in Part I, Section 1.4.4

that are based on the point and on the chain.

For the purposes of this standard, the following terms have the following
defined meanings:



Feature - a defined entity that can be represented by an object.

Entity - a real world phenomenon that is not subdivided into pheno-
mena of the same kind.

Object - a digital representation of a feature.

The relationship between a feature, an entity, and an object is represented
in Figure 1.
FEATURE
A defined entity that can
be represented by an object.

Entity | Object
|
A real world phenomenon | A digital
that is not subdivided | representation of a
into phenomena of the | feature.
same kind. |
|

Figure 1. Relationship Between Cartographic
Feature, Entity, and Object

5.0 SPATIAL DATA EXCHANGE STANDARD (PART II)

The Spatial Data Exchange Standard includes the primary capability to
exchange cartographic object, relational, and raster/grid information as
well as cartographic features and attributes, and information pertaining to
the quality levels of this data. This standard has been produced in
response to an identified need for a mechanism to allow spatial data to be
easily moved from one computer system to another, independent of make.
Because of this concern, this data exchange standard has been developed with
the following objectives:

1) to provide a mechanism for the interchange of digital cartographic
information between noncommunicating parties using dissimilar computer
systems, preserving the meaning of the information, and reducing to a
minimum the need for information external to this standard concerning
the interchange;

2) to provide, for the purpose of interchange, a set of clearly specified
cartographic objects and relationships that can represent real world
cartographic entities, and to specify the ancillary information that may
be necessary to accomplish the interchanges required by the cartographic
community;

3) to provide an interchange model that will facilitate the conversion of
user-oriented objects, relationships and information into the set of
objects, relationships and information specified by this standard for
the purposes of interchange such that their meaning will be preserved
and can be discerned by the recipient of a conforming interchange;




4) to ensure that any implementation of this standard can have the
following characteristics:

a) the ability to transfer vector, raster, grid, and attribute data,
and other ancillary information;

b) the implementation methodology can be media independent and
extendable to encompass new cartographic information as needed;

c) an internally contained description of the data types, formats, and
data structures such that the information items can be identified
and processed into the user’s native system;

d) the data and media formats should be based where practical on
existing FIPS, ANSI, ISO or other accepted standards.

This standard specifies a series of exchange modules. Each module contains
a collection of data fields that have been grouped together because of the
purpose and/or function of that information. Each module consists of a
collection of module fields that contain the information to be transferred.
Exchange modules are grouped into higher level abstractions called exchange
forms which are the Object Form, the Relational Form, and the Raster-Grid
Form which represent the three basic exchange forms for transferring spatial
elements. Each exchange form would serve the purpose of a conventional
exchange format and is preceded by information in the Global Information
modules and Data Quality modules. Three encoding methods can be used to
implement this standard:

A) 1International Standards Organization (ISO) 8211 data descriptive file
coding,

B) Federal Interagency Coordinating Committee on Digital Cartography
(FICCDC) Federal Geographic Exchange Format (FGEF) delimiter coding,

C) NASA General Data Interchange Language (GDIL), an extension of ISO 8211.

6.0 DATA QUALITY STANDARD (PART III)

The Data Quality Standard consists of a coordinate standard and the
specifications of a Quality Report. The purpose of a Quality Report is to
provide detailed information for a user to evaluate the fitness of the data
for a particular use. This style of standard can be characterized as "truth
in labeling", rather than fixing arbitrary numerical thresholds of quality.
These specifications therefore provide no fixed levels of quality because
such fixed levels are product dependent. In the places where testing is
required, several options for different levels of testing are provided. In
this environment the producer provides the quality information about the
data and the user makes the decision of whether to use the data for a
specific application. The five fundamental components of a quality report
are:



1) Lineage,

2) Positional Accuracy, with testing levels of:
a) deductive estimate,
b) internal evidence,
.c) comparison to source,
d) independent source of higher accuracy,

3) Attribute Accuracy, with testing levels of:
a) deductive estimate,
b) tests based on independent samples,
c) tests based on polygon overlay,

4) Logical Consistency, including tests of:
a) tests of valid values,
b) general tests for graphic data,
c¢) specific topological tests,

5) Completeness.
7.0 CARTOGRAPHIC FEATURES STANDARD (PART IV)

The cartographic features standard provides a model that consists of
entities, attributes, and attribute values as well as standard terms and
included terms. As such the standard contains about 200 entities, 300
attributes and 1100 included terms. As such the entity definitions are not
hierarchically structured, are scale independent, and are universal in the
sense that they are not product specific. This work has resulted in a
smaller primary set of entities that are more broadly defined with more
detailed and flexible attributes. The machine processing of such a
nonhierarchical and simplified entity set with flexible attributes is more
straightforward than with other approaches. The definitions of the entities
and attributes are organized such that there is a mechanism to add entities
and attributes not included in the standard.

Currently the standard only includes entities and attributes from topography
and hydrography. In the future hydrological, cadastral, geological,
geophysical and aeronautical entities and attributes will have to be defined
and added to the standard to make it complete.

8.0 FUTURE WORK

This report is scheduled for distribution in January of 1987 so that members
of the profession will be able to have ample time to read and digest the
contents of the standard in time for the public hearings to be held at the
AUTO-CARTO 8 meetings in Baltimore in March/April, 1987. During this
intervening time written comments concerning the standard will be gladly
accepted. At the hearings in Baltimore presentation and comment sessions
will be held as part of the public hearings where the entire Committee will
be present. These comments will be circulated and discussed in the
Committee meetings.




During the time frame of October, 1986 to February, 1987, the Standards
Working Group of the Federal Committee will be field testing the September,
1986 version of FGEF. The results of these tests are planned to be finished
by March, 1987. As a result the findings of these tests will be integrated
back into the standard after the April meetings.

After the AUTO-CARTO 8 meetings in Baltimore, the Draft Proposed Standard by
the National Committee and the testing results of the SWG of the Federal
Committee will be merged together. This work will be done by a TAsk Force
headed by Joel Morrison of the U.S. Geological Survey. This Task Force will
be composed primarily of members of the National Committee working Group I
and the Federal Committee Standards Working Group. This group will do the
final polishing of the standard in preparation for its submission as a
Federal Information Processing Standard (FIPS). This polishing work is
scheduled to be finished in the Summer of 1987. When the standard has been
finally polished, finally reviewed by the National and Federal Committees,
and ready for submission as a FIPS standard, it is planned that it will be
published in the American Cartographer. After this the Survey will carry
the standard through the formal FIPS process as defined by the U.S. National
Bureau of Standards. When a standard is proposed and considered as a FIPS
standard, a maintenance authority must be appointed because once a standard
is developed it must be maintained to keep it current. Periodic updates
will be required because specifying standards of this kind is not a one time
activity. It is anticipated that some arm of the U.S. Geological Survey
will be designated as the maintenance authority because it is the agency
that received the original mandate to develop the standard at the outset.
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PART I

DEFINITIONS AND REFERENCES

January, 1987

National Committee for Digital Cartographic Data Standards



1 SCOPE, PURPOSE AND APPLICATION

The Spatial Data Exchange Standard (SDES) has been produced to
meet a need for easy transfer of spatial data from one computer
system to another, independent of make.

The concerns for common data formats and geocoding conventions
cut across all topics of spatial data handling. Currently, it is
difficult and inefficient for diverse users to use a given set of
data, which hinders the interpretation of a data set from a
variety of sources for general use.

At least five major forces are causing concern about
incompatibility: (1) increasing amounts of spatial data are
being generated and must be stored, cataloged, and retrieved, (2)
there is rapid progress and expansion in the area of spatial data
processing, (3) increasing amounts of related and useful data are
being obtained in digital form, (4) increasing sophistication in
the ability to register digital images with maps, as well as the
analysis of multiple sets of data is resulting in a call for more
digital data, and (5) much of the map automation effort may be
duplicative and redundant.

The incompatibility of various archives, data base formats, and
processing has been documented several times. The basic elements
associated with cartographic and imagery data ( points, lines,
areas (polygons), grid cells and pixels,) are being used
increasingly for geographic analysis as well as for making maps.

Because of this concern, this data exchange standard has been
developed with the following objectives:

1. to provide a mechanism for the interchange of digital
spatial information between noncommunicating parties
using dissimilar computer systems, preserving the
meaning of the information, and reducing to a minimum
the need for information external to this standard
concerning the interchange.

2. to provide, for the purpose of interchange, a set of
clearly specified spatial objects and relationships that
can represent real world spatial entities, and to
specify the ancillary information that may be necessary
to accomplish the interchanges required by the
cartographic community.

3. to provide an interchange model that will facilitate the
conversion of user-oriented objects, relationships and
information into the set of objects, relationships and
information specified by this standard for the purposes
of interchange such that their meaning will be preserved
and can be discerned by the recipient of a conforming




interchange.

4. to ensure that any implementation of this standard can
have the following characteristics:

a. the ability to transfer vector, raster, grid, and
attribute data, and other ancillary information.

b. the implementation methodology can be
media-independent and extendable to encompass new
spatial information as needed.

c. an internally contained description of the data
types, formats, and data structures such that the
information items can be identified and processed
into the user's native systen.

d. the data and media formats should be based where
practical on existing FIPS, ANSI, ISO, or other
accepted standards.

This standard has been written so as to be "implementation
independent." Three alternative implementation methods that are
not a part of the standard are described in appendices A, B, and
C. The specifications of sections 4 and 5 describe the generic
data content and data organization of the exchange, and are meant
to be independent of the implementation method. The terminology
used in sections 4 and 5 must be translated into corresponding
terms for the implementation methods as provided in appendices
A,B, and C.

Section 2 discusses conformance to this standard. Section 3
lists the references that apply to this standard and presents the
terms and definitions as well. Section 4 contains general models
and general specifications. Section 5 contains
implementation-independent, detailed specifications for exchange
modules. Appendices A, B, and C present the encoding methods for
implementing this standard.

This standard specifies a series of exchange modules. Each
module contains a collection of data fields that have been
grouped together because of the purpose and/or function of that
information. Each module consists of a collection of module
fields that contain the information to be transferred.

Exchange modules are grouped into higher level abstractions
called exchange forms. Each exchange form would serve the
purpose of a conventional exchange format. Examples of these
formats are the U.S. Geological Survey's Digital Line Graph and
the Defense Mapping Agency's Standard Linear Format.



An exchange module implemented in the simplest of data
organizations would represent a single logical file implemented
as a single physical file. However, an exchange module can
actually be made up of one or more logical files, and implemented
as a single or multiple physical files.

Three encoding methods can be used to implement this standard.
These are discussed in Appendices A, B and C, respectively, as:

(A) International Standards Organization (ISO) 8211 data
descriptive file coding

(B) Federal Interagency Coordinating Committee on Digital
Cartography (FICCDC) Federal Geographic Exchange Format
(FGEF) delimiter coding

(C) NASA General Data Interchange Language (GDIL).

Table 1.1 provides a list of exchange modules grouped according
to the following: Globals Information, Data Quality, Object
Form, Relational Form, and Raster-Grid Form. The Object,
Relational, and Raster-Grid Forms represent the three basic
exchange forms for transferring spatial elements. With each of
these basic exchange forms, all or part of the Global and Data
Quality groups can be used to provide a complete transfer format.
However, a complete transfer format can also be assembled from
modules of any of the exchange forms as may be appropriate.

Table 1.1 Exchange Forms and Modules
GLOBAL INFORMATION

Catalog/Directory
Catalog/Cross-Reference
Catalog/Spatial~Domain
Identification

Security

Internal Spatial Reference
External Spatial Reference
Spatial Domain
Registration Points
Lineage

Positional Accuracy
Attribute Accuracy

Logical Consistency

DATA QUALITY

Lineage
Positional Accuracy




Attribute Accuracy
Logical Consistency
Completeness

OBJECT FORM

Point-Node

Line

Polygon-Ring

Arc

Composite

Attribute Description

RELATIONAL FORM

Schema
Feature/Element
Polygon/Ring
Polygon/Chain
Polygon/Point
Ring/Chain
Ring/Point
Chain/Point
Node/Chain
Node/Point
Polygon/Address
Ring/Address
Chain/Address
Node/Address
Point/Address
Chain-topology
Attribute-Primary
Attribute-Secondary

RASTER-GRID FORM

Grid-Definition
Grid-Cell
Raster-Definition
Raster-Cell



2 CONFORMANCE

This standard makes a clear distinction between data models,
content, and structure on the one hand, and implementation on the
other. Sections 4 and 5 address the former, while Appendices A,
B, and C specify the latter.

A spatial data exchange shall be in conformance with this
standard if all specifications in sections 4 and 5 are strictly
adhered to.

Appendices A, B, and C are not a part of the spatial data
exchange standard. They contain three strongly recommended
implementation methods. Non-conformance with any of the
specifications for these methods does not imply non-conformance
with the standard.




3 MAINTENANCE

The U.S. Geological Survey is the designated maintenance
organization for this standard. Queries may be sent to the
Chief, National Mapping Division, U.S. Geological Survey, Reston,

VA 22092.



4 GENERAL SPECIFICATION

This section contains general concepts and specifications that
pertain to the exchange module specifications of Section 5. It
also specifies the general elements of an implementation and the
relationships of the logical constructs of the data models to the
general elements of a detailed implementation as well as general
constraints on implementations. This section consists of two
main parts: the underlying models, and specific exchange module
specification conventions used in Section 5. This section also
contains specifications for the relationships of the logical
constructs of the model to the general constructs of an
implementation such as those described in the Appendices.

4.1 Spatial Data Exchange Models

Three data models form the basic foundation for the process of
converting from a user representation of a cartographic feature
to a corresponding digital object representation in a spatial
data exchange.

1. The conceptual model of spatial data. This model
describes the spatial objects and the logical and
topological relationships between the spatial objects
used to capture the spatial features. The conceptual
data model is data structure independent.

2. The exchange forms. This data model relates to
capturing the objects and their relationships, as
expressed in the conceptual model, into appropriate data
structures that are represented by the exchange forms,
namely: vector-based object oriented, vector-based
relational, or raster-grid. The exchange forms express
a logical data model that is data structure dependent
but implementation independent.

3. The exchange model. This model relates an
implementation of these data structures to logical
constructs of the standard and the general constructs of
the implementation method and a selected exchange
medium. The exchange model is therefore implementation
dependent.

Each of these three underlying models will be discussed in turn
in the following three sections (4.1.1-3).




4.1.1 The Conceptual Model Of Spatial Data

Implicit in this spatial data exchange specification is a
conceptual model of spatial data that is sufficient to
accommodate the wide range of different user-specific views of
spatial data to be exchanged. This section briefly outlines this
conceptual model and, together with the following two sections,
provide a framework within which a user can map spatial data into
the exchange modules of this standard.

At the most abstract level, this conceptual model of spatial data
consists of features, attributes, and relationships. A feature
is a defined real world phenomenon that is not subdivided into
phenomena of the same kind. An attribute is a defined
characteristic of a feature. An attribute may be assigned a
specific quality or quantity termed an attribute value. A
required attribute of a spatial data feature is location.
Relationships exist between features and between attributes (as
well as between attributes and features).

At the next level of abstraction, the conceptual model consists
of spatial objects. An object is a digital representation of
part or all of a feature. Likewise, attributes, attribute
values, and relationships can have digital representations that
are related to objects and one another just as they themselves
are to features and one another at the higher level of
abstraction.

The spatial objects that can be used to represent features are
defined in terms of spatial attributes (i.e. geometry) and
spatial relationships (i.e. topology). The definition of each
object type is given in the Terms section of Part I, Section 3.
For the present, the explicit spatial dimensionality of these
objects is limited to zero, one, and two dimensions. This model
can be seen therefore to consider the location attribute to be
primarily defined in reference to a surface (usually the
Earth's). Three or N-dimensional data, however, may be
accommodated.

In addition to the basic spatial objects, a generic composite
object and an attribute data object are also available. A
composite object consists of two or more other objects (either
basic or composite). An attribute data object can be used to
represent attributes and attribute values independent of other
objects. These two objects, the composite and the attribute
data, allow non-spatial attributes and relationships as well as
more complex spatial attributes and relationships to provide the
basis for user-defined digital representations of features and
attribute data.



Finally, this model provides for "global" features, attributes,
and relationships to be described. The spatial data of a given
exchange may be characterized by spatial domain, feature class,
temporal extent, data quality, security requirements, spatial
referencing system (for location), or whatever other global
information may be pertinent. Further, a catalog construct may
be used to specify global relationships between groupings of data
as well as relationships between objects.

4.1.2 The Exchange Forms

Spatial data may conform to the one conceptual model and still be
represented by more than one logical data model. This standard
provides for three different logical data structure constructs to
be used for exchange. These constructs, termed exchange forms,
are (1) the Object form, (2) the Relational form, and (3) the
Raster-Grid form. Various individual exchange modules may be
grouped into one of these exchange forms (see Table 1.1).

The object form can be thought of as comprising the traditional
"vector" spatial data representation. Each individual exchange
module record is meant to carry all information or links to all
information about one cartographic object. Locational data,
other attribute data, and relationships to other objects are all
included in one module record.

The relational form also expresses a vector representation, but
in the form of a set of relational tables. Here each exchange
module represents a relationship between objects or between
objects and attributes or between attributes.

The raster form organizes the spatial data by location and can be
considered the means for exchanging traditional raster or grid
cell structured data. The Raster-Grid modules allow attribute
data to be associated with image pixels or grid cells.

Note that the global modules are used with any of the three
exchange forms.

4.1.3 The Exchange Model

This section defines the third model in terms of its constructs
and logical relationships. It deals with three types of logical
exchange constructs: 1) logical constructs solely pertaining to
this standard; 2) constructs relating the implementation methods
or media; and 3) constructs solely pertaining to the exchange
media. The three types are summarized in table 4.1.3.1.
Definitions as found in Section 3.2 define logical
characteristics of constructs that have physical instances which
are implementation and/or media dependent. Definitions for the
corresponding physical constructs may be found in the
implementation requirements in the Appendices where additional




constraints may exist.
Table 4.1.3.1
Exchange Constructs of this Standard

Construct Logical Implementation Media
Module X
Module specification X
Module record X
Module field X
Module subfield X
Field group X
Subfield
Field
Record
File
File set
Volume
Volume set
Media record

E S

> X

Table 4.1.3.2 depicts the relationships of the logical constructs
specified in this standard to the typical constructs of an
implementation and a medium. These relationships may vary due to
the capabilities of the implementation and the medium chosen. An
implementation may be media specific, in which case the
implementation constructs and media constructs may appear merged
into a single concept. For implementations that are
media-independent, some of the constructs are logical constructs
whose instances become specific only when the medium is
specified. By separating the logical constructs from the
physical constructs, this standard provides a set of logical
specifications that can be supported by more than one
implementation method for more than one medium.
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Table 4.1.3.2

Relationships between the Exchange Constructs of this
Standard and a Typical Implementation and Medium.

Logical Constructs Implementation Media
of this Standard Constructs Constructs
spatial data > file set > volume set
exchange A
A
A A volume
A A A
A

module p>> file = file

A A A

A A A
module record p>> record p>> media record

A A

A A
module field p>> field

A A

A A
module subfield = subfield

B =A implies functional equivalence of A and B

B >A implies A contains one of B

B >> A implies A contains one or more of B

B p>> A implies A contains part of, or one or more of B

The exchange model specifies relationships of the following basic
types: (1) implicit construct ordering relationships, and
(2) explicit cross-references between constructs.

Ordering relationships referred to in this standard carry the
meaning that the constructs should be accessible to the receiver
in the order indicated, without requiring any information about
order not contained within the exchange or in this standard. It
does not necessarily imply physical storage order on the media.
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4.1.3.1 Backus-Naur Form

Backus-Naur Form will be used to concisely express structure,
relationships, and layout of the exchange constructs in this
specification where appropriate. BNF is a system of production
rules, equivalent to that of syntax diagrams, that was first
developed by Backus (1963).

Each production rule has a left side (identifier) and a right
side (expression) connected by the symbol "::=", meaning that the
left hand side is replaced by or produces the right hand side.
Terms in the right hand side either match other identifiers or
are terminal symbols. Making substitutions using matching
symbols in the production rules therefore lead to explaining the
highest level identifier in terms of the lowest level terminal
symbols. Other identifiers are intermediate, explaining the
organization of the lower level symbols, and it is this
expressive power of BNF that is used to define the organization
of the exchange constructs in this standard. Most often the
terminal symbols will actually be absent, but the production
rules are presented in an indented form, which indicates the
levels of organization.

The BNF used here is an extension from normal usage, where the
order of the terms in the right hand side of the production rule
implies a physical ordering of these terms (as characters in a
sentence for instance). However, for data exchange, order may
not be important at times, and the terms may be considered a set.
When order is not important, the convention of separating the
terms with a "," will be used.

The symbols used in the production rules have the following
meaning:

Symbol Meaning

= is replaced by, produces, consists of
exclusive or

] term enclosed is optional (used zero or one times)
} term enclosed is used any number of times
(zero, one, or several times)
<> term enclosed is non-terminal
’ exists together with (no order implied)

An example of the usage of BNF is the following:

<module record A>::= <Pfield>, (<Sfieldl>)}, {<Sfield2>}, [<Sfield3>)
<Pfield>::= <Modname> <Objrep> <Objid>

meaning that module record A is composed of a primary field and
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three secondary fields, where these fields need not occur in the
order shown. Sfieldl and Sfield2 may be repeated a variable
number of times, and Sfield3 either occurs once or is absent.

The primary field is further defined in terms of its subfields,
whereas the secondary fields are not broken down any further, but
are non-terminal, meaning that they represent intermediate
concepts. As the subfields of Pfield are not separated by
commas, they must occur in the order indicated.

4.1.3.2 Implicit Relationships Between Constructs

The ordering relationships between the logical constructs of this
standard in the exchange are designated in Table 4.1.3.2. This
table also designates the relationships between these constructs
and other implementation and media constructs.

4.1.3.2.1 Modules Within A Spatial Data Exchange

In a spatial data exchange, modules should be organized (see
Table 5.2.1) beginning with global modules, followed by
cartographic object modules, followed by relational modules,
followed by the raster modules. However, when catalog modules
are included, this ordering is not required and need not be
adhered to.

Module types may be included or omitted as required.
4.1.3.2.2 Module Records Within Modules

Module records should preferably occur in ascending sorted order,
according to the module record identifier field. Module records
representing spatial objects or relationships between components
of spatial objects (relational exchange form) shall occur in the
order dictated by the spatial data model.

4.1.3.2.3 Module Fields Within Module Records

It is recommended that module fields within module records occur
according to the sequence specified in Section 5. Module fields
may occur in a different order, given that each field is properly
identified through the encoding method and that the relationships
between fields is preserved where appropriate (field groups).
Module fields within each module description are arranged such
that within a given module record the primary module field will
not repeat, whereas the secondary module fields may repeat a
fixed or variable number of times.

The structure of a module with a primary field "Pfield", and

secondary fields Sfieldl, Sfield2,...,Sfieldn, can be expressed
as:
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<module record>::= <Pfield>, {<Sfieldl>)}, {<Sfield2>},
eee, {<Sfieldn>)}

where the "{}" brackets indicate occurrence of zero or more
times. The rules for the case where the field is absent are
given in section 4.1.3.2.6.

The above model generally applies, but there are also instances
where the relationships between module fields are more complex,
and the fields participate in a tree structure (see

Section 4.1.3.2.5). Moreover, the order of repetition of a
module field may not be significant, or it may be highly
significant. Secondary fields therefore fall into four classes:

a) the order of repetition is not significant
b) the order of repetition is significant

c) the order of repetition is significant and is correlated
with the repetition of another field

d) the field participates in a rooted tree structure
Modules of the Relational Exchange Form have only a single module
field per module record, and therefore are simply constructed as:

<module record>::= <Pfield>

4.1.3.2.4 Subfields Within Fields

Module subfields within module fields shall occur according to
the sequence specified in Section 5.

A module subfield with a given name can be repeated a variable
number of times within a given spatial data exchange if this is
so specified within this standard (see Section 4.2.3.6).

4.1.3.2.5 Field Groups

Certain groups of module fields have special ordering and/or
relationships that deviate from the simple nesting model
specified in Section 4.1.3.2.3. These are designated as special
field groups. There are two types of field groups:

(1) attributes, and (2) polygons (rings).

Attribute fields are related in the form of a tree; their
organization is fully specified in Section 4.1.3.3.6.
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Polygons (rings) occur in the Polygon-Ring module and consist of
a set of spatial address fields or foreign identifier fields for
a ring, and rings grouped into a polygon. The special
relationship between the fields is the repetition of the spatial
address or foreign identifier fields for a ring, and the
repetitions of the multiple rings for a polygon within the module
record. This field group is defined in the Polygon-Ring module
specification (Section 5.4.3).

4.1.3.2.6 Optionality Of Module Fields

Module fields can be be omitted entirely provided that: (1) the
sequence indicated in Section 5 is maintained, and (2) remaining
fields can be properly identified in the decoding process without
additional external information not contained in this standard.
Alternatively, fields may be empty (null) module fields. The
definition and the method for implementing null fields is
implementation dependent, and may also be application specific.

4.1.3.2.7 Optionality Of Module Subfields

Module subfields can be be omitted entirely provided that:

(1) the sequence indicated in Section 5 is maintained, and

(2) remaining fields can be properly identified in the decoding
process without additional external information not contained in
this standard. Alternatively, subfields may be empty (null)
module fields. The definition and the method for implementing
null subfields is implementation dependent and may also be
application specific.

4.1.3.2.8 Extra Module Fields And Module Subfields

Private agreements limit the scope of the interchange and are
discouraged. Recurring needs for similar private agreements with
a significant number of users should be referred to the
maintenance organization of the standard.

Under private agreement, extra module fields and module subfields
may be added, but the integrity of the standard should not be
compromised. Additional field names and subfield names may be
added provided that they do not conflict in meaning with similar
controls specified in this standard. Full specifications for
each implementation method are found in the appendices.

4.,1.3.2.9 Preservation Of Order
For a repetitive list, an implementation shall preserve the order

as received from the sender, and on output, preserve order as
found on the media.
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4.1.3.3 Explicit Relationships Between Constructs

Whereas the previous sections dealt with implied relationships
between constructs, the following sections deal with
relationships between constructs which are explicitly encoded in
the spatial data exchange. The relationships discussed are not
only restricted to relationships between exchange constructs, but
also include other elements of the exchange such as spatial
addresses and attributes.

4.1.3.3.1 Modules, Records, Files, And Volumes

As indicated in Table 4.1.3.2, a module may occur in a part of,
in all of, or in more than one media record, file, or volume.
The Catalog/Directory module may be used to specify which
records, files and volumes are associated with a particular
module. Each Catalog/Directory module record has a single field
with subfields containing identifiers for module, record, file,
and volume. More than one catalog module record may be used to
express the relationships between a specific module and its
associated media records, files, and volumes.

4.1.3.3.2 Module Cross References

Certain modules may reference, have bearing on, refer to, or
relate to other modules. These relationships are specifically
expressed in the Catalog/Cross-Reference module. Each module
record in this module has one field consisting of four subfields,
containing module names and types for two modules.

4.1.3.3.3 Modules And Spatial Domain

Relationships between modules and spatial domain, map and map
layer are expressed through the Catalog/Spatial=-Domain module.
Each module record in this module has a field with four
subfields, containing module name, spatial domain, map name, and
layer name.

4.1.3.3.4 Module Record Cross References
Module Record Identifiers -

Explicit relationships between module records are established
through module record identifiers and foreign identifiers. A
module record identifier shall provide a unique identification
for the record in the entire exchange. The identifier has three
subfields: (1) module name, (2) object representation, and (3)
object identifier. The module record identifier frequently
exists as the first three subfields of the primary module field
associated with the module record. The object identifier must be
unique within the combination of module name and object
representation.
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Module record identifiers are used only for the modules in the
Object exchange form. In the Relational exchange form module
name and object representation are stored in the schema module
preceding the spatial data module. Module records for the global
modules do not have unique record identifiers, but carry only the
module name in the first subfield of the primary module field.

Foreign Identifiers -

References to other records from a given record shall be made
through foreign identifiers. Foreign identifiers must be
identical in domain and structure to the module record
identifiers across the entire interchange file set. Omitted
subfields must be consistently omitted in both foreign and module
record identifiers.

4.1.3.3.5 Spatial Addresses

The standard allows for a number of spatial addressing techniques
other than the traditional method of Cartesian coordinates. For
each method, and even within each method, a potentially different
number of subfields may be required to form a complete spatial
address. The method for specifying the type of address and for
labelling the components of the address are further specified in
Section 5.1.2.

4.1.3.3.6 Attributes

The attribute field group is a set of consecutive fields
containing a nested tree structure of the generic form:

<subtree>

::= {<attribute> | <[> <subtree> <]>}
<attribute> :

:= <attribute definition field>
{<attribute value field>)
<attribute definition field> ::= <attribute name>
<attribute value format>
<attribute value unit>
<attribute value field> ::= {<attribute value subfield>)}

where the "{}" brackets indicate indefinite repetition, and "|"
has the meaning of exclusive OR. All terms in the productions
are non-terminal and are enclosed in "<>" brackets. The
sentences that can be produced by the above BNF are not to be
taken literally; they are only symbolic of the attribute tree
structure present in any kind of specific implementation of this
standard. In the sentences that can be generated by the above
representation the subtrees other than the root subtree are
identified by opening "[" and closing "]" brackets.

17




Each attribute in the attribute tree consists of two consecutive
field types: the attribute definition field and the attribute
value field. For each attribute, the attribute value field may
be repeated an arbitrary number of times, and each attribute
value field may consist of an arbitrary number of attribute value
subfields. The significance of an attribute followed by a
subtree is that the subtree provides secondary data for the
attribute. Any attribute subfield may be omitted according to
the rules for missing subfields of Section 4.1.3.2.7.

Assuming the following tree structure for example:

Al A2 A3 A4 A5 A6

I I
Bl B2 Cc1 c2 C3

I I
D1 El E2

where the attribute with name A2 has secondary attributes B1l, B2
etc., and where the format, unit, and value are represented by
FAl, UAl, VAl, etc., the structure may be expressed sequentially
as:

Al FAl UAl VAl
A2 FA2 UA2 VA2
[Bl1 FB1 UBl VB1
B2 FB2 UB2 VB2
[D1 FD1 UD1 VD1])
A3 FA3 UA3 VA3
A4 FA4 UA4 VA4
A5 FA5 UA5 VA51 VA52 VAS53
[C1 FC1 UC1 VC1
C2 FC2 UC2 VC2
[(E1 FE1 UE1 VE1
E2 FE2 UE2 VE2)
C3 FC3 UE3 VE31 VE32 VE33]
A6 FA6 UA6 VA6

In this generic example, the tree and subtrees are characterized
through brackets and indentation. Each implementation method for
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