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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

12



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.
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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
this standard must have its own mechanism for transferring the
logical relationships between the module fields of the attribute
tree.
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4.1.3.3.7 Attribute Description

To avoid unnecessary repetition of attributes that do not vary
from spatial object to spatial object, attributes may be stored
separately in the Attribute Description module. The association
between the spatial object representation and the attribute
record in the attribute description module shall be expressed
through a special attribute coded to provide the linkage. For
this special attribute the attribute value format subfield shall
contain the character "~", and the attribute value field shall
have three subfields containing the components of the foreign
identifier.

In general, this convention may also be used to store foreign
identifiers pointing to module records other than module records
of the attribute description module.

4.1.3.3.8 Attributes In The Relational Exchange Form

Attributes for the relational exchange form are stored as module
subfields in a single module field which is equivalent with the
module record. For implementation methods which are not
self-describing, format information must be provided in a Schema
module. The pairing of attribute and schema modules shall be
expressed in the Catalog/Cross-Reference module. The
Attribute-Primary and Attribute-Secondary attribute modules may
be used to relate secondary to primary attributes, and this may
be done recursively, so that hierarchical relationships can be
preserved. The first subfield(s) in an Attribute-Secondary
module record should be a relational foreign key or be join items
in an Attribute-Primary module record. Schema modules may be
provided for non-attribute relational exchange forms as well, but
this is not a requirement.

4.2 Exchange Module Specification Conventions

The following sections contain the conventions followed and
notation used for the module specifications of Section 5.

4.2.1 Specification Layout

Each specification consists of two consecutive tables: (1) the
module composition table, and (2) the domain description table.
The module composition table has a number of columns describing
the fields comprising the module record. They represent: (1)
Field Name, (2) Subfield Name, and (3) Field/Subfield Name
Description. Each module record is composed of a set of module
fields. Each module field has a field name. The primary module
field name for a module record is also the module type. Subfield
names identify the data content of the module records.
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The domain description table consists of four columns
representing: (1) Subfield Name, (2) Subfield Type, (3) Domain,
and (4) Domain Description. Each subfield name entry has a
corresponding name entry in the module composition table. The
Subfield Type indicates the manner in which the subfield must be
encoded. Each of the codes has the following meaning:

A: graphic characters, alphanumeric characters,

or alphabetic characters

implicit-point (integer)

explicit-point unscaled (real)

explicit-point scaled (real with exponent)
bitfield data (unsigned binary, as per agreement)
character mode bitfield (binary in zero

and one characters)

QwhxH

In some instances, one may select from two of the above types, in
which case the code letters will be separated by a vertical bar
"|", The subfield type used should always be predictable.

The domain column specifies the set of values that may be encoded
within the indicated subfield type. There are seven major domain
specifications:

(a) Graphics characters (Gr-chars)

(b) Alphanumeric (Alphanum)

(c) Alphabetic (Alpha)

(d) Integer

(e) Real

(£) Binary

(g) Allowable values (domain enumeration)

In the first six cases (a,b,c,d,e,f), the domain column will
indicate "Alphanumeric," "Integer," etc. 1In the last case, (9),
the permitted values are listed, and each value is explained in
the domain description column. For the first six cases, the
domain description column may provide further restrictions. For
instance, if an alphanumeric item must start with an alphabetic
character this will be indicated.

Table 4.2.1.1 contains a complete enumeration of the graphics
characters, alphabetic, numeric, and alphanumeric character sets
to be used for the graphics characters, alphabetic, numeric, and
alphanumeric domains.
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Table 4.2.1.1

Character Sets Used to Express the Graphics Characters,
Alphabetic, Numeric and Alphanumeric Domains

Graphics Characters

Alphanumeric

Alphabetic Numeric

A N a n blank 0 E ! | _
B o b o i . " / {
C P ¢ p 2 + # : }
D Q@ d4d ¢ 3 - $ ;

E R e r 4 % <

F S £ s 5 & =

G T g t 6 ! >

H U h u 7 ( 2

I v i v 8 ) e

J W j w 9 * [

K X k X ~ ]

L Y 1 vy v\

M 4 m 2z A

1/ The width of the underline below the character
set name indicates which characters are included
in the set

2/ The "“E" in the Numeric set is used for expressing
an exponent. Note that the characters ".",6 "+",
and "-" are not part of the Alphanumeric set.

4.2.2 Generic Versus Explicit Specification

Various specification elements, such as module names, field names
and subfield names, can be specified generically, rather than
explicitly. In this case the user must replace the generic names
with names composed by the user, or selected by the user from a
name substitution table, as indicated by the notation and naming
conventions laid out in the following sections.

An explicit specification is one that shall appear verbatim as
documented in this standard.
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4.2.3 Notation And Naming Conventions

This section specifies notation conventions for the nature and
character of field names and subfield names occurring in the
module specification tables.

4.2.3.1 Explicit Specification

All field names are specified in alphabetic characters, with the
first character in upper case, and the remainder in lower case.
Subfield names are specified the same as field names.

4.2.3.2 Generic Specification

Field name and subfield names are specified in lower-case
alphabetic characters, and the entire name shall be replaced by
the user, often from specified authority tables.

After user substitution, all specifications will appear as though
they were explicit specifications.

4,2.3.3 Classes Of Fields

Fields may be grouped into different classes. Some fields may
have repeated instances in the exchange, while others are not
allowed to repeat. For some fields ordering may be important,
while for others it is not. To designate the class of a field
therefore, each field may have one or more characters following
its name. The meaning of these designations is as follows.

Primary fields will be indicated by a (P), secondary fields where
order of repetition is not significant are marked by (R), and
secondary fields where the order is significant are marked by
(0). Secondary fields participating in a tree structure will be

marked by (T). Secondary fields that should not be repeated are
marked with (N).

Secondary fields where order of repetition is significant and is
correlated with the repetition of one or more other fields is
designated as follows. Each set of fields with a module record
where ordering is correlated will be assigned a character. This
character is then appended to the order symbol (0) for a field,
symbolically expressed as follows: (0/x), where x is replaced by
an upper case alphabetic character in the specifications. For
example, if two fields named Internal address and External
address, have an ordering relationship in which there is a
one-to-one correspondence between the elements in the list of
instances of these fields, then the pair of these fields is
designated as set A and the fields are marked:

Internal address (O/A)
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Flag

(*)
(+)

(#)

(P)
(0)

(0/x)

(R)
(T)

]

>
~

Used with

field

name

generic
subfield

name

subfield

name
field
field

field

field
field

field
field

field

name
name

name

name

name

name
name

name

Meaning

Part of field group

User must substitute one or more explicit
subfields with user assigned names for
the generic subfield in the generic
specification

Subfield with given name and type may be
repeated an indefinite number of times
Primary module field

Secondary module field where order of
repetition is significant

Secondary module field where order of
repetition is significant, and where the
order is correlated with the order of

one or more other fields belonging

to the set x (x to be replaced with

an uppercase Alphabetic character)
Secondary module field where order of
repetition is not significant

Secondary module fields participating in a
rooted tree structure

Non~repeating secondary module field
Contents and structure of the field is tha
of a spatial address

Contents and structure of a field is t*
of a foreign identifier
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5 EXCHANGE MODULE SPECIFICATION

This section contains field and subfield specifications for each
exchange module record. Each exchange module may contain a
number of module records. The general data models and
specifications of Section 4, combined with the specific details
of this section, form the implementation independent core of the
standard.

An implementation of this standard shall preserve the meaning of
the data including any logical associations required by this
standard. The specifications may require:

o the preservation of or means for reconstruction of a
logical order in which the recipient may retrieve data
comprising module subfields, module fields, module
records, and modules

0 the preservation of or means for reconstruction of the
logical structures such as ordered rooted trees

o the preservation of the identity of the interchange data
elements

mgaflc requlrements for the preservation of meaning and/or
‘are set out in each module spec1flcat10n according to the
arized in section 4.2.3.8.

Universal Fields And Subfields

In the following sections, universal fields and subfields are
specified for attributes, spatial address, and foreign
identifier. Also, in order to facilitate the exchange of
meaning, field and subfield coding conventions in the form of
existing standards are specified.

5.1.1 Attributes
Attributes constitute a special field group that represents a

tree structure (see Section 4.1.3.3.6). The two field types of
this field group are specified as:
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FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

(*)Attribute Definition (T)
Attribnam Attribute
Attrfmt  Attribute
Attrunit Attribute

(*)Attribute Value (T)

(#)Attrval Attribute

SUBFIELD SUBFIELD

NAME TYPE DOMAIN
Attribnam A Gr-chars
Attrfmt A A
I
R
S
B
C
A
Attrunit A Gr-chars
Attrval Al Gr-chars
I} Integer
R] Real
S| Binary
B|
o}

name
value(s) format

value(s) measurement unit

value

DOMAIN DESCRIPTION

Any combination of graphics
characters

Graphics characters 1
Implicit-point (integer) >
Explicit-point unscaled i
Explicit-point scaled

Bitfield data

Character mode bitfield

Foreign identifier

Any combination of graphics
characters

As indicated by Attrfmt. When
Attrfmt is set to "A", meaning
foreign identifier, the three
Attrval subfields following the
Attrfmt subfield contain the
the three parts of a foreign
identifier (see section 5.1.3)
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5.1.2 Spatial Address

Spatial address fields occur in many modules and are fully
defined as:

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

(-)spatial address (0)

(+)compi Component i of the spatial address

SUBFIELD SUBFIELD
NAME TYPE DOMAIN DOMAIN DESCRIPTION

(+)compi A|N Gr-chars As defined in the Spatial Address
Numeric Information field of the Internal
Spatial Reference Module

Note that the field name "spatial address" in the first table has
all lower case characters, meaning that the field name is
generic, so that a different name may be substituted in the
module description tables.

5.1.3 Foreign Identifiers

Foreign identifiers are also part of a number of module
specifications and are specified as:

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

(~)foreign id (0)

Modnam Module name of module referenced
Objrep Representation code for object referenced
Objid Identifier of object referenced
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SUBFIELD SUBFIELD

NAME T

Objid I

5.1.4 Fiel

YPE DOMAIN DOMAIN DESCRIPTION
Alphanum Name must must begin with alphabetic
character
Alpha Two characters as specified in Table

5.4.1. The domain is a subset of
these characters for a particular
module type as indicated in the
module specification.

Integer Unsigned integer. Modnam, Objid and

Objrep form unique ID within the
file set.

d And Subfield Coding

The encoding of data content by the sender, based upon the
following widely used code sets, will facilitate a more efficient
exchange of meaning. It is not the intent of this standard to
recommend the coding of all data content, but simply to employ
existing code sets where applicable.

Each document in the list is preceded by a short subject for
reference purposes only.

CODE SETS

COUNTIES

COUNTRIES

CURRENCY

DATES

Catalog of Widely Used Code Sets, FIPSPUB 19-1,
7 Jan 85

Counties, and County Equivalents of the States of the
United States and District of Columbia, FIPSPUB 6-3,
15 Dec 79

Countries, Dependencies, Areas of Special Sovereignty
and their Principal Administrative Divisions,

FIPSPUB 10-3, 9 Feb 84

Guideline for Implementation cf ANSI Codes for the
Implementation of Names of Countries, Dependencies and
Areas of Special Sovereignty, FIPSPUB 104, 19 Sep 83

Codes for Representation of Currencies and Funds,
ISO 4217, 15 Jun 78

Calendar Date, FIPSPUB 4, 1 Nov 68
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HYDROLOGIC UNITS

Codes for the Identification of Hydrologic Units in
the United States and Caribbean Outlying Areas,
FIPSPUB 103, 15 Nov 83

LOCATIONS Representation of Geographic Position Location for
Information Interchange, FIPSPUB 70, 24 Oct 80

ORGANIZATIONS

Codes for Identification of Federal and Federally
Assisted Organization, FIPSPUB 95, 23 Dec 82

PLACES Metropolitan Statistical Areas, FIPSPUB 8-5,
31 Oct 1984

Guideline: Codes for Names of Populated Places,
Primary County Divisions, Other Locational Entities in
the United States, FIPSPUB 55-1, 30 Dec 83

Power Plant Identification: Recommended Practice,
JEEE 803-1983 & IEEE 803A-1983

Standard Point Location Code (SPLC) Continental
Directory, National Motor Freight 102-E, 1 May 1984

National Zip Code and Post Office Directory,
U.S.#Postal Service Publication 65

STATES States and Outlying Areas of the United States,
FIPSPUB 5-1, 15 Jun 70

TIME Representations of Local Time of the Day for
Information Interchange, FIPSPUB 58

Representations of Universal Time, Local Time
Differentials, and United States Time Zone References
for Information Interchange, FIPSPUB 59, 1 Feb 79

5.2 Global Information

The global information modules define global parameters for

interpreting the data exchange. Table 5.2.1 summarizes the
global module types:
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Table 5.2.1 Global Module Types
MODULE TYPE

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

Security

Internal Spatial Reference
External Spatial Reference
Spatial Domain
Registration Points

5.2.1 Catalog

The Catalog module specification describes three types of
modules:

1. Catalog/Directory, containing information on the
location of modules within the exchange

2. Catalog/Cross-Reference, indicating pairwise
relationships between modules

3. cCatalog/Spatial-Domain, specifying the relationships
between modules, spatial domain, maps, map layers, and
features

The catalog defines the contents of the exchange in terms of the
included modules, specifies how to access individual modules, and
specifies relationships between modules. It also relates modules
to spatial domains. It therefore describes the physical,
logical, and spatial organization of the interchange at the
module level.

The three catalog modules are relational modules with one primary
module field per module record. Many-to-one and one-to-many
relationships are normally expressed with multiple module
records, in which the single item is repeated from record to
record. However, for the purpose of eliminating multiple
records, the following wildcard rules may be applied also

1. An entire data element may be replaced with a "x"
meaning "all"
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2. Non-contiguous substrings of a data element can be
replaced with a "*" meaning that the data element refers
to those other data elements where the explicitly
specified substrings are matched in their relative order

3. Non-contiguous characters of a data element may be
replaced with a "?" meaning that the data element refers
to those other data elements where the explicitly
specified characters match in their relative order

5.2.1.1 Catalog/Directory
This module contains information on where to locate all modules

within the exchange.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Catalog/Directory (P)

Modname A unique identifier for this Catalog/Directory
module

Name The unique value in the Modname subfield of
the module referenced

Type The exchange module primary field
name of "Name" above

Volume The volume on which a part or all of the
module is to be found

File The file on which a part or all of the
module is to be found

Record The record on which a part or all of the
module is to be found (implementation record)

Comment Any other information
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SUBFIELD
NAME

Modname

Name

Recorad

Comment

SUBFIELD
TYPE

I|A

Alphanum

Alphanum

Gr-chars

Gr-chars

Gr-chars

Integer

Gr-chars

Gr-chars

DOMAIN DESCRIPTION

—— . - - . - - G - T G W I S S G W I W I W Y R TN G G Sl — —

Name must begin with alphabetic
character

Name must begin with alphabetic
character

Must be a valid module primary
module field name

Valid volume descriptor, wild-card
characters may be used

Valid file name, wild-card
characters may be used

Unsigned integer, wild card
characters may be used.

Any combination of graphics
characters

The following example demonstrates the use of the
Catalog/Directory module (types have been abbreviated in order to
fit the table):

Modname Name Type

CDh
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD

Volume File Record Comment
CD cCat/Dir FloppyA C.DAT 1 13/6/86
CX Cat/Cross FloppyA C.DAT 2 13/6/86
CS Cat/Spatial FloppyA C.DAT 3 13/6/86
ID Identificat. FloppyA I.DAT 1 More details
IR Internal Ref FloppyA IR.DAT
ER External Ref FloppyA ER.DAT *
Pl Point-Node FloppyA P1.DAT * Points
P2 Point-Node FloppyA P2.Dat * Nodes
L1 Line FloppyA Ll.Dat * Lines
L2 Line FloppyA L2.Dat * Chains
PR Polygon-Ring FloppyA PR.Dat * Polygons
PR Polygon-Ring FloppyB PR.Dat *

CD

Notice that Modname is by

entire module.

definition the same throughout the
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5.2.1.2 Catalog/Cross-Reference

This module contains the linkages for modules in the exchange.
These linkages may be many-to-one, one-to-many or one-to-one.

For example, for global modules, the linkage may be one-to-one or
one-to-many. For the one-to-many and many-to-one linkages,
multiple module records for a given module are required.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Catalog/Cross Reference (P)

Modname A unique identifier for this
Catalog/Cross-reference module

Namel The unique value in the Modname
subfield of the module referenced

Typel The exchange module primary field
name of "Namel" above

Name2 The unique value in the Modname
subfield of the module referenced

Type2 The exchange module primary field
name of "Name2" above

Comment Any other information

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must begin with alphabetic
character

Namel A Alphanum Name must be name of a module in

the exchange

Typel A Gr-chars Must be a valid module primary
module field name

Name2 A Gr-chars Name must be name of a module in
the exchange, wildcard characters
may be used s

Type2 A Gr-chars Must be a valid module primary
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Comment A

module field name, wildcard
characters may be used

Gr-chars Any combination of graphics
characters

The following example demonstrates the use of this module:

Modname Namel Typel Name2 Type2 Comment

cX CD cat/Dir * * All modules

are cataloged

cX ER External Ref P1 Point-Node
cX ER External Ref P2 Point-Node
cX ER External Ref L1 Line

cX ER External Ref 1.2 Line

CcX ER External Ref PR Polygon-Ring

(0) 4 PR Polygon-Ring L2 Line PR pols consist

of L2 chains

5.2.1.3 catalog/Spatial-Domain

This module defines the relations between a particular module and

a spatial domain, map, or feature.

FIELD SUBFIELD FIELD/SUBFIELD

NAME NAME

DESCRIPTION

Catalog/Spatial~Domain (P)

Modname

Name

Type

Domain

Map

Feature

A unique identifier for this
Catalog/Spatial-~Domain module

The unique name of a module referenced

The exchange module field name of "Name"
above

Area of geographic coverage referenced
by this module, wildcard characters may
be used

Map coverage name of map coverage
referenced by this module, wildcard
characters may be used

Feature class or feature name referenced
by this module, wildcard characters
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may be used

Comment

SUBFIELD SUBFIELD

NAME TYPE DO%%{H--
Modname A Alphanum
Name A Alphanum
Type A Gr-chars
Domain A Gr-chars
Map A Gr-chars
Feature A Gr-chars
Comment A Gr-chars

Any other information

DOMAIN DESCRIPTION

- - - I - G- GEA e I G S = S, . G . G G G G G - - — -

Name must begin with alphabetic
character

Name must begin with an alpha
character

Must be a valid module primary
module field name

Any combination of graphics
characters

Any combination of graphics
characters

Any combination of graphics
characters

Any combination of graphics
characters

The use of this module is demonstrated with the following example
(the comment field is not shown):

Modname Name Type Domain Map Feature
cs CD cat/Direct * * *
CS Pl Point-Node Alaska null Mount Drum
cS P2 Point-Node Alaska Gulkana null
CS L1 Line Alaska null Copper River
(4] L2 Line Alaska Gulkana null
cS PR Polygon-Ring Alaska Gulkana null
cs L3 Polygon-Ring Alaska Kenai Soils
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5.2.2 Identification

The identification module(s) provide identifying information
about the content of other data modules in the exchange. All
subfields of the Identification field, except Modname, are
optional and the entire Attributes field is also optional. But
in practice most subfields will be used and will carry
alphanumeric data deemed useful or necessary by the user for
identification purposes and for the specification of global
attributes not specifically allowed for in other modules.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Identification (P)
Modname A unique name for an identification module.

Title An overall title or name applied to all
data content of the data transfer

Dataid A user-defined, usually unique to the user,
data set identifier

Domain Description
Geographic area of coverage (specified only
in text form--more precise specification is
made with the Spatial Domain module)

Datastrc a description of the internal data structure,
organization, or other properties of
the data relating only to the digital
representation rather than, and independent
of, the actual "analog" data represented.
(Examples might be "topologically-structured

vector data," "imagery," "polygon,"
"grid cell," '"network," "graphic vector
data," "point," "line," "TIN," or some

coding such as "DLG-3," "WDB-I," or "SLF"
with sender/receiver agreed upon meaning.)

Comment  Additional Comments
Feature Description(R)
Name
A feature name

Description
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Map Date (O)

Scale (0)

Mapdatl

Mapdat2

Scalel

Scale2

A feature description (synonymous

terms for "feature" as used here might
be category, product type, applications
area, theme, overlay, or layer)

A date (or start of a range) specifying
the temporal extent of the data.

A date specifying the end of the
temporal extent of the data (if null,
only Mapdatl specifies the temporal
extent)

Scale limits for valid usage

A scale denominator at which the data
may be referenced in a "paper-map" sense

A scale denominator which, when used in
conjunction with Scalel as the "start"
scale, specifies the "end" scale at
which the data may be referenced in a
"paper map" sense.

(*)Attribute Definition (T)

(*)Attribute Value (T)

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION
Modname A Alphanum Name must start with alphabetic
character
Title A Gr-chars Any combination of graphics
characters
Dataid A Gr-chars Any combination of graphics
characters
Geoarea A Gr-chars Any combination of graphics
characters
Datastrc A Gr-chars Any combination of graphics
characters
Comment A Gr-chars Any combination of graphics
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Feaclas

Mapdatl

Mapdat2

Scalel

Scale?2

A Gr-chars
A Gr-chars
A Gr-chars
I Numeric
I Numeric

5.2.3 Security

characters

Any combination of graphics
characters

FIPSPUB4 specified date (day
or month~day may be omitted)

FIPSPUB4 specified date (day
or month-day may be omitted)

A valid numeric scale denominator

A valid numeric scale denominator

The security module provides information on the security of the

data in a transmission.

Since some organizations have more

rigorous requirements for this data than do other organizations,
each organization may customize this module to their own needs.

FIELD
NAME

SUBFIELD FIELD/SUBFIELD
NAME DESCRIPTION

Security (P)

Modname A unique name for a security module

Secclass Security classification level

Control Instructions for distribution and handling
of the data

ReviewDate

Reclassification date

ReviewInst

Reclassification instructions

Comment Additional comments

(*)Attribute Definition (T)

(*)Attribute Value (T)
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SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION
Modname A Alphanum Name must start with alphabetic
character
Secclass A Gr-chars Any combination of graphics
characters
Top Secret
Secret
Confidential
Restricted
Unclassified
Control A Gr-chars User-defined combination of graphics
characters
ReviewDate A Gr-chars FIPSPUB4 specified date
ReviewInst A Gr-chars FIPSPUB4 specified date
Comment A Gr-chars Any combination of graphics
characters

5.2.4 Spatial Reference

The spatial reference in a spatial data exchange is defined
through the use of the following module records:

Internal Spatial Reference
External Spatial Reference
Spatial Domain
Registration Points

Through the use of the internal and external spatial reference
module records, any internal (to the exchange module) coordinate
system may be mathematically defined and related to geographic
coordinates. The internal spatial reference module record
provides a mechanism for the sender to explicitly define the
transformation of the internal coordinate system to a system
defined in the external spatial reference module record. If the
sender is unable to supply these parameters, the sender can
supply, via the registration point module record, an adequate
number of internal/external coordinate pairs to allow the
receiver to compute the transformation parameters. If the sender
supplies internal spatial addresses in exact correspondence with
the system defined in the external spatial reference module
record, the transformation parameters will resemble an identity
matrix and the internal/external coordinate pairs in the
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registration point module record, if provided, will be identical.

The external spatial reference module record makes explicit
reference to the General Cartographic Transformation Package
(GCTP) available from the National Ocean Service/NOAA, Rockville,
Maryland (see References section, Part I).

5.2.4.1 Internal Spatial Reference

The transformation parameters described in the internal spatial
reference module record provide for a four parameter
transformation of the horizontal component and two parameter
transformation of the vertical component. The transformation
parameters can be used to define (an optional) rotation (about
the Z axis), translation, and scaling. However, they do not
permit an affine transformation which could absorb systematic
errors. The following equations shall be used for this
transformation:

X = Alx' + A2y' + A3

Y = Aly' - A2x' + A4

Z = A5z' + A6
Where:
Al...A6 represent the ordered subfields of the transformation

parameter field

x', y', z! represent the internal reference system coordinates
X, ¥, Z represent the external reference system coordinates
FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Internal Spatial Reference (P)

Modname  Unique name for this Internal Spatial
Reference Module

Comment Free form comment subfield

Spatial Address Information (N)

Spatial Address Type
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Indicates whether horizontal component
only or both horizontal and vertical
component are present in the spatial
address

Spatial Address Series Format
Specific format for the Series Format
construction of a series of internal
spatial addresses

Horizontal Component Format

Specific format of the horizontal
components of the spatial address

Vertical Component Format

Specific format of the horizontal
components of the spatial address

Transformation Parameters (N)

Parameterl

Horizontal scaling and rotation
Parameter2

Horizontal scaling and rotation
Parameter3

Horizontal origin
Parameter4

Horizontal origin
Parameter5

Vertical scale factor
Parameteré

Vertical origin
Estimate of Positional Accuracy (N)

See Part III, Positional Accuracy,
section 5.2
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Horizontal Accuracy Component

Horizontal spatial address component
of positional accuracy estimate

Vertical Accuracy Component

Vertical spatial address component
of positional accuracy estimate

Coordinate Resolution (N)
Least count of H/V coordinate
Horizontal Resolution Component

Horizontal component of coordinate
resolution

Vertical Resoltuion Component

Vertical component of coordinate

resolution
SUBFIELD SUBFIELD
NAME TYPE DOMAIN DOMAIN DESCRIPTION
Modname A Alphanum Name must start with an alphabetic
character
Comment A Gr-chars Any combination of graphics
characters

Spatial Address Type
A 2-TUPLE Horizontal component only

3-TUPLE Horizontal component and a
vertical component

Spatial Address Series Format

A ABSOLUTE All spatial addresses are alike and
are referenced to the same origin

REILATIVE The first spatial address in the
series is "absolute;" however each
following address in the series is
referenced to the preceding address

Horizontal Component Format
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Gr-chars

OwnhoH

Vertical Component Format

A

Parameterl

Parameter?2

Parameteré6

Gr-chars

QOB0nHH

Real

Horizontal Component

A

Vertical Component

A

Alphanum

Alphanum

Graphic characters
Implicit~-point integer
Explicit-point unscaled
Explicit-point scaled
Bitfield data

Character mode bitfield
data

Graphic characters
Implicit-point integer
Explicit-point unscaled
Explicit-point scaled
Bitfield data

Character mode bitfield
data

Any real number

As defined in terms of Horizontal
Units of the Horizontal Reference
field of the External Spatial
Reference module

As defined in terms of Vertical
Units of the Vertical Reference
field of the External Spatial
Reference module
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GCTP projection system code
Zone Number

GCTP UTM/State Plane zone number

Horizontal Units
GCTP units of measure code
Parameterl

Refer to GCTP documentation for definition
of this and the following parameters
(see References section of Part I)

Parameter2

Parameterl3

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION
Modname A Alphanum Name must start with an alphabetic
character

Reference Documentation

A GCTP General Cartographic Transformation
Package
Gr-chars Any combination of graphics
characters
Reference System Name
A Gr-chars Any combination of graphics
characters
Vertical Units
A Gr-chars Any combination of graphics
characters
Vertical Reference
A MSL Mean Sea Level; all elevations in

the data set are referenced to the
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5.2.4.2 External Spatial Reference

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

External Spatial Reference (P)

Modname Specific name for this
external spatial reference module

Reference Documentation

Reference in which the external
system used is documented.

Reference System Name

Full descriptive name of the external
system used

Vertical Units

Units of measure of third component
of the spatial addresses

Vertical Reference
Reference surface for the third
component of the internal spatial
addresses

Sounding Datum
Reference datum for the third
component of the internal spatial
addresses (for hydrographic depths
only)

Conmment Free form comment subfield

Horizontal Reference (N)
Horizontal Datum

Geodetic datum to which the internal
spatial addresses have been referenced

Projection Code
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Sounding Datum

A

Comment A

Horizontal Datum

A

GEODETIC

MHW

MHWN
MHWS
MHHW
MLW

MLWN
MLWS
MLLW

Gr-chars

ADI
ARF
AUA
BUR
CAZ
CAI
CHU
COA
BAT
EUR
GSE
GSF
GEO
GHA
GUA
HEN
HJO
HTN
IND
IRE

LIB
LoC
LUZ
MER
MOL
NIG
NAS
NAX
OHA
OGB

GEOID of the specified datum

All elevations are referenced to the
ellipsoid of the specified datum

Mean High Water

Mean High Water Neaps
Mean High Water Springs
Mean Higher High Water
Mean Low Water

Mean Low Water Neaps
Mean Low Water Springs
Mean Lower Low Water

Any combination of graphics
characters

Adindan

Arc 1950
Australian Geodetic
Bukit Rimpah

Camp Area Astro.
Campo Inchauspe
Chua Astro

Corrego Alegre
Djakarta

European 50

G. Segara

G. Serindung
Geodetic 1949
Ghana

Guam 1963

Herat North
Hjorsey
Hu-tzu-shan

Indian

Ireland 1965
Kertau

Liberia 1964

Local Astro.

Luzon

Merchich

Montjong Lowe
Nigeria

North American 1927
North American 1983
0l1d Hawaiian
Ordnance Survey of Great Britain
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PRP Provisional South American 1956

QuUo Qornoq

SIB Sierra Leone 1960

TAN Tananarive Obsv. 1925

TIL Timbalai

TOK Tokyo

VoIl Voirol

WGA World Geodetic System 1960
WGB World Geodetic System 1966
WGC World Geodetic System 1972
WGE World Geodetic System 1984
YAC Yacare

HER Hermannskogel

ENB European 79

GDA German

Gr-chars Any other geodetic datum

Projection Code

I Numeric see GCTP documentation Appendix A
(for complete reference see Part I:
References)

Zone Number

I Numeric see GCTP documentation Appendix B
Units Code

I Numeric see GCTP documentation Appendix C
Parameterl

R Real see GCTP documentation Appendix D
Parameter2
Paraﬁeter13

5.2.5 Spatial Domain

The Spatial Domain module specifies a geographic areal domain
within which the spatial addresses of other modules are
contained. Two basic methods of specifying this coverage are
allowed for in this module:
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(1)

(2)

(a)

(b)

by specifying a spatial address with all minimum value
components and a spatial address with all maximum value
components (in most cases, the southwest (or lower left)

and northeast (or upper right) corners of a coverage

rectangle); and/or

by a series of spatial addresses describing a ring
delineating the area.

Further, two types of spatial addresses may be used:

"internal" spatial addresses as fully defined by

parameters of the Internal Spatial Reference module;

"external" spatial addresses as fully defined by

parameters of the External Spatial Reference module.

Note that any number of Spatial Domain modules may be used to
specify spatial domain for the same set of data (if more than
way of specifying spatial domain is desired).

FIELD
NAME

SUBFIELD FIELD/SUBFIELD
NAME DESCRIPTION

Spatial Domain (P)

Modname Unique name for this Spatial Domain
module

Spatial Domain Type

Method of specifying the domain
spatial addresses

Domain Spatial Address Type

System employed to specify the
domain spatial addresses

Domain Spatial Address Series Format

Indicates how series of spatial
addresses are constructed

Comment Free form comment subfield

(=) Domain Spatial Address
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SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION
Modname A Alphanum Name must start with an alphabetic
character

Spatial Domain Type

A MINMAX Spatial domain is specified by two
spatial addresses. The first
containing the minimum value
associated with each component;
the second containing the maximum
value associated with each
component

RING Spatial domain is specified by a
series of spatial addresses forming
a ring boundary
Domain Spatial Address Type

A INTERNAL Internal spatial addresses are
used

EXTERNAL Spatial addresses are in the form
defined in the external spatial
reference module

Domain Spatial Address Series Format

A ABSOLUTE All spatial series addresses are
constructed alike

RELATIVE First spatial address is absolute,
others are referenced to the
preceding point

Comment A Gr-chars Any combination of graphics
characters

5.2.6 Registration Point

Registration points may be used as a method of relating the

internal spatial referencing system to the external spatial
referencing system.
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FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Registration Point (P)

Modname Unique name for this Registration
Point module

Comment Free form comment subfield
(-) External Reference Spatial Address (0O/A)

(-) Internal Reference Spatial Address (O/A)

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must start with an alphabetic
character

Comment A Gr-chars Any combination of graphic
characters

5.3 Data Quality Modules

The Data Quality group is composed of the following modules:
Lineage, Positional Accuracy, Attribute Accuracy, Logical
Consistency, and Completeness. The contents for these modules
are specified in Part III of this document.

Information on data quality can be carried at different levels of
aggregation. Thus, information on quality can refer to a domain,
map, coverage, or an individual cartographic object. The Catalog
can be used to make reference to the level of specificity of the
information on quality. This could be done through the use of
Catalog/Directory data fields: Volume, File, Record; or the
Catalog/Spatial-Domain module data fields: Domain, Layer, Map,
and Feature. There is also the provision for a data quality
overlay relationship where a separate data layer provides the
geometric and attribute information which applies to another data
layer.

At the present time, all data quality modules in a data exchange
are required to include at least a statement to the effect that
no data quality description is available at the time of data

preparation if such a statement reflects the status of the data.
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5.3.1 Lineage

The Lineage module transfers the information described in Part
III, Section 5.1. This module may contain elaboration of the
. information also coded in Part II, Section 5.2.2:
Identification. However, the transformation details must be
transferred in the Spatial Reference Modules (see part II,
Section 5.2.4).

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Lineage (P)
Modname A unique module name for a Lineage module
Comment (N) Any comments
(*)Attribute Definition (T)
(*)Attribute Value (T)

Attributes or comments as determined by
the supplier organization in accordance
with the Data Quality Standard in

Part III
(*)Foreign ID (R) Reference to a specific module record
SUBFIELD SUBFIELD
NAME TYPE DOMAIN DOMAIN DESCRIPTION
Modname A Alphanum Name must start with alphabetic
character
Comment A Gr-chars Any combination of graphics
characters
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5.3.2 Positional Accuracy

The Positional Accuracy module transfers the description of
testing procedures and related details specified in Part III,
Section 5.2. The estimates of positional accuracy obtained from

the tests must be transferred using the Spatial Reference Modules
(see Part II, Section 5.2.4).

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Positional Accuracy (P)

Modname A unique module name for a Positional
Accuracy module

Comment (N) Any comments

(*)Attribute Definition (T)

(*)Attribute Value (T)
Attributes or comments as determined by
the supplier organization in accordance
with the Data Quality Standard in
Part III

(~)Foreign ID (O) Reference to a specific module record

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must start with alphabetic
character

Comment A Gr-chars Any combination of graphics
characters
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5.3.3 Attribute Accuracy

The Attribute Accuracy module transfers all information required
by Part III, Section 5.3

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Attribute Accuracy (P)

Modname A unique module name for an Attribute
Accuracy module

Comment Any comments
(*)Attribute Definition (T)
(*)Attribute Value (T)
Attributes or comments as determined by

the supplier organization in accordance
with the Data Quality Standard in

Part III
(~)Foreign ID (O) Reference to a specific module record
SUBFIELD SUBFIELD
NAME TYPE DOMAIN DOMAIN DESCRIPTION
Modname A Alphanum Name must start with alphabetic
character
Comment A Any combination of graphics
characters
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5.3.4 Logical Consistency

The Logical Consistency Module transfers all information required
by Part III, Section 5.4

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Logical Consistency (P)

Modname A unique module name for a Logical
Consistency module

Comment Any comments

(*)Attribute Definition (T)

(*)Attribute Value (T)
Attributes or comments as determined by
the supplier organization in accordance
with the Data Quality Standard in
Part III

(~)Foreign ID (O) Reference to a specific module record

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must start with alphabetic’
character

Comment A Gr-chars Any combination of graphics
characters

55




5.3.5 Completeness

The Completeness Module transfers all information required by
Part III, Section 5.5.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Completeness (P)

Modname A unique module name for a Completeness
module

Comment ‘ Any comments

(*)Attribute Definition (T)

(*)Attribute Value (T)
Attributes or comments as determined by
the supplier organization in accordance
with the Data Quality Standard in
Part III

(~) Foreign ID (O) Reference to a specific module record

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must start with alphabetic
character

Comment A Gr-chars Any combination of graphics
characters
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5.4 Object Form

The Object Form consists of modules defining global information,
data quality and cartographic objects for vector-based objects.

The Global Information modules and the Data Quality modules have
been specified in Sections 5.2 and 5.3, respectively. Required
global modules are: Internal and External Spatial Reference,
Lineage and Positional Accuracy. Recommended modules are:
Catalog/Directory, Catalog/Cross- Reference,
Catalog/Spatial-Domain, Identification, Internal Spatial
Reference, External Spatial Reference, Spatial Domain,; and
Registration Points.

The objects have been grouped into their corresponding modules
according to the similarity in data fields required to represent
the object.

The modules that implement the vector-based cartographic objects
are the following: Point-Node, Line, Polygon-Ring, Arc,
Composite, and Attribute Description.

As more than one object can be stored in each type of module, the
type of object represented is expressed through an object
representation code. Table 5.4.1 summarizes the assignment of
vector-based objects to modules, and lists the object
representation code for each.
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Table 5.4.1 Modules and Vector-Based Object Representations

Module Type Object Representation Representation Code
Point-Node Point PX
Feature Point PG
Label Point PT
Area Point PA
Node PN
Line String Ls
Link Lo
Directed Link LB
Chain Lu
Point cChain LE
Area Chain LL
Network Chain w
Composite Line LC
Polygon-Ring Polygon represented using RP
line module(s)
Polygon represented using RR
ring(s)
Polygon represented using RC
spatial addresses
Ring represented using RD
line module(s)
Ring represented using RV

spatial addresses

Arc
Circular arc AC
Elliptical arc AE
Parabolic arc AP
Hyperbolic arc AH
Linear CL
Quadratic CQ
Cubic cu
Wilson-Fowler Ccw
Modified Wilson-Fowler CM
B-Spline CB
Curve line CI
Curve circular arc ccC
Curve elliptical arc CE
Curve parabolic arc CP
Curve hyperbolic arc CH
Composite Complex FF
Attribute Same as object to which
Description attribute pertains
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5.4.1 Point-Node

The Point-Node module shall be used to exchange points of the
following type: generic point, feature point, label point, area
point, and node.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

-—— e e - - - — - - .- -—— - - - — - - W - - - W WD W WD WD D D WD T W e W G - — - ——

Point-Node (P)
Modname A unique identifier for the module
Objrep Representation code for the object
Objid Object identifier

(-)Spatial Address (N)

Spatial address of point
(single spatial address)

(*)Attribute Definition (T)

(*)Attribute Value (T)

(~)LineID (O) Contains foreign ID of line associated
with the node

(~)ArealID (O) Contains foreign ID of area associated
with the node

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must start with alphabetic
character

Objrep A Alpha Two characters as specified in
Table 5.4.1 under Representation
code

Objid I Integer Unsigned integer. With Modnam and

Objrep must form unique ID within
the file set
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5.4.2 Line

The Line module shall be used to interchange cartographic objects
of the following type: string, link, directed link, chain, point
chain, area chain, network chain, and complex line.

When the object type is that of a complex line (LC), the Foreign
ID field is used instead of the Spatial Address field. The
Foreign ID then refers to records in other Line or Arc modules.
This allows for the exchange of a line entirely composed of arcs,
or a line made up of a mixture of arcs and lines. The Foreign ID
and Spatial Address fields are both listed in the module
description table, but only one shall be used for a given unique
module implementation according to the rules for optional fields
of Section 4.1.3.2.6. This section states that fields can be
omitted given that the remaining fields can be identified
properly in the decoding process. This is certainly the case in
this instance, because the type of field used can be determined
from the Representation Code of Table 5.4.1 (Foreign ID is used
for code LC; spatial addresses are used for all other objects
used to represent arcs.)

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION
Line (P)

Modname A unique identifier for the module
Objrep Representation code for the object
Objid Object identifier

(*)Attribute Definition (T)

(*)Attribute Value (T)

(~)PolygonID Left (N)

Foreign ID of left Polygon-Ring module
record

(~)PolygonID Right (N)

Foreign ID of right Polygon-Ring module
record

(~)Startnode ID (N)

Foreign ID of start node Point module
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record

(~)Endnode ID (N)
Foreign ID of end node Point module
record

(~)Foreign ID (O)
Foreign ID of module record of other
Arc or Line module

(-)Spatial Address (O)

Spatial address of line point

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must start with alphabetic
character

Objrep A Alpha Two characters as specified in Table

5.4.1 under Representation Code

Objid I Integer Unsigned integer. With Modname and
Objrep must form unique ID within
the file set

5.4.3 Polygon-Ring

The Polygon-Ring module shall be used to exchange simple or
complex polygons. A simple polygon consists of a single ring,
whereas complex polygons consists of one outer ring and one or
more inner rings.

The module can be used in two main modes relating to complex
polygons. In the first mode, the rings are stored in one module
and the complex polygons in another, where the polygons then
refer to the rings through foreign identifiers. In the second
mode, the complex polygons are stored in a single module, one
polygon per module record. Rings can be stored directly in the
module record in the form of lists of spatial addresses or the
module record can store lists of foreign identifiers. The
foreign identifiers can therefore refer to various types of line
modules (through the line foreign ID) or refer to other polygon
modules with single rings (through the ring foreign ID); hence,
there is a capability to define polygons in terms of strings,
links, chains, coordinate lists, or other rings (see

Table 5.4.1).
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The Polygon~Ring module contains two different field groups:
attributes, with the Attribute Definition and Attribute Value
fields, and polygons (or rings) with either the Spatial Address
field or the Foreign ID field. Each polygon may consist of a
number of rings , and each ring may contain a number of chains,
and hence, each polygon with its rings and chains constitutes a
field group. As both field groups are listed in sequence, and
the fields are marked with asterisks, one must keep in mind that
these are two different fields groups: attributes and polygons.

The module composition table lists the two fields of Spatial
Address and Foreign ID, but only one shall be used for a given
unique module implementation, according to the rules for optional
fields of Section 4.1.3.2.6. This section states that fields can
be omitted given that the remaining fields can be properly
identified in the decoding process. This is certainly the case
in this instance, because the type of field used can be
determined from the Representation Code of Table 5.4.1 (spatial
address for codes RC and RV, Foreign ID's for all other
polygon-ring codes).

The structural composition of a polygon-ring module record can be
expressed as follows (the following represents only an overview
of the complete structure of the entire module record):

<polygon-ring module record> ::=
<polygon-ring primary field>
<attributes field group>
<polygon>|<ring>
<polygon> ::= {<[> <ring> <]>)
<ring>::= <ring foreign ID> |
{<line foreign ID>)} |
{<spatial address>)

where the "{}"brackets indicate repetition, and "|" means
exclusive or; the choice between <spatial address> and <line
foreign ID> must be consistent throughout the entire module (no
mixing allowed), and similarly the choice between defining
polygons in terms of <ring foreign ID> referring to rings in
other modules, or by defining the rings in the same record, shall
be consistent throughout the entire module.

In the above BNF the nonterminal brackets <[> and <]> are
entirely symbolic and have been inserted so that production
substitution will produce a sentence that is symbolically
representative of the tree structure being portrayed. In this
sentence, the <[> <]> brackets delimit the rings. In practice,
an implementation is reponsible for identifying the individual
rings.
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A tree structure is present when the rings of a polygon are
expressed in either line foreign identifiers or spatial
addresses. This tree structure is rooted in the Polygon-Ring
primary field. An implementation is responsble for adequately
representing this tree structure.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Polygon-Ring (P)
Modname A unique identifier for the module
Objrep Representation code for the object
Objid Object identifier

(*)Attribute Definition (T)

(*)Attribute Value (T)

(*) (-)Spatial Address(T)

Spatial address of ring points
(*) (*)Line Foreign ID (T)

Foreign identifier of Line module record for
line object as part of the ring

(~)Ring Foreign ID (O)

Foreign identifier of Polygon-Ring module
record for ring as part of a complex polygon

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must start with alphabetic
character

Objrep A Alpha Two characters as specified in Table

5.4.1 under Representation Code
objid I Integer Unsigned integer; with Modname and

Objrep must form unique ID within
the file set
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5.4.4 Arc

A considerable portion of this section is based on the respective
ARC and CURVE discussion in the Initial Graphics Exchange
Specification (IGES) version 3.0 (see the References section,
Part I).

An Arc Module can be used to transfer lines that use an analytic
or parametric specification for the radius of local curvature of
the cartographic line object. An Arc module is used to transfer
the geometry of the line. If topology is required, then a line
module with a topological oriented object representation such as
a chain must be used to reference the appropriate Arc module
record.

An Arc module can be used to transfer:
Circular arc
Conic arc: ellipse, hyperbola, parabola

Parametric spline curve: 1linear, quadratic, cubic,
Wilson-Fowler, Modified Wilson-Fowler,
B-Spline

Rational b-spline: 1line, circular arc, elliptical arc,
parabolic arc, hyperbolic arc

The difference between curves and arcs is in the number of
parameters required to describe the objects. The curves require
several more parameters than do the arcs; hence, more fields and
subfields are required. The circular and conic arcs can be
transferred as parametric spline curves if private parties do not
agree on the analytic form of their respective equations.

The arcs can be transferred as rational B-spline curves when the
analytical default equations are not appropriate. The analytical
arcs have a predetermined number of parameters as given by a set
of equations which make their description more succinct. The
curves do not have a predetermined character and, thus, do not
have a predetermined number of parameters, but are instead based
on a number of points/segments for definition.

Spatial addresses shall be defined using orthogonal, planar
coordinate systems only.

The "Attribute Field Group" can be used to specify additional

parameters in addition to the basic set of parameters for each of
the arcs and curves.
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FIELD SUBFIELD

NAME NAME

Arc (P)
Modname
Objrep
Objid

(-)Start Address
(-)End Address

(=) Center Address

Direction (N)
curvegen (O/A)

CG (i)

FIELD/SUBFIELD
DESCRIPTION

A unique identifier for the module
Representation code for the object

Object identifier

Spatial address of the start point of arc
Spatial address of the end point of the arc

Spatial address of the center point of the
arc

Direction from Start Address to End Address
Anchor point(s) for curve generation
Integer ID's to correspond with the points

in the sequence in which they appear in
the curve as anchor points

(*)Attribute Definition (T)

(*)Attribute Value (T)

Conic arc (N)

A

T BH O O W

Curveparm (N)

Degree

Planar

Conic coefficient
Conic coefficient
Conic coefficient
Conic coefficient
Conic coefficient

Conic coefficient

Degree of continuity if parametric spline
Degree of basis functions if rational
B-spline

Planar or non-planar property of the
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curve/arc
Closure The closure property of the curve/arc

Splinetyp The type of spline indicating the type
of weights on the coefficients. Rational
has unequal weights. Polynomial has
equal weights

Period The periodic property with respect to the
parametric variable

Numseg The number of segments for defining the
curve

Points The number of points (upper index) in the

numerator of the summation of the basis
function. See Appendix D, page 472 of IGES
version 3.0, April 1986, for more detail

Knot Sequence (0/B) Knot sequence parameters are used for
rational B-splines

T(1i) Knot sequence parameter of knot sequence.
Instances of this field represent a
parameter T(i) where i ranges from the
value of "Degree" to the value of

"Points-Degree+1"
Weight (0/B) Weights are used for rational B-splines
W(i) Weight of knot T(i). Field has as many
instances as Knot Sequence defined above
Parameter (O) Used for rational B-splines
V(i) Parameter value. Field has as many instances

as Knot Sequence defined above
(-)Normal spatial address

Used for rational B-splines
X coordinate of unit normal if curve is

planar
Y coordinate of unit normal if curve is
planar
Z coordinate of unit normal if curve is
planar
Breakpoint (0) Breakpoints are used for parametric splines
B(1) Breakpoint of piecewise polynomial. Each
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instance of this field represents a breakpoint
B(i) where i ranges from 1 to Numseg,
and Numseg represents the number of segments

(-)Spatial Address (O/A)

Spatial address for control points on curve.
Used for rational B-splines and parametric
splines

Coefficient matrix dimension (N)

Icoeff

Jxyz

Kpoint

The number of coefficients per x,y,and z
component of the spatial address

The number of components in the spatial
address

The number of points to be represented

Coefficient Matrix(O)

C(i)

Derivative matrix dimension (N)

Kderiv

Jxyzval

Isegments The number of segments to be represented

Derivative matrix (O)

List containing the elements of an

Icoeff x Jxyz X Kpoint coefficient matrix,

stored as a one-dimensional vector with

length Icoeff*Jxyz*Kpoint ‘

Coefficient in the above list. Coefficients
are arranged such that each element of the
list corresponds to an element of the
three~-dimensional matrix c(p,q,r) (where

P, 49, and r correspond to the Icoeff, Jxyz,
and Kpoint dimensions) such that p ,q and. r
vary from most frequently to least frequently
when traversing the list for increasing i

The number of derivatives per x,y, and z
component of the spatial address

The number of components in the spatial

address plus one for the value of the
address component

List containing the elements of an
Kderiv x Jxyzval x Isegments matrix, stored
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as a one-dimensional vector with length
Kderiv*JIxyzval*Isegments. For each of
Isegments contains an evaluation of the
polynomial and their derivatives at the
parameter value u = t(Numseg+l) at the
terminant point (see page 134 of IGES
version 3.0 for more details)

D(1i) Coefficient in the above list. Coefficients
are arranged such that each element of the
list corresponds to an element of the
three-dimensional matrix c(p,q,r) (where
p, d, and r correspond to the Icoeff, JIxyz,
and Kpoint dimensions) such that p ,q, and r
vary from most frequently to least frequently
when traversing the list for increasing i.
c(1,1,r) contains X, c¢(1,2,r) contains Y,
and c(1,3,r) contains Z for segment r.
c(p,d,r) represents the p-1 th derivative
with respect to gth component of the
spatial address, divided by p-1 factorial

SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION
Modname A Alphanum Name must start with alphabetic
character
Objrep A AC circular arc
AE elliptical arc
AP parabolic arc
AH hyperbolic arc
CL linear
CcQ quadratic
CU cubic
CW Wilson-Fowler
CM Modified Wilson-Fowler
CB B-Spline
CI curve line
ccC curve circular arc
CE curve elliptical arc
CP curve parabolic arc
CH curve hyperbolic arc
Objid I Integer Unsigned integer. With Modname

and Objrep must form a unique
ID within the file set

Direction A cc Counter-clockwise as if clock is
face up laying on a table
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CG (1)

H M O QO W P

Degree

Planar

Closure

Splinetyp

Period

Numseg
Points
T(i)
W(i)
V(i)
B(1i)
Icoeff

Jxyz

Kpoint

AN
AN
A|N
AN
AN

A|N

R|S
R|S
R|S

R|S

CwW
Integer
Alphanum
Alphanum
Alphanum
Alphanum
Alphanum

Alphanum

Integer

wN

2w Wi 0o

Integer
Integer
Real
Real
Real
Real
Integer

2
3

Integer
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Clockwise

Positive integer

Any
Any
Any
Any
Any

Any

alphanumeric
alphanumeric
alphanumeric
alphanumeric
alphanumeric

alphanumeric

Values depend on
using continuity
function

Planar
non-planar

open curve

clos

ed curve

rational
polynomial

Periodic
Non-periodic

Positive integer

Positive integer

Real
Real
Real

Real

number
number
number

number

specification
specification
specification
specification
specification
specification

interpretation
or basis

Any number of coefficients

When xy is used
When xyz is used

Any number of points




Cc(i) R|S Real Real number

Isegments I Integer Number of points - 1 when
segments are used
Ixyzval I 3 When coordinate pair xy used 2 + 1.
4 When coordinate triple xyz used
3+ 1
Kderiv I Integer Any number of derivatives
D(1i) R|S Real Real number

5.4.5 Composite

The Composite module is used to transfer compound and complex
objects (see Part I, section 1.4). It serves to transfer
user-defined composite data in ways that could not be
accomplished with the Point-Node, Line, Polygon-Ring, and Arc
Modules. Cartographic objects are grouped to make a more complex
cartographic object; therefore, composite instances do not carry
any coordinate data within the composite record. This capability
also provides for the attribute data to be defined only once, by
referencing several other objects that have coordinates but no
attributes.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Composite (P)
Modname A unique identifier for the module
Objrep Representation code for the grid
Objid Object identifier

(*)Attribute Definition (T)

(*)Attribute Value (T)

Foreign ID (O) Foreign identifier of module record for object
that is a part of this feature
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SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must start with alphabetic
character

Objrep A Alpha Two characters as specified in Table

5.4.1 under Representation Code
Objid I Integer Unsigned integer; with Modname and
Objrep must form unique ID within
the file set
5.4.6 Attribute Description
This module is to be used in conjunction with the attributes that
can be attached to each cartographic object. Its primary use is
to describe secondary and other related attributes that do not
vary from object to object. Linkages between attributes stored

in these module records and attributes attached to the objects
can be made as described in Section 4.1.3.3.7.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Attribute Description (P)
Modname A unique name for the module
Objrep Object representation code
Objid Identifier for module record

(*)Attribute Definition (T)

(*)Attribute Value (T)

Secondary and related attributes
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SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION

Modname A Alphanum Name must start with alphabetic
character

Objrep A Alpha Two characters as specified in Table

5.4.1 for object to which these
attributes refer (if applicable)

Objid I Integer Unsigned integer. With Modname and

Objrep must form unique ID within
the file set
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5.5 Relational Form

The Relational exchange form is based on the relational model, in
which all data are expressed in the form of "flat files," or
two-way tables. This exchange form is particularly well suited
for exchange involving relational database management systems.

The modules in the relational form all have a single field
consisting of multiple subfields. Each module record contains
only this single field. The subfields of this field and the
subfield names correspond to the attributes or columns of the
relational tuples or rows.

5.5.1 General Specification For Relational Modules

The following sections contain general specifications pertaining
to all relational modules and the way in which these modules
shall be used.

5.5.1.1 Relational Schema

A schema module has been included that must be used when the
encoding method does not have a data descriptive facility.
However, the schema module can be used to good advantage even
when such a facility is present. For instance, the schema module
contains the object representation code of the objects encoded
with relational modules. When the schema module is used, the
schema and data modules must occur in pairs, and the association
between the members of a pair can be expressed through the
Catalog/Cross-Reference module.

5.5.1.2 Relational Elements

The relational modules are based on a topological model in which
the basic elements are: the polygon, ring, chain, node, point,
and spatial address. The relational modules specify the
relationships between these basic elements, for instance, the
rings forming a polygon, or the chains forming a ring.

5.5.1.3 Relational Modules

The following modules constitute the relational exchange form:
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MODULE TYPE

Schema
Composite/Element
Polygon/Ring
Polygon/Chain
Polygon/Point
Polygon/address
Ring/Chain
Ring/Point
Ring/address
Chain Topology
Chain/Point
Chain/address
Node/Chain
Node/Point
Node/address
Point/address
Attribute-Primary
Attribute-Secondary

Subsets of the above modules can be used as needed. For instance
to avoid redundant specification of coordinates, chains can be
defined in terms of points, where points can be shared between
chains. However, to produce an output map, a relational join
between the Chain/Point and Point/address relations is needed, so
that it may be easier to transfer a Chain/address module instead.

5.5.1.4 Spatial Object Representations

The relational exchange form can accommodate most of the object
representations of Table 5.4.1, by designation of content and by
omission of subfields as summarized in the following table. Arc,
Grid and Raster modules are not handled in the relational
exchange form.
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Relational Modules and Object Representations

Object

Representation Code Relational Module Combinations

Point PX Point/address, Primary-Attribute,
Secondary Attribute

Feature Point PG Point/address, Primary-Attribute,
Secondary Attribute

Label Point PT Point/address, Primary-Attribute,
Secondary Attribute

Area Point PA Point/address, Polygon/Point,
Primary-Attribute, Secondary Attribute

Node PN Node/point, Node/Chain or

Node/address, Node/Chain

Primary-Attribute, Secondary Attribute
String Ls Chain/address or

Chain/Point, Point/address or

Point/address

Primary-Attribute, Secondary Attribute
Link Lo Chain/address

Chain/Point, Point/address or

Point/address

Primary-Attribute, Secondary Attribute
Directed Link LB Chain/address, Chain Topology or

Chain/Point, Chain Topology, Point/address

Primary-Attribute, Secondary Attribute
Chain iU Chain/address, (Chain Topology) or

Chain/Point, Point/address,

(Chain Topology) Primary-Attribute,

Secondary Attribute
Point Chain LE Chain/address, Chain Topology

(omit node subfields) or

Chain/Point, Chain Topology, Point/address

Primary-Attribute, Secondary Attribute
Area Chain LL Chain/address, Chain Topology or

Chain/Point, Chain Topology, Point/address

Primary-Attribute, Secondary Attribute
Network Chain iw Chain/address, Chain Topology (omit left

and right subfields) or Chain/Point,

Chain Topology, Point/address

Primary-Attribute, Secondary Attribute
Polygons with RP Polygon/Chain

line modules Primary-Attribute, Secondary Attribute
Polygons with RR Polygon/Ring

rings Primary-Attribute, Secondary Attribute
Polygons with RC Polygon/address

coordinate lists Primary-Attribute, Secondary Attribute
Ring with RD Ring/Chain

line modules Primary-Attribute, Secondary Attribute
Ring with RV Ring/address

coordinate lists Primary-Attribute, Secondary Attribute
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Composite FF Feature/element
Primary-Attribute, Secondary Attrlbute

5.5.1.5 Generic Module Specifications

The relational modules are for the most part of the form:
typel/type2 or type/address, where typel is a relational element
type such as a polygon, chain or ring, and type2 is another
element type, not the same as the first type. The address in
type/address is a spatial address as specified by the Spatial
Address Information field in the Internal Spatial Reference
module. Relational modules of the above type are specified as
generic modules, using a name substitution table to indicate the
appropriate field names and subfield names for each combination.

Four relational modules do not fall in the above category:
Schema, Chain Topology, Attribute-~Primary, and Attributes-
Secondary. These modules are specified directly.

5.5.1.6 Foreign Identifiers

In the relational form, cross-references between elements are
also made through unique identifiers for each element. 1In
contrast to the Object Form, these are all contained in one
subfield in order to facilitate relational operations. The
identifier may either be a unique integer in the entire file set
or it may be unique within a module. If the identifier is not
unique within a file set, then the Catalog/Cross-Reference module
shall have appropriate cross-reference entries indicating the
names of the modules where the referenced element is to be found.

In pure relational terminology a foreign identifier would be
referred to as a foreign key, however to maintain consistent
terminology between the Object and Relational exchange forms this
term will not be used.

5.5.1.7 Module Names

In the relational form, the module name of a module is not
encoded within the module record itself (with the exception of
the schema module). Thus, unnecessary excessive repetitions of
the module name are avoided. Module name and type are encoded
instead in the schema module that must preceed the the data
module.
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5.5.2

Schema

This module provides information about the exact composition of

the relational module.

It defines the included subfields for

each module as well as the following characteristics of each
format, unit, object representation, and maximum
length of the subfield.

subfield:

FIELD
NAME

Schema (P)

SUBFIELD
NAME

Modname

Name

Type

Objrep

Subfield

Format

SUBFIELD
NAME

Modname
Name
Type
Objrep
Subfield
Format
Unit

SUBFIELD
TYPE

A

A

A

FIELD/SUBFIELD
DESCRIPTION

Schema module nane

Relational module name

Relational module type

Object representation of relational module

Subfield name of relational module subfield

Format of subfield in relational module

Measurement unit of subfield in relational

module

Alphanum

Alphanum

Gr-chars

Alpha

Gr-chars

DOMAIN DESCRIPTION

Name must start with alphabetic
character

Name must begin with alphabetic
and be module name of relational
module

Must be a valid module primary field
name

Two characters as specified in
Table 5.7.1

Subfield name as in the relational
module attribute relations. In the
latter case must be <= 8 characters,
and begin with Alpha character

Implicit-point (integer)
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R Explicit-point unscaled

s Explicit-point scaled

B Bitfield data

c Character mode bitfield

A Graphics characters.
The selected character must be one of
the characters indicated as formats
for the subfield in the relational
module descriptions with the
exception of user defined attribute
modules

Unit A Gr-chars Any combination of graphics

characters. Any recognizable
measurement unit or abbreviation
for measurement unit

5.5.3 Typel/Type2

This is a generic module specification. The field name and
subfield names in the module composition and subfield description
tables are generic and shall be replaced by the names provided
for each specific module name in the name substitution table,
which is the third table in this section.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

- - .- - - - - - - . - - — - — - —— - ———— - —— - — - - — ———— - — - - -

typel/type2 (P)
typelid Identifier for Typel element

type2id Identifier for Type2 element

SUBFIELD SUBFIELD
NAME TYPE DOMAIN DOMAIN DESCRIPTION

typelid A|I Alphanum Unique ID for element of typel in
Integer the file set if no other relational
data modules are cross-referenced in
the Catalog/Cross-Reference module.
Otherwise unique within the
cross~referenced modules

type2id A|I Alphanum Unique ID for element of type2 in the
Integer file set if no other relational data
modules are cross-referenced in the
Catalog/Cross—-Reference module.
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Otherwise unique within the
cross-referenced modules

Field and subfield name substitution table

Primary field name First subfield Second subfield

(typel/type2) (typelid) (type2id)
Composite/Element Cmpid Elmid
Polygon/Ring pPolid Rngid
Polygon/Chain Polid Chnid
Polygon/Point Polid Pntid
Ring/Chain Rngid Chnid
Ring/Point Rngid Pntid
Chain/Point Chnid Pntid
Node/Chain Nodid Chnid
Node/Point Nodid Pntid

5.5.4 Type/Address

This is the second generic module specification. The field name
and subfield names in the module composition and subfield
description tables are generic and are to be replaced by the
names provided for each specific module name in the name
substitution table, which is the third table in this section.

This generic type module relates a relational element to its
spatial address as specified in the Spatial Address Information
field of the Internal Spatial Reference module. Between types of
spatial addresses, the number of subfields for the address will
vary, and even within a type of address the number of subfields
may be different, depending on the application (e.g, X and Y, or
X, Y, and Z). The subfield names for a spatial address must
therefore be specified by the user.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

type/address (P)
typeid Identifier for type element

(+)compi Component i of the spatial address
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SUBFIELD SUBFIELD
NAME TYPE

(+)compi A|N

Alphanum
Integer

Alphanum
Numeric

DOMAIN DESCRIPTION

Unique ID for element of type2 in
the file set if no other relational
data modules are cross-referenced
in the Catalog/Cross-Reference
module. Otherwise unique within the
cross-referenced modules

As defined in the Spatial Reference
module/Horizontal address component
field

Field and subfield name substitution table

Primary field n

ame First subfield ((i+1)th subfields)

(type/address) (typeid) ((+) compi)

Polygon/Address Polid user defined
Ring/Address Rngid user defined
Chain/Address Chnid user defined
Node/Address Nodid user defined
Point/Address Pntid user defined

5.5.5 Chain Topology

This module defines the topological relations for a chain in
terms of start and end node and left and right polygon

identifiers.
FIELD SUBFIELD
NAME NAME

Chain-topology (P)
Chnid
Strnode
Endnode
Lftpol

Rgtpol

FIELD/SUBFIELD
DESCRIPTION

Chain ID

e A v wa e — —— - —— T —— — - — S = w— — - ————— —— —

Start node ID

End node ID

Left Polygon ID

Right Polygon ID

80



SUBFIELD
NAME

Strnode

Endnode

Lftpol

Rgtpol

SUBFIELD
TYPE

AT

AlI

AT

Al

Alphanum
Integer

Alphanum
Integer

Alphanum
Integer

Alphanum
Integer

Alphanum
Integer

5.5.6 Attribute-Primary

DOMAIN DESCRIPTION

Unique ID for chain in the

file set if no other relational data
modules are cross-referenced in the
Catalog/Cross—Reference module.
Otherwise unique within the
cross-referenced modules

Unique ID for start node in the

file set if no other relational data
modules are cross-referenced in the
Catalog/Cross-Reference module.
Otherwise unique within the
cross-referenced modules

Unique ID for end node in the

file set if no other relational data
modules are cross referenced in the
Catalog/Cross-Reference module.
Otherwise unique within the
cross-referenced modules

Unique ID for left polygon in the
file set if no other relational data
modules are cross referenced in the
Catalog/Cross-Reference module.
Otherwise unique within the
cross-referenced modules

Unique ID for right polygon in the
file set if no other relational data
modules are cross referenced in the
Catalog/Cross-Reference module.
Otherwise unique within the
cross~-referenced modules

The attribute-Primary module defines the primary attributes
associated with a spatial element or object. The first subfield
must contain an identifier of a relational element in the file
set so that the attributes can be associated with this element.
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FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

-—— e - - a - - - - - - — S - S G G G G - G G G GES G G G G G A G G T G G - . - - - - -

Attribute-Primary (P)
Elmid Identifier for relational element

(+)attprim Primary attribute of Elmid element

SUBFIELD SUBFIELD
NAME TYPE DOMAIN DOMAIN DESCRIPTION

Elmid AlT Alphanum Unique ID for element in the
Integer file set if no other relational data
modules are cross referenced in the
Catalog/Cross-Reference module.
Otherwise unique within the
cross-referenced modules

attprim A|I|R Alphanum As indicated by Format in the Schema
S|B|C Numeric module
Bitfield

5.5.7 Attribute-Secondary

The attribute-secondary module defines the secondary attributes
associated with values of primary attributes. The first
attribute in the n-tuple for this module must be a primary
attribute defined in a primary attribute relation.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

- — - - - - - - - - G G - - G G G —— - - — S - G G S G - -

Attribute-secondary (P)

attprim Primary attribute of primary attribute
module

(+)attsec Secondary attribute associated with primary
attribute
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SUBFIELD SUBFIELD

NAME TYPE DOMAIN DOMAIN DESCRIPTION
attprim A|I|R Alphanum As indicated by Format in the Schema
S|B|C Numeric module or as indicated by the format
Bitfield controls of the encoding method
attsec A|lI|R Alphanum As indicated by Format in the Schema
S|B|C Numeric module or as indicated by the format

Bitfield controls of the encoding method
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5.6 Raster-Grid Form

The Raster-Grid Form has two distinct sets of modules for
encoding raster or gridded data. The first two modules
(Grid-Definition and Grid-Cell) have been designed for the
exchange of gridded data associated with geographic information
systems. For example, these modules allow for the encoding of
attribute data with each grid-cell identical to the attribute
encoding that is possible for objects from the Object exchange
form.

The second set of two modules (Raster Definition and Raster-Cell)
has been designed for exchange of remote sensing oriented image
data.

The two sets of modules are referred to as the grid and raster
modules, respectively.

The fields and subfields of the raster modules have been defined
to be as close as possible to those of the grid modules. Some
differences are to be expected, as the geographic location of
pixels in raster data is implicit (no pixel-by-pixel locations
given), the data values are usually unsigned binary, and various
layering patterns are employed. Field and subfield orders have
been chosen to allow maximum opportunity for truncation of
lesser-used parameters.

To distinguish between the different types of raster and gridded
data and their encoding methods, the concept of an object
representation code has been carried through in this exchange
form . Table 5.7.1 summarizes the object representations for
gridded data.

Table 5.7.1 Modules and Raster/Grid-Based Object Representations

Module Type Object Representation Representation Code
Grid-Definition Straight encoding with GI
cell values
Straight encoding with GJ
attributes
Run encoding with cell GK
values

Run encoding with attributes GM
Grid-Cell Same as for Grid-Definition

Raster-Definition Straight encoding with RI
pixel values

Straight encoding with RJ
attributes
Run encoding with pixel RK

84



values
Run encoding with attributes RM

Other RX
Raster-Cell Same as for Raster-Definition
Grid-Definition Straight encoding with GI
cell values
Straight encoding with GJ
attributes
Run encoding with cell GK
values

Run encoding with attributes GM

Grid-Cell Same as for Grid-Definition
Raster-Definition Straight encoding with RI

pixel values

Straight encoding with RJ

attributes

Run encoding with pixel RK

values

Run encoding with attributes RM

Other RX
Raster-Cell Same as for Raster-Definition

5.6.1 Grid-Definition

Gridded data can be encoded using the Grid-Definition module and
Grid-Cell module. These two modules can accommodate image data,
digital terrain models, gridded GIS layers and other gridded
data. A number of different data types is supported. However,
for image data, the use of the Raster Exchange Form is
recommended.

A multi-layered grid could be encoded using the attribute coding
conventions of the format, and in fact, the grid section has been
structured to reflect this coding philosophy. However, the
emphasis is on a more rigid organization to specifically
accommodate gridded data structures.

Instead of name, format, unit, and value as in the attribute
definition and attribute value fields, the attribute definition
occurs in the Grid-Definition module, and the values are encoded
in the Grid-Cell module. Multiple layers can be accommodated
either by a layer sequential format in which a Grid-Definition
module and a Grid-Cell module are used for each layer, or they
can be coded interleaved by cell. For the interleaved case, in
the Grid-Cell module, a cell value for each type of layer
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occupies a subfield, and the adjacent subfields with cell values
for the number of layers constitute a field. 1In the
Grid-Definition module, the field "Layer" containing the relevant
parameters for each layer is then repeated once for each
additional interleaved layer.

Grid cell attributes can be represented by a single value for
each layer, but also as full attributes in the form of attribute
fields, which may be attached to each grid cell as with any other
spatial object.

The Grid-Definition and Grid-Cell modules shall be subject to
overall spatial reference specifications as provided in the
Internal and External Spatial Reference modules.

The grid data record can accommodate a number of different grid
types and encoding methods as indicated in Table 5.7.1. The I,
J, K, and M object representation codes of this table represent
the encoding method. I and J represent straight encoding, cell
by cell, while K and M represent run encoding, in which a number
of identical cells is only represented once. The J straight
encoding type has been included for consistency and completeness,
but is not expected to be used frequently because run type M
would be more efficient.

Straight encoding with cell values
Straight encoding with attributes
Run encoding with cell values
Run encoding with attributes

BRUH
!

These different organizations can be supported because the grid
data record is made up of three optional parts: (1) a point, (2)
attributes, and (3) cell values. The point part contains row and
column numbers and optional full coordinates for the point. The
attributes part contains attributes structured the same as
attributes in other modules. The values part represents a
sequence of consecutive grid cells not necessarily restricted to
a single row. The sequence may start in the middle of row i,
proceed through rows i through n, and terminate in the middle of
row n. In the straight encoding mode, the sequence always
contains a complete row of value fields. In the run encoding
mode, it contains only one value field or one group of
attributes, because all the cells are assumed to be identical up
to the next point. A further possibility occurs because for any
cell a number of consecutive values may be coded, each associated
with a different layer. This is the equivalent of a
band-interleaved format.

The following expressions reflect more precisely the different
types of organizations that can be used to exchange gridded data.
The brackets "{}" have the meaning that an enclosed item can be
repeated an indefinite number of times, and "<>" brackets have

86



the meaning that the enclosed item is a conceptual unit that can
be broken down into smaller detailed components. Terms used are
those defined in Section 3.2 or are field and subfield names
defined in the tables of this section and the Grid-cCell

Section (5.6.2).

The following expressions are only examples of legal
configurations and are not meant to be all-inclusive; for
instance, the location of a "point" is expressed by the Row and
Column subfields of the Cell field of the Grid-Cell module
record, and an optional spatial address with precise coordinates
can be included for this point as well, but has been left out of
the following examples.

(1) Layer interleaved (encoding type I, straight encoding
with cell values).

<grid> ::= <Grid-Definition module>
<Grid-Cell module>
<Grid-Definition module> ::= <Grid-Definition module record>
<Grid-Cell module> ::= {<Grid-Cell module record>)}
<Grid-Definition module record> ::= <Grid field>
{<Layer field>)
<Grid-Cell module record> ::= <Cell field> {(<Cell Value field>
<Cell Value field>::= <Layerl subfield>
<Layer2 subfield>

<LayerN subfield>

Notice how the Grid-Definition module only contains one module
record, with repeated layer fields for each interleaved layer,
while the Grid-Cell module contains multiple module records
containing the layer interleaved cell data. 1In the above example
layerl, layer2,..., layerN are user substitutions for the generic
subfield name of (+)layer.

(2) Layer sequential.
<grid> ::= {(<grid layer>)

grid layer ::= <Grid-Definition module>
<Grid-Cell module>
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(3) Encoding type J, straight encoding with attributes.

<grid> ::= <Grid-Definition module>
<Grid-Cell module>

<Grid-Definition module> ::= <Grid-Definition module record>
<Grid-Cell module> ::= (<Grid-Cell module record>}

<Grid-Definition module record> ::= <Grid field>

<Layer field>
<Grid-Cell module record> ::= <Cell field>
<attribute field group>

Notice that in this case the distinction between layer sequential
and layer-interleaved is not relevant, as all attributes for all
layers are present in <attribute field group>, which is the
special attribute field group, with the attributes arranged as a
tree, made up of the Attribute Definition and Attribute Value
fields (see Section 4.1.3.3.6).

(4) Encoding type K, run encoding with cell values (layer
interleaved)

<grid> ::= <Grid-Definition module>
<Grid-Cell module>
<Grid-Definition module> ::= <Grid-Definition module record>
<Grid-Cell module> ::= {(<Grid-Cell module record>}
<Grid~-Definition module record> ::= <Grid field>
{<Layer field>}
<Grid-Cell module record> ::= <Cell field> <Cell Value field>
<Cell field>::= <Modname subfield>
<Objrep subfield>
<Numcell subfield>
<Row subfield>
<Column subfield>
<Cell Value field>::= <Layerl subfield>
<Layer2 subfield>

<LayerN subfield>

Notice that the difference between this example and the first is
that there is only a single Cell Value field in each Grid-Cell
module record. This Cell Value field has the information for all
identical cells for a run, starting at the row and column
indicated by the Row and Column subfields. The run may start
anywhere in the image, and terminates one cell before the row and
column of the next run in the next Grid-Cell module record. Note
that the encoding method is not called "run-length" encoding,
because it does not store a length of a run relative to the
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starting point; rather the run occurs between two points with
specified absolute positions.

(5) Encoding type M, run encoding with attributes

<grid> ::= <Grid-Definition module>
<Grid~-Cell module>
<Grid-Definition module> ::= <Grid-Definition module record>
<Grid-Cell module> ::= {<Grid-Cell module record>)}
<Grid-Definition module record> ::= <Grid field>
<Layer field>
<Grid-Cell module record> ::= <Cell field>
<attribute field group>
<Cell field>::= <Modname subfield>
<Objrep subfield>
<Numcell subfield>
<Row subfield>
<Column subfield>
<Cell Value field>::= <layerl subfield>
<layer2 subfield>

<layerN subfield>

Again note that when attributes are used instead of Cell Value
fields, the notion of distinct layers vanishes. Instead there is
a single layer with multiple attributes. 1In this case, one
instance of the attribute field group applies to the run
represented by one Grid-Cell module record.

The usage of the various portions of the Grid-Cell Module record

for each of the data types will be further explained in the full
specification for this record.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Grid-Definition (P)

Modname A unique identifier for the module

Objrep Representation code for the grid
Objid Object identifier

Numrow Number of rows

Numcol Number of columns
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Layer (O)

Rowcol

Rowdir
Coldir
Orangle
Numlayer
Xres
Yres

Originx

Originy

Celllx

Cellly

Name
Cellcode
Format
Minval
Maxval
Zres

Numbits

Columns or rows are stored in the data

records

Row direction

Column direction

Orientation angle

Number of layers in the grid
X-resolution

Y-resolution

X of grid offset from file origin
as specified in the Parameter3

subfield of the Internal Spatial
Reference module

Y of grid offset from file origin
as specified in the Parameter4
subfield of the Internal Spatial
Reference module

X offset
(Originx above)
Y offset

(Originy above)

One layer field for each data layer

Layer name

Cell encoding type
Layer value format
Minimum cell value for layer
Maximum cell value for layer
Z-resolution

Number of bits per entry

(*)Attribute Definition (T)

(*)Attribute Value (T)

Attributes pertaining to entire grid
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SUBFIELD
NAME

Modname

Objrep

objid

Numrow

Numcol

Rowcol

Rowdir

Coldir

Orangle

Numlayer

Xres

Yres

Originx

Originy

SUBFIELD
TYPE

Alphanum

Alpha

Integer

Integer
Integer

ROW
COLUMN

TB
BT

LR
RL

Real

Integer

Real

Real

Real

Real

DOMAIN DESCRIPTION

Name must start with alphabetic
character

Two characters as specified in
Table 5.7.1 under Representation
Code.

Unsigned integer. With Modname and
Objrep must form unique ID within
the file set

Unsigned integer >= 1

Unsigned integer >= 1

Rows are stored in the data records
Columns are stored in the data records

Rows are in
Rows are in

top to bottom sequence
bottom to top sequence

Columns
Colunmns

in left to right sequence
in right to left sequence

are
are

Counter clockwise angle from the
primary axis of ground planimetric
reference to the primary axis of
the grid reference system. Degrees
and decimal degrees

Unsigned Integer >= 1

Between cell centers X increment in
horizontal units specified in the
External Spatial Reference module

Between cell centers Y increment in
horizontal units specified in the
External Spatial Reference module

In horizontal units specified
in the External Spatial Reference
module

In horizontal units specified

in the External Spatial Reference
module
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Celllx R Real In horizontal units specified
in the External Spatial Reference

module
Cellly R Real In horizontal units specified
in the External Spatial Reference
nodule
Name A Gr-chars Any combination of graphics
characters
Cellcode A L Presence/absence of feature in cell
D Dominant type by area
F Dominant type by frequency
)4 Percent occurrence (two-class grid)
Cc Attribute value at cell center
Format A I Implicit-point (integer)
R Explicit-point unscaled
S Explicit-point scaled
B Bitfield data
c Character mode bitfield
A graphics characters
Minval A|lT] Alphanum Minimum cell value for layer.
R|S Integer If Alphanum, then lexicographical
Real minimum.
Maxval AlI| Alphanum Maximum cell value for layer.
R|S Integer If Alphanum, then lexicographical
Real maximum.
Zres I|R Integer Z increment in vertical units
Real specified in the External Spatial
Reference module. If Z represents
class values, then class interval
Numbits I Integer Unsigned integer

5.6.2 Grid-Cell

The Grid-Cell module record consists of three basic constructs:
(1) a point, (2) attributes, and (3) cell values. The point can
be used to encode precise coordinates at the beginning of the row
or run. A run is a sequence of identical cells for which
properties need to be recorded once. The coordinates for the
point can be either Row and Column subfields of the Cell Primary
module field or can be a spatial address through the Spatial
Address field or can be both. Attributes can be associated with
each cell or run. The cell value field records the cell value
(or cell values if layer-interleaved by cell) for each cell. A
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number of layer values for a run or cell is grouped into a field
called the Cell Value field. The number of subfields in this
field is variable and depends on the application. This subfield
is therefore specified generically (see sections 4.2.2 and
4,2.3.2). For example, for a specific application with layers
Vegetation, Soils and Slope, (+)layer of the Cell Value field is
converted to the explicit classification of three subfields with
names Vegetation, Soils, and Slope.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Grid-Cell (P)
Modname A unique identifier for the module
Objrep Representation code for the grid
Objid Object identifier
Numcell Number of cell fields in the
module record (since there is

only one run per record this
is also the number of cells per

run)
Row Row number of point
Column Column number of point

(-)Spatial Address (N)
Spatial address of point
(*)Attribute Definition (T)
(*)Attribute Value (T)
Cell Value (O)

(+)layer Cell data values for each interleaved layer

93




SUBFIELD
NAME

Numcell
Row
Column

(+) layer

5.6.3

SUBFIELD
TYPE

Alphanum

Alpha

Integer

Integer
Integer
Integer
Alphanum

Numeric
Bitfield

Raster Definition

DOMAIN DESCRIPTION

Name must start with alphabetic
character

Two characters as specified in
Table 5.7.1 under Representation
Code.

Unsigned integer. With Modname and
Objrep must form unique ID within
the file set

Unsigned Integer >=1

Unsigned Integer >=1

Unsigned Integer >=1

As indicated by Format

The reproduced image is a regular tesselation - all reproduction

pixels are to be the same size and shape.
is to be done during the interchange.

No image rectification
Multiple layers may be

separated into separate modules or interleaved in one.

The fields and subfields of the Raster modules have been defined
to be as close as possible to those of the Grid-definition

module.

Some differences are to be expected as the geographic

location of pixels in Raster data is implicit (no pixel-by-pixel
locations given), the data values are usually unsigned binary,

and various layering patterns are employed.

Field and subfield

orders have been chosen to allow maximum opportunity for
truncation of lesser-used parameters.

The layers of a set must have congruent, registered pixels.

The

pixels may contain coded attributes such as dominant cover
(thematic map), or other, as well as a numerical value of a

continuum image parameter such as radiance or altitude.

Each of

these variables would be expected to be in a separate logical
layer, be they interleaved by pixel or line, or be in sequential
Individual layers will be described by a series of

modules.

Layer fields.

The Objectid will be the same in all related image

modules, and is expected to be unique within the file set.
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For single-layer images (no Sequence Field, or Numlayer = 1), the
Layer Field is not needed for image playback. For multi-layer
images (Numlayer >1), the layering pattern is given in the
Sequence Field, the layering order is given in an ordered
sequence of Layer Names in the Lname subfield of the sequence
field. Parameters for the layers are given in a set of named
Layer fields.

If the same pixel format is used in all layers or for
single~layer images, the Pixels field will apply to all layers.
If the pixel formats of the several layers are different in
different layers, the Format and Bitmask subfields in the Layer
fields shall be used instead of the Pixel field to indicate
formats in each layer individually.

For Bitfield pixel data, the bits shall represent an unsigned
positive binary number unless otherwise indicated in the Cellcode
or Attribute fields.

This module describes the logical makeup of the image data plus
image layout information. It also contains information which is
ancillary to basic image reproduction: identification of the
multiple layer parameters and certain geometric information
peculiar to remotely sensed images. Layer coding is included to
allow the various layers to have different coding.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION

Raster Definition (P)
Modnanme A unique identifier for the module
Objrep Representation code

Objectid A unique raster identifier

Layout (N) Contains layout and ancillary information
pertaining to all layers
Numrow Number of rows
Numcol Number of pixels per row
Rowdir Row direction pattern
Coldir Column direction pattern

Aspratio Aspect ratio of pixels - line/pixel
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Layer (O)

Pixcs
Scanpat
Numlayer

Llist

Patolay
Orangle
Sunaz
Sunel

Centaz

Centel
Xfov
Yfov

Xres

Yres

Comment

Lnane
Cellcode
Format
Bitmask
Minval

Maxval

Pixel layout, columnar/staggered
Scan pattern, Number of lines per alteration
Number of pixel layers (e.g., spectral bands)

Ordered list of Layer names corresponding to
the Layer "Lname" subfield

Pattern of the overlay

Orientation angle, CW from reference grid
Sun azimuth angle, CW from north

Sun elevation, up from horizon

Viewing azimuth angle at image center,
CW from north

Viewing elevation angle from nadir at image
center

X angular field of view, edge to edge

Y angular field of view, top to bottom

X-resolution
space, at

(along-line pixel spacing, object
image center)

Y-resolution
space, at

(between-lines spacing, object
image center)

Free-form comments as desired

One Layer field for each data layer
Layer name, description or code

Cell encoding type

Pixel format

Defines bitfield length and active pixels
Data minimum value

Data maximum value

(*) Attribute Definition (T)

(*) Attribute Value (T)
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Comments (N)

SUBFIELD
NAME

Modname

Objrep

Objectid
Numrow
Numcol

Rowdir

Coldir

Aspratio
Pixcs

Scanpat

Numlayer

Llist

Patolay

SUBFIELD
TYPE

These fields will describe any attributes
pertaining to the entire raster.

Any desired comments

Alphanum

RI

RJ
RL

RM
RX

Alphanum
Integer
Integer

TB
BT

LR

RL

Real
C|sS

0 (Zero)
Not Zero

Integer

Alphanum

BSQ
BIL

DOMAIN DESCRIPTION

Name must start with alphabetic
character

Straight encoding with continuum
values

Straight encoding with attributes

Straight encoding with logical

Presence (1) or absence (0)

Run encoding with attributes

Other

A unique ID within the file set

Unsigned integer >= 1
Unsigned integer >= 1

Rows are
Rows are

in top to bottom sequence
in bottom to top sequence

Columns are in left to right
sequence

Columns are in right to left
sequence

Line spacing/Pixel spacing ratio
C=columnar, S=staggered

One-way scan

Boustrophedonic scan, number of
lines/alternation

Unsigned integer >= 1

Lname must start with alphabetic
character

Sequential layers
Interleaved by line
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Orangle
Sunaz
Sunel
Centaz
Centel
Xfov
Yfov

Xres

Yres

Comment
Lname

Cellcode

Format

Bitmask

o ™ ™ ™ ™ W X

BIP

Real
Real
Real
Real
Real
Real
Real

Real

Real

Alphanum

Alphanum

X <" P

POwW 0 WH

Interleaved by pixel

Degrees stated as +-XXX.XXX
Degrees stated as +-XXX.XXX
Degrees stated as +-XXX.XXX
Degrees stated as +-XXX.XXX
Degrees stated as +-XXX.XXX
Degrees stated as +-XXX.XXX
Degrees stated as +-XXX.XXX

Between pixel centers X increment
in horizontal units specified in
the External Spatial Reference
module

Between pixel centers Y increment
in horizontal units specified in
the External Spatial Reference
module

Any combination of graphics
characters

Lname must start with alphabetic
character

presence/absence of feature in
pixel

Dominant type by area

Dominant type by frequency

Value of a continuum attribute
variable

Assigned Code, may be described in
Attribute fields

Implicit-point (integer) NR-1
Explicit-point, unscaled (Real)
NR-2

Explicit-point, scaled (Exponen)
NR-3

Bitfield

Character mode bitfield
Alphanumeric

An ordered list corresponding to
unused and active positions of
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bitfield bits

Minval I|R|S|B Int, Real, Minimum legal value of continuum
scaled, variable
binary

Maxval I|R|S|B Int, real, Maximum legal value of continuum
scaled, variable
binary

Note: Objrep coding applies to the referenced Raster Cell data.
5.6.4 Raster Cell Module

This module contains the actual data values for the raster. The
order of the bits must be preserved.

FIELD SUBFIELD FIELD/SUBFIELD
NAME NAME DESCRIPTION
Raster Id

Modname A unique name for the module

Objrep Representation Code

Objectid Image identifier - same as related modules
Data

Octets (bytes) or binary fields. Binary
pixel data bits will be concatenated
into a continuous string, and the string
broken into octets even if the pixels
consist of other than 8 bits.
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SUBFIELD SUBFIELD DOMAIN DOMAIN DESCRIPTION
NAME TYPE

Modname A Alphanum Name must start with alphabetic
character
Objrep A RI Straight encoding with continuum
values
RJ Straight encoding with attributes
RL Straight encoding with logical
presence (1) or absence (0)
RM Run encoding with attributes
RX Other
Objectid A Gr-chars A unique ID within the file set -

same as in the related modules

Data A|B Alphanum Any alphanumeric representation as
or binary specified in the related modules

100



APPENDIX A

ISO 8211 IMPLEMENTATION SPECIFICATIONS 1/

A.1 OBJECTIVE AND SCOPE

The objective of this Appendix is to specify a method for the
interchange of the data representing the objects specified in
Section 5 between noncommunicating parties. The scope is limited
to the use of ISO 8211 as an interchange method and to media for
which support exists in the form of labelling standards.
Specifications for complete sets of data modules are described as
well as the manner by which incomplete sets of data modules may
be interchanged.

ISO 8211 is a general purpose interchange standard and this
Appendix specifies the allowable subset of tags, names, labels,
formats, and other control information necessary for the
interchange of spatial data. It specifies the limits allowed
users for those ISO 8211 parameters which are permitted to vary
such that interchange may be accomplished. Although private
agreements are discouraged, this appendix specifies the methods
by which private agreements can extend the standard within the
general specifications of ISO 8211 in order that the user can
interchange data not anticipated by this standard in a manner
which does not conflict with the standard.

The methodology of this Appendix is to define ISO 8211 constructs
which, for the purpose of interchange, accept the logical
constructs of Section 5 and preserve their meaning. Where
possible, a correspondence is maintained between the module
subfields and fields of Section 5 and the ISO 8211 subfields and
fields maintaining both identification and order when required.
Where Section 5 has module field requirements not easily met by a
single ISO 8211 field, a multiple field construction is used.

The fields associated with a single module record are collected

1/ ISO 8211 is also a Federal Information Processing
Standard; see FIPSPUB 123, Specification for a Data Descriptive
File for Information Interchange, 19 Sept 1986.
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into a single ISO 8211 record.

The content and size of an interchange determine what fields are
present and how they are collected into records and the records
into files. Section 5 allows the user considerable freedom to
structure records and files as needed and this Appendix does
likewise.

ISO 8211 is a media-independent standard and its variable length
records may be written on any medium which is able to accept
them, including communications lines. 1In order to promote
interchange, the user is advised to employ standardized media for
which labels and file structures exist as well as widespread
implementations. Unfortunately, not all levels of standardized
media are equally well supported by all vendors. The
requirements for standardized media are given in Section A9.

A.2 CONFORMANCE

A spatial interchange file set is in conformance with this
Appendix of the standard when all files, records, and fields are
in conformance with the applicable media standards, ISO 8211, the
specifications of Part II, Sections 4 and 5 of this standard, the
required specifications of Parts I, III, and IV of this standard,
and the specifications of Sections A5 through A9 of this
appendix.

A.3 REFERENCES FOR THIS APPENDIX

When any of the Standards cited in this Appendix are superseded
by an approved revision, the revision shall apply.

ANSI X3.27-1986, American National Standard for File
Structure

ANSI/ISO 4341-1978, American National Standard for Magnetic
Tape Cassette and Cartridge Labelling and File Structure for
Information Interchange

ANSI/ISO 8211-1986, American National Standard for
Information Processing - Specification for a Data
Descriptive file for Information Interchange

ISO 6093-1985, Information Processing - Specification for
Representation of Numeric Values in Character Strings for
Information Interchange

ISO 7665-1985, File Structure and Labelling for Flexible
Disk Cartridges for Information Interchange
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ISO/DIS 9293~198x, Volume and File Structure for Flexible
Disk Cartridges for Information Interchange

Knuth, D. E.; "The Art of Computer Programming, Vol 1,
Fundamental Algorithms", 2nd Ed.; Addison-Wesley, Reading,
MA, 1973; p. 305 ff.

A.4 DEFINITIONS FOR THIS APPENDIX

The definitions are limited to those terms not in common usage
and not found in the reference standards.

A.5 SPECIFICATIONS

Table Al 1/ specifies all the ISO 8211 tags, names, labels and
control fields reserved by this standard for the interchange of a
set of complete modules as single or multiple files. The
constructs of Table Al are related to the logical constructs of
Section 5 by section references and by the following
nomenclature:

Section 5 ISO 8211/Table Al
a) Module subfield Subfield
Subfield Name Label
b) Module field Field (1)
" Field Name Name
c) Domain Data type/format

Note: (1) In some fields, multiple ISO 8211 fields may be
required to complete a module field or, when the repetition
requirements permit, two or more module fields have been merged
into one ISO 8211 field.

The identification nomenclature of Section 5 has been used for
most of the corresponding constructions of this implementation.
Table Al specifies any exceptions to this practice.
Specifications for the contents of user data subfields
corresponding to the tags and labels are found in Section 5.

Note - Certain of the data elements of Section 5 are controls not

1/ This table does not contain the recently added Coordinate
Resolution field. Also the the field name "Estimate of
Coordinate Precision" of the Internal Spatial Reference Module
has been changed to "Estimate of Positional Accuracy."
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applicable to an ISO 8211 interchange and are omitted from the

ISO 8211 interchange file. A few module subfields contain more
than one data item and these are resolved into proper ISO 8211

subfields.

A subset of the data descriptive information is subject to
variation based on the data to be interchanged (see A5.1.2).

Table Al
Specification of Tags, Field Controls, Names, Labels, and Formats

- - G — M G wme GeS SIS NS P S GER GES S IS GER GNP R SN GRS NS MmS G NS N Gms M NS S M G L GRS A R S S NS SR S M NS G W G . U — T - — - —— —

Notation - The table entries are formatted as follows:

Tag Field controls (six bytes),name& (see 5.d..)

[n]]|[m,n] Label& - continued to next line as necessary
Format:

where:

Tag is a four character ISO 8211 tag
Fldcon are the ISO 8211 field controls

Name is the ISO 8211 name
[] signifies that no labels are specified
[n] signifies n subfield elements of an n-tuple
{(m,n] signifies the number of elements in a two-dimensional
array; often an n-tuple, repeating m times.
[3:] implies a three-dimensional array with explicitly stated

dimension and extent controls. See ISO 8211 6.2.4.
Label is an ISO 8211 vector label or Cartesian label
Format is the ISO 8211 format control
{tagaltagb} implies "taga" or "tagb", but not both
"lowercase" implies a user determined name or label
"ATTG" implies any form of the ATTRIBUTE field group.

Dashed lines, "“"-=--- ", group associated sets of tags and field
descriptions which form a spatial data module (i.e., the
associated fields lie between the dashed lines). The primary
field of the set is listed first and the secondary fields, if
any, are listed after the primary fields. Secondary fields are
defined at their first occurrence and shall be included in a
subsequent module when referenced by tag.

The following field descriptions occur frequently in several
modules and shall be included in the modules when referenced by
tag:

0001 0100;&DDF RECORD IDENTIFIER&
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(] &

Note: This field is required by ISO 8211 in each record.
In the Attribute tags, the substitution of "digits" for "d" provides
for the definition of multiple Attribute fields.

The following form of the Attribute field is used when labelling is
required and repetitions of the same n-tuple occur associated

with the same ATTRIBNAM and ATTRIBUNIT. Mulitple Attribute Value
fields can also be associated with the same Attributes field.

ATdd 1600;&ATTRIBUTES& (see 5.1.1)
[2] ATTRIBNAM!ATTRUNIT&
(2A) ;

Avdd 2600; &ATTRIBUTE VALUE&
[m,n] *user subfield value labels&

(2):

The attributes field group may form an ordered, rooted tree in
which case, the tag, ATdd, is the parent of Avdd. (See A5.1.3)
The following form of the Attribute field is used when labelling
is required and repetitions of different attributes of the same
format and data types occur.

ARAd 2600;&ATTRIBUTES& (see 5.1.1)

*ATTRIBNAM! ATTRIBUNIT!user data subfield labelsé&

(2A,2); For data comprising n-tuples, Z is a composite term.
The following form of the Attribute field is used when labelling
is not required and repetitions of the same n-tuple occur or when
varying numbers of values of a single attribute occur. There are
no labels used.

ASdd 1600;&ATTRIBUTES& (see 5.1.1)
& Subfield order: Attribnam, Attribunit, Attribvalue(s).
(2A,(2)): For multiple data values, Z is a composite term.

The interpretation of the values is a user protocol based upon
the value of Attribnam and Attribunit.

The Spatial Address field supplies a set of components from which
the location of a point can be determined. The number, meaning
and names of these components are given in the Spatial Address
module.

The names of the components shall appear as labels in this
field description in the order in which the components occur.

SADR 2600;&spatial address& (see 5.1.2)
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(2):

The following special spatial address tags have the same subfields
as SADR:

DMSA - Domain spatial address
RADS - Registration spatial addresses (external/internal).

The SADR tag may take the form, SAdd where "dd" is "digits", in
order to define multiple spatial address types in one file.

FRID 2600;&foreign id& (see 5.1.3)
{m,3] *MODNAM!OBJREP!OBJID&
(2A,I);

The following special foreign identifier tags have the same
subfields as FRID:

ARID - Area Identifier
ILNID - Line Identifier
RNID - Ring Identifier.

The FRID tag may take the form, FRdd where "dd" is "digits", in
order to define multiple foreign identifier types in one file.

COMM 0000 ; &COMMENTS&
[1] &

CATD 2600;&CATALOG/DIRECTORY& (see 5.2.1.1)

[m,7] *MODNAME!NAME!TYPE!VOLUME!FILE!RECORD! COMMENT&
(52,%,A) ;

CATX 2600;&CATALOG/CROSS REFERENCE& (see 5.2.1.2)

[m,6] *MODNAME!NAME1!TYPE1!NAME2!TYPE2!COMMENT&
(6A) ;

CATS 2600;&CATALOG/SPATIAL DOMAIN& (see 5.2.1.3)

[m,7] *MODNAME!NAME!TYPE!DOMAIN!MAP!FEATURE ! COMMENT&
(7R) ;

IDEN 1000;&IDENTIFICATION& (see 5.2.2)
[6] MODNAME ! TITLE! DATAID! GEOAREA ! DATASTRCT ! COMMENT&
(6A) ;

FEAC 2000;&FEATURE DESCRIPTION&
[n,2] *FEATURE NAME!DESCRIPTION&
(A);
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2000; &MAP DATE&
*MAPDAT1 ! MAPDAT2&
(24):

2100;&MAP SCALE&
*SCALE1l!SCALE2&

(21):

0000 ; &SECURITY& (see 5.2.3)

MODNAME ! SECCLASS ! CONTROL! REVIEWDATE ! REVIEWINST ! COMMENT&
(6A)

1600; &INTERNAL SPATIAL REFERENCE& (see 5.2.4.1)
MODNAME ! REFTYPE ! SADDRTYPE ! SASERFMT ! HORI ZCOMPFMT | VERTCOMPFMT &
(8A) ;

2600; &ESTIMATE OF COORDINATE PRECISION&
*HORI ZCOMPPRECIS ! VERTCOMPPRECIS&
(24);

1600; &TRANSFORMATION PARAMETERS&

[71]

HZRF
[4]

1600; &EXTERNAL SPATIAL REFERENCE& (see 5.2.4.2)

MODNAME ! REFDOC! REFSYSNAM! VERTUNIT! VERTREFERENCE ! SOUNDDATUM!

COMMENT&
(7A) ;

1600; &8HORIZONTAL REFERENCE&
HORIZDATUM! PROJCODE! ZONENUM! HORIZUNIT&
(A,3I)

2600; &GCTP PARAMETERS&

1600 ; &SPATIAL DOMAIN& (see 5.2.5)
MODNAME ! SPATDOMTYP ! DOMSPATADDR ! DOMSPATADDRSERFMT ! COMMENT&
(54) ;

2600; SREGISTRATION& (see 5.2.6)
MODNAME ! COMMENT &

(2A) ;

2600; &EXTERNAL/INTERNAL SPATIAL ADDRESSES&

*external spatial address labels! Note: Combines two
internal spatial address labelsé& ordered module fields.
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DQLG 0000;&LINEAGE& (see 5.3.1)
[1] MODNAME&
(A);

COMM, FRID, ATTG
DQPA 0000;&POSITIONAL ACCURACY& (see 5.3.2)
[1] MODNAME&

(A);

COMM, FRID, ATTG

DQAA 0000;&ATTRIBUTE ACCURACY& (see 5.3.3)
(1] MODNAME&
(a):

COMM, FRID, ATTG

DQLC 0000;&LOGICAL CONSISTENCY& (see 5.3.4)
[1] MODNAME&
(A);

COMM, FRID, ATTG

T - - —— " - - - — — - — G — o G G - G G- — - G - — - - - — . - ——

DQCG 0000; &COMPLETENESS& (see 5.3.5)
[1] MODNAME&
(A):

COMM, FRID, ATTG

PNTS 1600;&POINT-NODE& (see 5.4.1)
(3] MODNAME ! OBJREP! OBJID&
(2A,1);

SADR, ARID, LNID, ATTG

- oo G G B G - T G G T T T S W T T B T Bt T BB Tl e Bile e DU P B P e e T S T Ul T WD . Gl G W T TS T W e G = - -

LINE 1600;&LINE& (see 5.4.2)
(3] MODNAME ! OBJREP! OBJID&
(2A,1);

NEIG 2600;&NEIGHBORS&

[4,3] POLYGONID LEFT!POLYGONID RIGHT!STARTNODE ID!ENDNODE ID
*MODNAM! OBJREP!OBJID&
(4(27,1));

{FRID|SADR}, ATTG



1 CARTOGRAPHIC OBJECTS
1.1 Scope, Purpose and Application

In order to efficiently encode and store cartographic objects that are digi-
tal representations of cartographic features, a systematic and comprehensive
set of such objects that support the various cartographic operations carried
out by modern cartographic data systems must be provided. These objects are
intended to serve the cartographic community specifically, and the spatial
data handling community in general.

1.1.1 Background

This work was begun by the National Committee for Digital Cartographic Data
Standards in 1982 to harmonize and systematize a comprehensive set of carto-
graphic objects for the profession. In 1985, the Standards Working Group of
the Federal Interagency Coordinating Committee on Digital Cartography also
began working on cartographic object definitions. This resulting standard
represents a joint and collaborative effort by both groups to scientifically
define a set of objects that will support work with cartographic data sys-
tems and spatial data exchanges.

1.1.2 Objectives

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

1) to specify a set of primitive and simple cartographic objects in O,
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.

1.1.3 Classification and Intended Use of Objects Defined Herein

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 carto-
graphic data structures which use geometric drawing and utilize
topological operationms,

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




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) Topolo 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 Section 1.4.4 that are
based on the point and on the chain.

1.2 Conformance

A user 1s in conformance with this standard if the primitive and simple
objects appearing in this document are used exclusively and referenced. All
compound and complex objects must be constructed out of the primitive and
simple objects defined herein.

1.3 Fundamental Feature Terms and Definitions

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 |
I I I
| A real world phenomenon | A digital |
| that is not subdivided | representation of a |
| into phenomena of the | feature. |
| same kind. | |
| 1 |

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




1.4 Definition of Cartographic Objects

The cartographic objects specified in the following sections represent the
primitive and simple 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. All objects in the following list are
simple objects. The objects that cannot be subdivided are primitive objects.
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.

Compound and complex objects can be constructed from the primitive and
simple objects. In general, when constructing such higher level objects, it
is advisable to construct such objects out of those from a single class of
use (e.g. geometry and topology). Mixing those from different use classes to
construct higher level objects may produce complications and is therefore
not advised.

1.4.1 Definition of 0-Dimensional Cartographic Objects

1.4.1.1 point - A O-dimensional object that specifies
(G only) . geometric location. A set of coordinates
specifies the location.
1.4.1.2 node - A O-dimensional object that is a topological
(GT/T) junction or end point and that may specify
* geometric location. An optional set of coordi-

nates specifies the location.

1.4.2 Definition of 1-Dimensional Cartographic Objects

1.4.2.0 line - A 1-dimensional object.

(generic)

1.4.2.1 line segment - A l-dimensional object that is a

(G only) . direct line between two points.

1.4.2.2 string - A sequence of line segments.

(G only)

1.4.2.3 arc - A locus of points that forms a curve that is
(G only) defined by a mathematical function.

[\/



1.4.2.4 link - A 1-dimensional object that is a connection

(GT/T) % sk between two nodes. Alias: edge.

1.4.2.5 directed link - A link between two nodes with one

(GT/T) =" || direction specified.

1.4.2.6 chain - A directed sequence of nonintersecting line

(GT/T) segments and/or arcs with nodes at each end.
References to left and right area identifiers
are optional.

1.4.2.7 ring - A sequence of nonintersecting chains, strings,

(generic) links, or arcs with closure. (It represents a
closed boundary, but not the interior area
inside the closed boundary).

1.4.2.7.1 1) ring created from string(s).
(G only)

1.4.2.7.2 2) ring created from arc(s).

(G only) :j

1.4.2.7.3 3 ring created from links.
(GT/T)

1.4.2.7.4 4) ring created from chain(s).
(GT/T)




1.4.3 Definition of 2-Dimensional Cartographic Objects

1.4.3.0 area - A bounded continuous two dimensional object which may
(generic) or may not include its boundary.

1.4.3.1 interior area - An area not including its boundary.
(generic)

1.4.3.2 polygon - An area consisting of an interior area, one
(generic) outer ring and zero or more nonintersecting,
nonnested inner rings.

1.4.3.2.1 1) simple polygon - A polygon without inner
(generic) rings.

1.4.3.2.2 2) complex polygon - A polygon with one or
(generic) more inner rings.

1.4.3.3 pixel - A 2-dimensional picture element that is the
(G only) smallest nondivisible element of an image.
1.4.3.4 grid cell - A 2-dimensional object that represents an
(G only) element of a regular or nearly regular

tessellation of a surface.




1.4.4 Special Implementation Objects

1.4.4.1
(special)

1.4.4.2
(special)

1.4.4.3
(special)

l.4.4.4
(GT/T)

feature point - A point used principally for
identifying the location of point features,

o such as towers, buoys, gauging stations, etc.
label point - A point used principally for displaying
map and chart text (feature names) to assist
o in feature identification.
area point - A point within an area carrying
° attribute information about that area.

complete chain - A chain that has node identifiers
and left and right area identifiers.
LID 17

1W

RID

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

LID

M

1.4.4.6
(GT/T)

16

kS Tk

RID

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

17




2 GENERAL TERMS AND DEFINITIONS

Accuracy - The closeness of results of observations, computations or esti-
mates to the true values or the values accepted as being true.

Attribute - A defined characteristic of an entity (e.g. composition).

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

Attribute Value - A specific quality or quantity assigned to an attribute
(e.g. steel).

Check Plot - A graphic product produced from a digital system to verify the
positional data by direct superimposition on the graphic original used to
create the digital record. Typically the check plot is produced on stable
base, transparent or translucent material. Procedures to register the
check plots should be considered carefully.

Complex Object - An object constructed from a mix of different kinds of pri-
mitive and simple objects from the same class. (see Table 1 above.)

Compound Object - An object constructed from a set of the same kind of pri-
mitive or simple objects.

Control (mapping) - A system of points with established horizontal and ver-
tical positions which are used as fixed references in positioning and
relating map features.

Coordinates - Pairs of numbers expressing horizontal distances along ortho-
gonal axes; alternatively, triplets of numbers measuring horizontal and
vertical distances. Row and column numbers of pixels from raw imagery are
not considered coordinates for the purposes of the quality standard.

Cycle - In the context of topological testing, a closed ring of adjacencies
between graph duals (constructed according to Euler’s Law).

Data Base - Related subject information stored as a volume set, volume, file
set, or file.

Data Element - A logically primitive item of data.

Entity - A real world phenomenon that is not subdivided into phenomena of
the same kind (e.g. a bridge).

Entity Class - A specified group of entities (e.g. land use, hydrographic,
transportation).

Exchange Construct - A volume set, volume, file set, file, module, module
record, module field, module subfield, field, subfield, record, or media
record.

Exchange Form - A collection of related module specifications based on an
underlying data model.



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

Field - Consists of one or more related subfields. It may contain part or
all of a module field. It does not contain parts of two or more module
fields.

Field Group - A set of related module fields with special ordering and/or
logical relationships between module fields in the group.

Field Name - A name associated with a field.

File - An identifiable collection of zero or more related records. It may
contain part of, or all of one or many modules.

File Set - An identifiable collection of zero or more related files.

Foreign Identifier - A reference to a unique module record other than the
record containing the foreign identifier; has the same domain and struc-
ture as the module record identifier to which it refers.

Geocodes - A system of abbreviation used to create an exhaustive list of a
class of geographic features (usually applied to political units).

Implementation Method - A method of encoding data content and data structure
to accomplish an interchange between dissimilar computer systems, without
loss of content, meaning, or structure.

Included Term - Non-standard label of an entity or attribute that is cross-
referenced to a standard term of an entity or attribute.

Media Record - An implementation-dependent, media-dependent construct con-
taining part of or all of one or more module records. The fixed length
records, variable length records and segmented records written in mag-
netic tape blocks or in diskette sectors are examples of media records as
is a block or sector if no record structure is defined.

Misclassification Matrix - Results of an attribute accuracy test given in
the form of a row by column (RxC) contingency table (crosstabulation)
sometimes called a classification error matrix. Usually the rows repre-
sent the interpretation tested and the columns represent the verification
assumed to be correct. The diagonal elements represent the correct clas-
sifications when the matrix is square and the rows and columns are
strictly comparable. The remaining elements can be treated row-wise as
errors of commission, and column-wise as errors of omission.

Module - A logical collection of module records.

Module Field - A collection of one or more module subfields and has an iden-
tifier specified by this standard. A Primary Module Field is the first
field in a module record. A Secondary Module Field is any other field in
a module record.

Module Record - A collection of one or more module fields. A Module Record
contains a single instance of data conforming to a module specification,



Module Record Identifier - First three subfields of a primary module field
of a module record containing a unique identification for that record in
the volume set.

Module Specification - The meaning, identification, order requirements and
data structure requirements for data belonging to the module,

Module Subfield - A single elementary data element having the identifier,
data type, data domain, meaning and logical associations defined by the
module specifications of this standard.

Object - A digital representation of a feature.

Quality - An essential or distinguishing characteristic necessary for carto-
graphic data to be fit for use.

Quality Overlay - A collection of points, lines and areas organized to
represent quality information for another set of map information. An
overlay describing lineage can be termed a source data index; a posi-
tional accuracy overlay can be termed a reliability diagram; or a term
describing the content.

Record - An implementation-dependent construct that consists of an identi-
fiable collection of one or more related fields. It may contain part of,
all of one, or many module records. It may be written as part of or all
of one or more media records.

Scales Of Measurement - A system of classification of measurements depending
on the mathematical operations permitted: the simplest scale is nominal
scale which only permits a test of equivalence (same value), ordinal
scale adds the property of order and the operations greater than and less
than, interval scale defines addition and subtraction, and ratio scale
subsumes the earlier ones with the inclusion of multiplication and divi-
sion. Collectively, nominal and ordinal can be termed categorical, and
interval and ratio can be termed continuous scale.

Spatial Data Exchange - A collection of related modules.
Standard Term - Primary label of an entity or attribute.

Subfield - A subdivision containing a single data element that corresponds
to exactly one module subfield.

Subfield Name - A name associated with a subfield.

Transformation - A computational process of converting a position from one
coordinate system to another.

Volume - A media-dependent construct consisting of an identifiable collec-
tion of part of or all of one or more files. A volume is a discrete
interchange construct such as unit of dismountable media or a single on-
line session.

Volume Set - A media-dependent construct consisting of an identifiable col-
lection of one or more volumes containing a single file set.

10
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POLY 1600;&POLYGON& ({see 5.4.3)
[3] MODNAME ! OBJREP { OBJID&
(27,I);

{RNID,LNID|SADR}, ATTG

The Polygon-ring tree, when formed from the tags POLY and RNID;
or from POLY, RNID and LNID; or from POLY, RNID and SADR are not
recursive trees and can be formed in the normal ISO 8211 manner
(see ISO 8211 clauses 5.2.2 and 5.3.2). It may be necessary to
retain the RNID tags to indicate the tree structure even if the
data
fields are null.
ARCS 1600;&ARC& (see 5.4.4)
[4] MODNAME ! OBJREP!OBJID! DIRECTION&

(27,I,A);

ARAD 2600;&ARC ADDRESSES&
[3,n) START ADDRESS!END ADDRESS!CENTER ADDRESS
*spatial address labelsé&
(3(nz)):; Note: This field merges three module fields.

CNAR 1400;&CONIC ARCK
[6] A!BI!C!D!E!F&
(6R) ;

CVPM CURVEPARM&
[7] DEGREE!PLANAR!CLOSURE!SPLINETYPE! PERIOD!NUMSEG! POINTS&
(2I,3A,2I)

KTPR 2400;&KNOT SEQUENCE, WEIGHTS & PARAMETERS&
[n,3] *T!W|V& Note: This field merges three ordered module fields.
(R)

CPTS 2400;&CURVE CONTROL POINTS&
(n,m] *CG!spatial address labels& Note: This field combines the
(I,nZz); Curvegen and Spatial Address fields.

NADR 1600;&NORMAL SPATIAL ADDRESS&
[n] spatial address labels&
(2)

BKPT 1400; &8BREAKPOINTS&
[n] &
(R)

COEF 1400; &COEFICIENT MATRIX&
[3:] & Note: Inline dimension and extent controls of the form;
(R) 3&ICOEFF&IXYJT&KPOINTS&. See ISO 8211 6.2.4
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DRIV 1400;&DERIVATIVE MATRIX&

[3:] & Note: Inline dimension and extent controls of the form;
(R) 3&KDERIV&IXYZVAL&ISEGMEMTS&. See ISO 8211 6.2.4
ATTG
COMP 1600; &COMPOSITEG& (see 5.4.5)
[3] MODNAME!OBJREP!OBJID&
(2A,I);
FRID, ATTG

ATTD 1600;&ATTRIBUTE DESCRIPTION& (see 5.4.6)
[3] MODNAME!OBJREP!OBJID&
(2A,1);

SCMA 1000;&SCHEMA& (see 5.5.2)
(7] MODNAM!NAME ! TYPE ! OBJREP! SUBFIELD! FORMAT ! UNIT&
(73) ;

Generic specifications of Typel/Type2 fields (see 5.5.2)

tagt 2600;&typel/type2&
[m,n] typelid!type2id&
(22) :

where "tagt", "typel/type2", "typelid" and "type2id" are selected
from the following table:

tagt typel/type2 typelid type2id
FTEL FEATURE/ELEMENT CMPID ELMID
POLI POLYGON/RING POLID RNGID
POCN POLYGON/CHAIN POLID CHNID
POPT POLYGON/POINT POLID PNTID
RNCH RING/CHAIN RNGID CHNID
RNPT RING/POINT RNGID PNTID
CNPT CHAIN/POINT CHNID PNTID
NDCH NODE/CHAIN NODID CHNID
NDPT NODE/POINT NODID PNTID

Generic specifications of Type/Address fields (see 5.5.4)
tagt 2600;&typeé&
[m,n] typeid!addressé&

(22);

where "tagt", "type" and "typeid" are selected
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from the following table:

tagt type typeid
POAD POLYGON/ADDRESS POLID
RNAD RING/ADDRESS RNGID
CNAD CHAIN/ADDRESS CHNID
NDAD NODE/ADDRESS NODID
PTAD POINT/ADDRESS PNTDD

and "address" is the labelling of the SADR field for the module.
CHTO 2600;&CHAIN-TOPOLOGY& (see 5.5.5)
[m,5] *CHNID!STRNONE!ENDNODE! ! LFTPOL!RGTPOL&
(52)
ATPR 2600; &ATTRIBUTE-PRIMARY& (see 5.5.6)
[m,n] *ELMID!attprim&
(22);
ATSC 2600;&ATTRIBUTE-SECONDARY& (see 5.5.7)
(m,n] *ELMID!attsec&
(22) ;

GRID 1600;&GRID DEFINITION& (see 6.6.1)
(15] MODNAME!OBJREP!OBJID!NUMROW ! NUMCOL! ROWDIR! COLDIR! ORANGLE!
NUMLAYERS ! XRES | YRES ! ORIGINX! ORIGINY ! CELLLX! CELLLY&

(2A,3I,2A,R,I,6R);

CLAY 2600;&CELL LAYER DESCRIPTION&
[m,7] *NAME!CELLCODE!FORMAT!MINVAL!MAXVAL!ZRES !NUMBITS&
(3A,32,1):

CELL 1600;&GRID CELL& (see 5.6.2)
(6] MODNAME ! OBJTREP! OBJID!NUMCELL!ROW! COLUMN&
(24,41);

CVAL 2600;&CELL VALUES&
[m,n] *layeril!layer2!...!layeri!...layern&
(2);

RDEF 1600;&RASTER DEFINITION& (see 5.6.3)

[22] MODNAME!OBJREP!OBJID!NUMROW!NUMCOL!ROWDIR!COLDIR!
ASPRATIO!PIXCS!SCANPAT!NUMLAYER! PATOLAY ! ORANGLE! SUNAZ!
SUNEL!CENTAZ ! CENTEL! XFOV!YFOV!XRES! YRES ! COMMENT&
(3A,2I,2A,R,A,2T,A,9R,A);

A-11
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RLAY 2600;&RASTER LAYER DESCRIPTION&
(n,6] *LNAME!CELLCODE! FORMAT!BITMASK!MINVAL!MAXVAL&
(2A,2%,A,C,22);

COMM, ATTG

In order to reduce complexity, the Layout subfields which do not
repeat have been merged into RDEF; and the Lname subfield (which
is redundant) has been dropped.

RCEL 0000;&RASTER CELL MODULE& (see 5.6.5)
[3] MODNAME!OBJREP!OBJID&
(33) ;

RDAT 1600;&RASTER DATA&

A.5.1 Conformance To ISO 8211

All files, records, controls, tags, data descriptive fields, and
data fields shall conform to ISO 8211.

A.5.1.1 Tags, Names, And Labels

The tags, names, and labels shall conform to the meanings
specified in Section 5 and to Table Al. The spelling of tags,
names, and labels shall conform to the spellings of Table Al.
Labels shall occur in the order specified in Table Al (see A5.2
for missing data specifications). Where there is a requirement
in Section 5 for the preservation of the order of module fields
and/or subfields or for the associations between module fields or
subfields, this ordering shall be preserved by the order of the
ISO 8211 records, fields, and subfields.

Data descriptive fields which have no specified labels may be
augmented by user-supplied labels for the identification of
subfield data. An import system is not required to recognize
user-supplied labels.

A.5.1.2 Permitted Variations In Field Controls And Formats

Field controls and formats shall conform to Table Al in the
following manner:
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a) Data Structure (byte 1) - No variance.

b) Data Type (byte 2) ~ This control shall agree with the
data type of the corresponding user data.

c) Reserved bytes (bytes 3 - 4) - No variation.

d) Printable Delimiters (bytes 5-6) - The printable
graphics to be substituted on display for the field
terminator and the unit terminator may be selected by
the user to prevent conflict with the data.

Note - The printable graphics, ";" and "" at other
locations in Table Al represent FT(1/14) and UT(1/15).

e) Format - The format shall agree with the user data in
data type and field width or delimiter. The formats
shown are typical.

A.5.1.3 Recursive Trees Or Subtrees

Note: 1ISO 8211 cannot distinguish between trees which have
identical tag pair lists and preorder traversal sequences. This
arises only when a tree has a tag as its own progeny and other
tags can be attached to these nodes in an ambigious manner. Such
a tree can be fully recursive. This occurs only for some
instances of the Attribute field. If the required DDR tag
redundancy is not prohibitive, this problem can be met by
supplying a series of Attribute tags with the same data
description. Otherwise, it is necessary to supply the right and
left 1ink information of the corresponding binary tree as
described below (Knuth, 1973).

Recursive trees or subtrees shall be imbedded in an ISO 8211
tree. The root node of each imbedded subtree shall be a field
named, LINKS, with the associated tag, TREE and all nodes of the
subtree shall have the root node of the subtree as their parent
node. The record identifier field shall be the parent node of
the field, LINKS. In the absence of any other field structure,
the record identifier field shall be the parent node for any
field not participating in the subfield structures. The tags
shall be in the preorder traversal sequence of the tree and
subtrees.

The data description of the LINKS field shall be:

TREE 2100; &LINKS&*RIGHT LINK!LEFT LINK&(I):
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The data subfields of LINKS shall contain the right-hand and
left-hand links of each node of the binary tree corresponding to
the ordered, rooted tree of the data. The links shall be
expressed as the incremental indices of the subtree tags in the
preorder traversal sequence and shall be relative to the tag,
TREE, of the subtree root node. The nonexistence of a link shall
be represented by zero value (see ISO 8211 Annex C.).

A.5.2 Missing Data

This section specifies the methods by which the implementation
permits the representation of missing data.

A.5.2.1 Fields Missing From Entire Files

When a data field is missing from all the data records of a file,
the corresponding tag and data descriptive field may be ommitted
from the DDR of the file.

A.5.2.2 Fields Missing From Specific Data Records

Missing fields may be indicated by omitting the tag from the data
record directory and the field from user data area of the data
record.

A.5.2.3 Consistently Missing Data Subfields

When a labelled data subfield is consistently missing throughout
a file in one of the tagged fields specified in Table Al, then
the subfield label corresponding to that data subfield may be
omitted from the list of labels. The remaining labels shall
occur in the order specified in Table Al.

A.5.2.4 Intermittently Missing Data Subfields

When a data subfield is intermittently missing, a delimited data
format shall be specified and a null data value comprising zero
bytes shall be placed in the user data field followed by the
appropriate delimiter.

A.5.3 Files Containing A Single Modnam Value Within The Same
Tag.

When a file set comprises data with a single data value in the
modnam subfield in a field associated with a tag which is unique
throughout the file set, the user may opt to eliminate the module
name subfield and place the value of this field in the DDR as the
name of the field.

A-14
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On import, the DDR name of a tag shall be substituted for a
missing modnam subfield.

FOOTNOTE - The intent of this specification is to reduce overhead
due to unnecessary redundancy. It is not applicable to fields
which have multiple values in the modnam subfield. In these
cases, the user is advised to use a set of brief numeric module
names.

A.5.4 Foreign Identifiers

Foreign identifiers shall agree in data structure, data type and
format with the fields containing the data describing the spatial
objects which the foreign identifiers designate. The unique
description of foreign identifiers shall prevail across the
interchange file set.

The designated spatial element of each foreign identifier shall
exist in the interchange file set.

The neighborhoods field shall conform to the specifications of a
foreign identifier.

A.5.5 Repeating Fields

Where Section 5 permits or requires repeated fields containing
n-tuples, this section provides an array structure allowing the
repetition of the data in the same field. This allows the user
to reduce overhead and keep similiar data in close proximity.
The user also has the option to use additional fields and to
place the data in a separate record.

A.6 RECORD STRUCTURE

A record may contain fields from more than one module. This
section provides specifications for resolving and preventing
conflicting associations of primary and secondary fields.

A.6.1 Level 3 Files

The records having two or more primary fields containing
instances of a common associated secondary field shall be
interchanged as a level 3 file. The DDF RECORD IDENTIFIER tag
shall be designated as the parent of all other tags and the
preorder traversal sequence of the DR shall define the proper
association of primary and secondary tags. Each secondary tag
shall be associated with the immediately preceding primary tag.
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A.6.2 Level 2 Files

A record in a level 2 file shall not contain two or more primary
fields having, in that record, a common secondary field or
fields.

A.7 FILE SET STRUCTURE

Subject to the constraints of Section A.6.2, a file set may
consist of one or more files.

A.8 DATA REPRESENTATION

The character set used to represent non-bit field data shall be
the graphic character set enumerated in Part I, Section 4.2.1 of
this standard encoded as specified in ANSI X3.4 extended to an
8-bit environment if required.

A.8.1 Numeric Data

Character representation of numeric data shall conform to ISO
6093 with the provision that "COMMA" shall not be used for the
decimal mark. Numeric fields shall be right adjusted.

A.8.2 Dates

A date in a numeric field shall be entered in the format
YYYYMMDD.

A.9 MEDIA REQUIREMENTS

The variable length records of ISO 8211 may be written on several
media. This section specifies requirements for several
standardized media.

A.9.1 Magnetic Tapes

The ISO 8211 records shall be blocked and spanned into fixed
length records of 2048 bytes in a blocksize of 2048 bytes

conforming to level 2 of ANSI X3.27 and other applicable
standards.

Footnote: Unfortunately one large vendor does not support the
level 4 ANSI X3.27 record structure needed for variable length
records and level 2 is the highest common denominator. Further,
this blocksize, set by X3.27, is wasteful of high density tapes
and implementors should anticipate receiving blocksizes of at
least 32,767 bytes.
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A.9.2 Flexible Diskettes .

The diskettes shall be written in conformance to ISO/DIS 9293.
The ISO 8211 records shall be blocked and spanned into sectors
without record delimiters or control fields other than the record
length provided in ISO 8211.

Footnote: This widely used format is being standardized and
quite probably will receive wide support whereas ISO 7665 will
not.

A.9.3 Magnetic Tape Cartridges And Cassettes

The ISO 8211 records shall be blocked and spanned into fixed
length records of 2048 bytes in a blocksize of 2048 bytes
conforming to level 2 of ANSI/ISO 4341-1978 and other applicable
standards.

A.10 PRIVATE AGREEMENTS

Private agreements limit the scope of 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.

The inclusion of ancillary data should be accomplished within the
framework of ISO 8211 by defining private tags, names, and
labels. Inasmuch as ISO 8211 permits the association of tags
within records, there is no need to compromise the tags and
labels of this standard and conforming software. The following
guidelines insure that no compromise will exist:

a) Do not use the tags, names, and labels of this standard
with any other meaning or with controls not specified
for use with themn.

b) Define private agreement tags, names, and labels as a
completely separate set using lower case characters and
in full compliance with ISO 8211.

c) Users anticipating the participation in private
agreements should design software processing tags and
fields within the context of ISO 8211 and subfields
within the context of this standard.
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APPENDIX B

FICCDC IMPLEMENTATION SPECIFICATIONS

B.1 OBJECTIVE AND SCOPE

The objective of this appendix is to specify a method for the
exchange between non-communicating parties of the modules
specified in Section 5.

The scope is limited to the use of printable ASCII characters as
specified in ANSI X3.4 and the transfer of numeric forms as
defined in ISO 6093 with transitions between exchange units
specified by user defined delimiter characters, and the meaning
of exchange constructs preserved through the use of collector
symbols. This approach is based on the FICCDC delimiting method
specified for the Federal Geographic Exchange Format, but has
been modified to eliminate certain characteristics which would
have been less than optimal for this standard.

B.2 CONFORMANCE

A spatial data exchange file set is in conformance with this
appendix of the standard when all files, records and fields, are
in conformance with the applicable media standards, ANSI X3.4,
ISO 6093 and the specifications of Part II, sections 4 and 5 of
the standard, the required specifications of Parts I, IITI and IV
of this standard, and the specifications of sections B5-B11 of
this appendix.

B.3 REFERENCES FOR THIS APPENDIX
American National Standard Code for Information Interchange,
ANSTI X3.4-1977
ISO 6093 Information Processing - Specification for

Representation for Numeric Values in Character Strings for
Information Interchange.
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FIPSPUB79 Magnetic Tape Labels and File Structure for
Information Interchange, 1980 October 17.

ISO Information Processing - Volume and File Structure of
Flexible Disk Cartridges for Information Interchange,
ISO/DIS 9293

ANSI/ISO 4341-1978 Magnetic Tape Cassette and Cartridge
Labelling and File Structure for Information Interchange.

Federal Geographic Exchange Format, A Uniform Format for the
Exchange of Spatial Data Among Federal Agencies, Prepared by
the Standards Working Group, Federal Interagency
Coordinating Committee on Digital Cartography, August 21,
1985.

DEFINITIONS FOR THIS APPENDIX

The following definitions are limited to those terms not found in
Part I of this standard and are not in common usage, and are not
found in the reference standards.

(a) delimiter symbol - unique one-character symbol
separating exchange constructs.

(b) collector symbol - unique one character symbol that
designates the opening or closing of a collection of
exchange constructs with a special meaning, such as a
number of repeated fields or subfields, or a leaf in a
tree that constitutes a field group, or a string of
characters with special status.

B.5 SPECIFICATIONS

The delimiter/collector implementation method has the following
characteristics:

1. There is no data descriptive portion in the data
exchange; fields and subfields must be identified
through the order in which they are encoded. This is
the main difference between the method of this appendix
and the methods of appendices A and C. It constitutes a
significant simplification in the effort to implement
this implementation of the standard, but one must also
beware of its disadvantages.

2. Exchange units are separated with one-character,
user-defined delimiter symbols.
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The meaning of higher level organizations of fields and
subfields into repeating groups and levels of field
groups is expressed through collector symbols that are
matched begin and end symbols (in the FICCDC FGEF,
counts are used for repeating groups. But this feature
was judged undesirable for this implementation).

B.5.1 Delimiter/Collector Symbols

The following table lists the delimiter symbol designations as
well as a set of example delimiters that will be used for
examples in this Appendix:

BOS.Z

Designation Example
subfield delimiter
field delimiter

module record delimiter
module delimiter

begin set

end set

begin subtree

end subtree

include symbol

By e N = e N

Rules For Use Of Delimiter Symbols

The following rules shall govern the use of the delimiting
symbols associated with the exchange units of this standard:

(a)

(b)

(e)

Each symbol shall terminate a unit with which it is
associated (a subfield delimiter terminates a subfield,
a field delimiter terminates a field, etc.).

A module delimiter shall have precedence over a module
record delimiter, which shall have precedence over a
field delimiter, which shall have precedence over a
subfield delimiter.

Whenever the end of one type of unit also implies the
end of one or more units with a higher precedence
delimiter (for instance, when the termination of a
subfield is also the termination of a field and a module
record), the higher precedence delimiter shall be used
(telescoping of delimiters).
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(d) Whenever two delimiters are adjacent to each other, the
presence of a null (empty) unit of a type indicated by
the delimiter with the lower precedence shall be
implied.

Using the example delimiting symbols, examples of delimiter usage
and meaning are the following:

Usage Meaning

GCTP, end of sub-field containing "GCTP"

70526; end of field

BAD DATA! end of subfield, field and record,
subfield containing the comment
"BAD DATA"

40967/ end of field, record and module

with field containing "40967"
null subfield

null subfield

null subfield

null field

null record

null record

G pem tmm e w
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Note that the type of non-null units to the left of the delimiter
cannot strictly be determined from the delimiting symbol being
encountered, but that the delimiter must be interpreted in the
context of the data being read. For instance, "70526;" from the
above table could also mean end of field and subfield, because a
delimiter sequence of ", ;" would be replaced by ";" under the
delimiter telescoping rule.

B.5.3 Rules For The Use Of Collector Symbols

There are three types of collector symbols: (1) set symbols, (2)
subtree symbols, and (3) the include symbol. The use of each
type is explained in turn in the following three sections.

B.5.3.1 Set Symbols

For the spatial object exchange form instances of fields may each
be repeated an indefinite number of times (see Section 4.1.3.2.3
of this standard). Also certain instances of subfields may be
repeated a variable number of times (subfields marked with a "#"
in the module composition table, see Section 4.2.3.6 of this
standard). To detect the next type of field in these cases, the
mere use of the delimiters of the previous section of this
appendix will not suffice. 1In the FICCDC FGEF, field counts are
employed. But for this implementation, set symbols are used.



FICCDC IMPLEMENTATION SPECIFICATIONS

A begin set symbol signals the beginning of a set of instances of
fields or subfields of the same type, hereafter referred to as a
set. The end set symbol signals the end of the set.

The following rules govern the use of the set symbols:

(a) Set symbols shall enclose the first, second, and
additional instances of a repeated field or subfield.

(b) The begin set symbol shall occur immediately before the
first item in the set.

(c) End set symbols shall immediately follow the last item
in the set, and, hence, occur before any delimiters.

(d) Set symbols shall always occur in pairs.

(e) Delimiters shall not replace or preempt set symbols.

(£) A begin set symbol may be preceded by a field width
expressed in terms of the number of bytes occupied by
the field, in which case the delimiters in the field

group may be omitted after the first field or subfield
delimiter has occurred in the set.

For example, assuming the following fields A,B, and C, where B
can be repeated a variable number of times, a sample of instances
may be encoded as follows (instances appear in lower case):
a;{bl:b2;b3};c/
Or assume fields A, B, and C where both B and C may have
repetitions:
ar;{bl;b2;b3};:;{cl:c2;c3}/

Or assume fields A, B, and C where A has two subfields P and Q,
of which P can variably repeat:

{pl,p2,p3,p4},qibic/

Or assume that Q repeats, and B has two subfield S and T of which
S repeats:

p,{dl,q2,93}:(sl,s2,s3,s4},t/
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To demonstrate nested subfields within nested fields, assume
three fields A, B and C, where C repeats, and has two repeating
subfields v and w:

ar{{vi,v2,v3},{wl,w2};{vl,v2,v3,v4},{wl,w2,w3}};

The last rule, stating that a field width may precede the opening
symbol of a set, permits for the encoding of fixed length binary
data, and can otherwise be used to save space for repetitive data
of fixed length.

For example, assume fields A, B, and C, of which B repeats with
fixed length. This case may then be encoded as:

a;2{bl;b2b3bab5b6b7b8}ic/

where the 2 preceding the left bracket indicates the field length
in bytes of the field instances in the repeat group.

B.5.3.2 Subtree Symbols

The begin subtree and end subtree symbols are used for the
encoding of hierarchical attribute structures (see

Section 4.1.3.3.6 of the standard) and for conveying the
structure of the polygon-ring field group (see Section 5.4.3 of
the standard).

For hierarchical attribute data, subtrees of the attribute tree
that constitutes the attribute field group must be marked by
special symbols. The BNF found in Section 4.1.3.3.5 of the
standard expresses the organization of the attribute field group.
The symbolic brackets <[> and <]> in this organization enclosing
<subtree> are the equivalent of the open end close subtree
collector symbols and can be replaced by user selected symbols.
Similarly, the <[> and <]> brackets in the BNF for the
polygon-ring field group of Section 5.4.3 can be replaced by user
selected open and close subtree collector symbols.

The following rules govern the use of the subtree symbols:

(a) The begin subtree symbol shall occur immediately before
the first item in the subtree.

(b) End subtree symbols shall immediately follow the last
item in the repeat group, and, hence, come before any
delimiters.

(c) Subtree symbols shall always occur in pairs.
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(d) Delimiters shall not replace or preempt subtree symbols.

The following is an encoding illustration in which the attribute
tree of Section 4.1.3.3.6 has been encoded using the example
delimiter/collector symbols:

al,fal,ual;val;
a2, fa2,ua2;vaz2;
(bl,fbl,ubl;vbl;
b2,fb2,ub2;vb2;
{d1,£fd1,ud1,vdl}]:
a3, fa3,ua3;va3;
a4,fa4,ua4d;vas;
a5,fa5,uab5;{va51,vab52,vab53};
(cl,fcl,ucl;vel;
c2,fc2,uc2;vc2;
[el,fel,uel;vel;
e2,fe2,ue2;ve2];
c3,fc3,ue3;{ve3l,ve32,ve33}];
a6,fa6,ua6;va6/

B.5.3.3 Include Symbol

The function of the include symbol is to include delimiter and
special symbols when used for other purposes. When an include
symbol is encountered special symbols and delimiters are not to
be intercepted. This status shall be reversed when the next
include symbol is encountered. To include the include symbol one
shall use two adjacent include symbols.

For example, when a double quote (") is used for the include
symbol the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>