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1 PREFACE

This document is a partial description of the accomplishments of the Open GIS Consortium Web Mapping
Testbed, phase 2 (WMT2). The authors are indebted to those organizations, listed in Section 8, that
sponsored and/or participated in WMT2.

1.1 Submitting Organization

This draft implementation specification has been submitted to the OGC as a Discussion Paper by the
following organization:

NASA Digital Earth Office

1.2 Submission Contact Points

All questions regarding this submission should be directed to the editor or contributors:
Editor

Jeff de La Beaujardiere

NASA Digital Earth Office

Goddard Space Flight Center, Code 933
Greenbelt MD 20771 USA

+1 301 286 1569
delabeau@iniki.gsfc.nasa.gov

Contributors

Allan Doyle, International Interfaces adoyle@intl-interfaces.com
John Evans, GST/NASA (formerly MIT) john.evans@gsfc.nasa.gov
George Percivall, GST/NASA percivall @gsfc.nasa.gov
Rob Atkinson, Social Change Online rob@social change.net.au

1.3 Document Conventions

This document contains sections that are "normative," meaning they contain the formal specification against
which conformance testing can be done. Other sections are "informative," meaning they serve as
explanation and background, or "experimental," meaning they describe ideas that were discussed without
reaching a satisfactory conclusion or working test implementations. Normative and Experimental sections
are explicitly labeled as such.

Experimental sections are shown on a grey background, like so.

In the sections labeled as normative, the key words "MUST", "MUST NOT", "REQUIRED", "SHALL",
"SHALL NOT", "SHOULD", "SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this
document are to be interpreted as described in RFC 2119 [15].

1.4 Revison History

OpenGIS Consortium Discussion Paper #01-022r1 2001-03-06 PAGE 6



Basic Services Modd Draft Candidate Implementation Specification 0.0.8

0.01 WMT2 devel opment version, 2000 October 4
0.04 WMT2 devel opment version, 2000 November 3
0.0.5 WMT2 devel opment version, 2000 November 23
0.0.6 WMT2 devel opment version, 2000 December 8
0.0.7 OGC Discussion Paper #01-022, 2001 January 29
0.0.8 OGC Discussion Paper #01-022r1, 2001 March 6

1.5 Changes To The OpenGIS’ Abstract Specification

Pending revisionsto Topic 12 of the Abstract Specification are relevant to this specification.

2 INTRODUCTION

2.1 Motivation and Background

The OpenGI S Consortium (OGC) Web Mapping Testbed phase 1 (WMT1) resulted in two documents:
"OpenGIS Web Map Server Interface Implementation Specification 1.0.0" (WMS1), and "OpenGIS
Recommendation - Geography Markup Language 1.0.0" (GML). These documents were the result of a
consensus development process by WMT1 sponsors and participants and were approved by the full OGC
membership. GML isan Extensible Markup Language (XML)[9] encoding of geographic features, and is
described elsewhere. The WMS 1.0 specification was an important first step towards interoperable accessto
georeferenced information, but it does have a number of acknowledged limitations. The goal of OGC
Interoperability Program 2000 (1P2000), comprising Web Mapping Testbed phase 2 (WMT?2) and the
Geospatial Fusion Services (GFS) testbed, was to further augment interoperability by enhancing the WMS
spec and by creating new standards for Web Coverage Server, Web Feature Server, GeoParser, GeoCoder,
GeoLinks, and service Catal ogs.

These services--collectively called OGC Web Services--are each the subject of detailed specifications. They
are described conceptually in the next section as background material. The specsall differ in their purposes
and details, but share a number of common elements. This document describes the basic service framework
of OWS and specifies those common elements. In the longer term, this Basic Services Model should evolve
into a General Services Modd with a better-defined service framework that builds on emerging work on
service discovery, description and invocation in the information technology community. The Basic Services
Model is an implementation of the ISO TC211 services architecture as found in 1SO 19119 Geographic
Information — Services.

2.2 Terminology

Termsrelating to the abstract definition of geospatial interoperability are: service and operation.

? ? Service: A collection of operations, accessible through an interface, that allows a user to evoke a
behavior of value to the user (definition from SO 19119).

? ? Operation: specification of an interaction that can be requested from an object to effect behavior
(definition from SO 19119).

Termsrelating to the implementation of geospatial interoperability are: Interface and Component.
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? ? Interface: an implementation of operations including the syntax of the interaction for a given
distributed computing technology (definition from 1SO 19119).

? ? Component: a physical, replaceable part of a system that packages implementation and conforms to
and provides the realization of a set of interfaces. Component is synonymous with Server.

(Note that with these definitions, the terms Interface and Server need to be changed in many places in the
WMT documentation.)

2.3 Document Organization

Thisremainder of this document is organized as follows:

Section 3 BACKGROUND (informative)
Provides historical background and technical context for the specifications.

Section 4 ARCHITECTURE (informative)
Describes the OGC Web Services architecture and relates the components to each other.

Section 5 GENERAL RULES (normative)
Specifies the general rules applicableto all or most interfaces of a Web Map, Coverage or Feature Server.
Thisisthe primary normative part of this document.

Section 6 THE GETCAPABILITIES OPERATION (normative)
Specifies the request and response rules for obtaining service-level metadata describing an OGC Web
Service.

Section 7 REFERENCES (informative)

Section 8 WMT2 PARTICIPANTS (informative)

Appendix A: XML DTDs (normative)

Appendix B: Formatting Dates And Times (normative)
Appendix C: Describing Multi-Dimensional Data (normative)

Appendix D: Multi-Dimensional Coordinate Reference Systems (informative)

4 ARCHITECTURE

4.1 Overview

Three principal types of georeferenced information access services have been defined by WMT2: Web Map
Server (WMS), Web Coverage Server (WCS), and Web Feature Server (WFS). In addition, the Geospatial
Fusion Services (GFS) Testbed defined services that return spatially referenced results; GeoParser,
GeoCoder, and GeoLinker. Collectively, such services arereferred to as (OWS). Figure4-1isan
architecture diagram showing conceptually how OGC Web Services components are related, and naming
some (not all) of the interfaces between them. The subject of this document and its companion volumesis
theinterfaces. Theinternal details of the components are irrelevant; vendors may build them in any manner
that correctly implements the required interfaces.

The WMT2 architecture implements the “User defined chaining” architecture pattern defined in 1SO 19119.
This pattern is also called transparent chaining as the user is highly aware of and controls the individual
services. Thetransparent pattern depends upon the user to select services through interaction with a service
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catalog or registry. (Future OGC Web Services may implement the workflow-managed (or transl ucent)
chaining pattern the in which the Human user invokes a Workflow Management service that controls the
chain and the user is aware of theindividual services.)

Symbols
. OperationO- ZI\_\
ﬂsf:;l'g(;f Service P Generalization
GetCap abilities O——
OGC Web
Service

L

1 1 1 1
Web Web Web Web
Registry Map Feature Coverage
Server Server Server Server
i GetDescriptor GetMap l l GetFeature  GOetCoverage
RegisterService GetFeaturelnfo DescribeFeatureType
1
Styled Layer
Descriptor Transaction ]
WMS WebFeature
(L Server GeoCoder
DescribeLayer
LockFeature
Trans action GeocodeFeature

Figure 4.1 - OGC Web Services Architecture diagram.

Each service is described briefly in the following subsections. These descriptions are merely informational;
refer to the individual specification documents for complete and normative detail. Note that the only
operation common to all servicesis GetCapabilities. GetCapabilitiesis specified normatively in this
document (Section 6). In brief, that operation allows a Client to request Extensible Markup Language
(XML)[9] documents containing detailed metadata describing the services offered by a particular provider.

Each service has several required operations, but it is not required that the same software or internet host
computer implement all of them. For example, a WMS may offer GetMap directly but allow its
GetCapabilities response to be handled by another machine on its behalf. The service metadata in
Capahilities XML includes distinct online resource addresses (e.g., HTTP URLS) for each service offered.
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Thereis no requirement in this specification dictating the format or content of those URLS; rather, this
document describes only the packaging of the query parameters that must be appended to the service URL.

4.1.2 Service Taxonomy

The services provided in 1P2000 (WMT?2 and GFS) are shown in Table 4.1 in the corresoponding categories
of the Service Taxonomy provided in 1SO 19119.

Geospatial Service Taxonomy [ P2000 Services

Human Interaction Services WMS Viewer Client Generator

Model/Information Management Web Map Service

Services
Web Coverage Service
Web Feature Service
Web Registry Service
Gazetteer service
Workflow/Task Services. (none in 1P2000)

Processing Services:

- Processing services — spatial (none in 1P2000)

- Processing services—thematic | (nonein IP2000)

- Processing services—temporal | (nonein IP2000)

- Processing services— Geoparsing service
associations
Geocoding service

Geolinking service

- Processing services— metadata | (nonein IP2000)

Communication Services GML Encoding service

System Management Services (none in 1P2000)

Table 4.1 - Applying 1SO 19119 Taxonomy to 1P2000
This table can be considered an instance of a Services Organizer Folder (SOF) as defined in 1SO 19119,

although an SOF has not been defined in WMT 2as an existing data type. An SOF provides a bag of service
identifiers, where the identified services are grouped to support a given task or project.
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4.2 Web Map Server

4.2.1 WM S Description

A Web Map Server (WMS) generates "pictures’ of georeferenced data. Independent of whether the
underlying data are simple features (such as points, lines and polygons) or coverages (such as gridded
fields), the WMS produces an image of the data that can be directly viewed in a graphical web browser or
other picture-viewing software. A WMS labelsits data as one or more "Layers,” each of which is available
in one or more "Styles." Upon request a WM S makes an image of the requested Layer(s), in either the
specified or default rendering Style(s). The image request, called GetMap, indicates the Spatial Reference
System (SRS) and Bounding Box of the portion of the Earth to be mapped, and the output width, height and
format of the picture. Typical output formats include Portable Network Graphics (PNG), Graphics
Interchange Format (GIF), Joint Photographic Expert Group format (JPEG), Tagged Image File Format
(TIFF), etc. When the data do not cover the entirefield of view (such as a network of roads that includes the
space between the roads), the background can be made transparent in some output formats.

A Viewer Client (VC) can issue GetMap requests for different mapsto several independent Map Servers. If
each map has the same geographic area and physical dimensions, and if their backgrounds are transparent,
then they can be overlaid in a single window to produce a combined map. For example, server A might
produce a topography image, server B amap of rivers and lakes, and server C a map of watershed
boundaries. Each server maintains the type of data in which it specializes, but the end user can obtain a
combined presentation of the three Layers.

4.2.2 WM S Operations

A WMS may offer the following operations:
- GetCapabilities (required)

- GetMap (required)

- GetFeaturelnfo (optional)

4.2.3 SLD-Enabled WM S

WMT2 considered an extension of atraditional map server called a Styled Layer Descriptor (SLD) Map
Server. Instead of generating maps of particular named layersin one ore more predefined styles, an SLD
Map Server extracts features from a WFS and renders them using a stylistic description encoded in XML.

See the Styled Layer Descriptor specification[19] for more details.

An SLD WMS offers the following operations:

- GetCapabilities (required)
- GetMap (required)
- DescribelLayer (required)
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4.2.4 Graphic Elements

WMT1 considered a case intermediate between the WM S and the WFS: the "Graphic Element Case.” It
assumes that a server containing feature data can package the data as a set of individual e ements, typically
in a projected reference system and with defined symbolization for geographic features, which could be
directly rendered on a display device. Possible output formats include Postscript (PS), Scalable Vector
Graphics (SVG), or Web Computer Graphics Metafile (WebCGM). Thus, while a map image from aWMS
has a fixed size, a Graphic Element is resol ution-independent and can be resized on the fly. Output formats
such as PS, SVG and WebCGM are included as options in the WM S1 and WM S2 specifications, but little
actual use has been made of them.

4.3 Web Feature Server

4.3.1 WFS Description

A Web Feature Server (WFS)[20] offers access to the geographic features (points, lines, polygons) in a data
store. A "basic” or "read-only" WFS implements operations to describe and retrieve features, while a
"transaction” WFS also implements operations to lock and modify (create, update, delete) features. A WFS
Client can query the server to obtain desired features encoded as GML, display them for the user, and
possibly modify them. A query isin the form of a Filter which constrains which features are returned. The
ramifications of accessing a rich database of Features are considerable, and several interrelated
specifications have emerged from this work: Geographic Markup Language, Web Feature Specification,
Filter Encoding Specification, Feature Identifier Specification, and Transaction Encoding Specification.

4.3.2 WFS Operations

A WFS may offer the following operations:

- GetCapabilities (required)

- DescribeFeatureType (required)

- GetFeature (required)

- LockFeature (required for Transaction WFS)
- Transaction (required for Transaction WFS)

4.4 Web Coverage Server

4.4.1 WCS Description

A Web Coverage Server (WCS)[21] offers access to the actual numeric values of gridded georeferenced data
or imagery. (Other, more sophisticated types of coverages are not addressed in theinitial WCS spec.) A
WCS client can issue a GetCoverage request to obtain these numeric values for further processing or
rendering on behalf of the user. A WCS offers one or more Layers, just likea WMS, but does not render
them for the user and therefore does not offer Styles.  GetCoverage includes the desired SRS, Bounding
Box, and output format, but does not include a Width or Height because these apply only to images.

Possible output formats include GeoTIFF, NASA's Hierarchical Data Format implementation for the Earth
Observing System (HDF-EQS), and an extension of GML for Coverages that has been proposed to allow
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XML encoding of metadata about the coverage object and numeric values either stored inline or referenced
by link to an external file.

A simple WCS Client can issue GetCoverage requests and pass the resulting geodata object to a hel per
application for processing and display. A more sophisticated client, or a helper application that has been
retrofitted with the ability to invoke GetCoverage, can handle requests and rendering itself.

4.4.2 WCS Operations

A WCS may offer the following operations:
- GetCapabilities (required)
- GetCoverage (required)

4.5 Web Registry Server

4.5.1 WRS Description

A Web Registry Server (WRS)[22] is acatalog of OGC Web Services. Itisa"stateless’ catalog in that it
relies on the single request/single response mechanisms of the HT TP distributed computing platform. A
WRS supports registration, metadata harvesting and descriptor ingest, push and pull update of descriptors,
and discovery of OGC Web Service types and instances.

4.5.2 WRS Operations

A WRS may offer the following operations:
- GetCapabilities (required)

- GetDescriptor (required)

- RegisterService (required)

4.6 GeoCoder
4.6.1 GeoCoder Description

4.6.2 GeoCoder Operations

- GetCapabilities

- GetFeature

- GeocodeFeature

- DescribeFeatureType
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5 GENERAL RULES (NORMATIVE)

5.1 Verson Numbering and Negotiation

5.1.1 Version Number Form

The specification version number contains up to three positive integers, separated by decimal points. The
following forms are possible: "x", "x.y", or "x.y.z". Each specification (WMS, WFS, etc.) is numbered
independently.

5.1.2 Version Changes

A particular specification's version number shall be changed with each revision. The number shall increase
monotonically and shall comprise no more than three integers separated by decimal points, with the first
integer being the most significant. There may be gaps in the numerical sequence. Some numbers may
denote experimental or interim versions. Service instances and their clients need not support all defined
versions, but must obey the negotiation rules below.

5.1.3 Appearancein Requestsand in Service M etadata

The version number appearsin at least two places: in the Capabilities XML describing a service, and in the
parameter list of client requests to that service. The version number used in a client's request of a particular
service instance must be equal to a version number which that instance has declared it supports (except
during negotiation as described below). A service instance may support several versions, whose values
clients may discover according to the negotiation rules.

5.1.4 Negotiation Rules

In response to a GetCapabilities request containing a version number, an OGC Web Service mugt either
respond with output that conforms to that version of the specification, or negotiate a mutually agreeable
version if the requested version is not implemented on the server. If no version number is specified in the
request, the server must respond with the highest version it understands and label the response accordingly
(for those output formats which include a protocol version number field, such as Capabilities XML).

Version number negotiation occurs as follows:

If the server implements the requested version number, the server must send that version.

If aversion unknown to the server isrequested, the server must send the highest version less than the
requested version and label it accordingly.

2b) If the client request isfor a version lower than any of those known to the server, then the server must
send the lowest version it knows and label it accordingly.

If the client does not understand the new version number sent by the server, it may either cease
communicating with the server or send a new request with a new version number that the client does
understand but which isless than that sent by the server (if the server had responded with alower version).

3b) If the server had responded with a higher version (because the request was for a version lower than any
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known to the server), and the client does not understand the proposed higher version, then the client may
send a new request with aversion number higher than that sent by the server.

The processis repeated until a mutually understood version isreached, or until the client determines that it
will not or cannot communicate with that particular server.

Example A: server understandsversions 1, 2, 4, 5and 8. Client understands versions 1, 3, 4, 6, and 7.
Client requests version 7. Server respondswith version 5. Client requests version 4. Server responds with
version 4, which the client understands, and the negotiation ends successfully.

Example B: server understands versions 4, 5 and 8. Client understands version 3. Client requests version
3. Server responds with version 4. Client does not understand that version or any higher version, so
negotiation fails and client ceases communication with that server.

5.2 General HTTP Request Rules

At present, the only distributed computing platform (DCP) explicitly supported by OGC Web Servicesisthe
World Wide Web itself, or more specifically Internet hosts implementing the Hypertext Transfer Protocol
(HTTP)[8]. Thusthe Online Resource of a service instance isan HTTP Uniform Resource Locator (URL).
This URL must conform to the description in RFC 2616 (Section 3.2.2 "HTTP URL") [8] but is otherwise
implementation-dependent; only the parameters comprising the service request itself are mandated by the
OGC Web Services specifications.

HTTP supports two request operations: GET and POST. One or both of these operations may be defined for
a service type and offered by a service instance, and the use of the Online Resource URL differsin each case.

521HTTPGET

When issuing a service request using HTTP GET, a client uses the Online Resource URL as a prefix to
which request parameters are appended according to the HTTP Common Gateway Interface (CGl)
standard[17]: the URL isfollowed by a question mark character ("?') and by one or more valid name/value
pairsin the form "name=value" separated by the ampersand character ("&"). Aswith all CGI applications,
the query URL is encoded[12] to protect special characters.

Table 5.1 summarizes the components of a service request URL.

URL Component Required/ Description
Optional/
Experimental
http://server_address/path/script R URL prefix of service online resource.
? R Separator between prefix and query.
VERSION=version R Request version (required except as described
under Version Negotiation, above).
REQUEST=service_type R Request name.
UPDATESEQUENCE=number 0] The update sequence number of the service
metadata used to formul ate this request (allows
cached metadata to be used).
PARAMETER=value R, O E Standard request parameters (number and type

dependent on particular request).
VSP =value 0] Vendor-specific parameters.
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& R Separator between name=value pairs.

Table 5.1 - A general OGC Web Service Request

5.2.2HTTP POST

When issuing a service request using HTTP POST, a client uses the Online Resource as a complete URL to
which request parameters, encoded as XML, are transmitted. The details of the XML encoding differ for
each request type, but in all cases parameter names are XML elements while values are XML character data
(CDATA) or attributes.

This document describes general HTTP GET syntax; the POST syntax (if available) may be found in the
applicable service specification document.

5.3 General HTTP Response Rules

Upon receiving a valid request, the service must send a response corresponding exactly to the request as
detailed in the appropriate specification. Only in the case of Version Negotiation (described above) may the
server offer adiffering result.

Upon receiving an invalid request, the service must issue a Service Exception as described bel ow.

As a practical matter, in the WMAV environment a client should be prepared to receive either a valid result,
or nothing, or any other result. Thisis because the client may itself have formed a non-conforming request
that inadvertently triggered a reply by something other than an OGC Web Service, because the Service
itself may be non-conforming, etc.

Response objects must be accompanied by the appropriate MIME type[11] for that object. For Capabilities
XML, thetypeis"text/xml." For Service Exception, the type depends on the requested output format (see
Section 5.6). All others are defined el sawhere.

Response objects should be accompanied by other HTTP entity headers as appropriate and to the extent
possible. In particular, the Expires and Last-Modified headers provide important information for caching;
Content-Length may be used by clients to efficiently all ocate space for results, and Content-Encoding or
Content-Transfer-Encoding may be necessary for proper interpretation of the results.

5.4 Service Request Parameters

5.4.1 Parameter Ordering and Case

Parameter names shall not be case sensitive, but parameter values shall be case sensitive.
Parametersin aregquest may be specified in any order.

An OGC Web Service must be prepared to encounter parameters that are not part of this specification. In
terms of producing results per this specification, an OGC Web Service shall ignore such parameters.

5.4.2 Parameter Lists

Parameters consisting of lists (for example, the LAYERS and STYLES in WMS GetMap) must use the

comma (",") asthe separator between itemsin the list. Additional white space must not be used to delimit
list items.
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List items may be empty.

5.4.3 VERSION

VERSION=version specifies the protocol version number. The format of the version number, and version
negotiation, are described in Section 5.1.

5.4.4 REQUEST =service type

REQUEST indicates which service operation is being invoked, and must either have the value
"GetCapabilities' or an operation name defined by OGC Web Services.

5.4.5 UPDATESEQUENCE=number

UPDATESEQUENCE isan optional parameter that isretrieved from the capabilities document by the
client. It is envisaged that this number will be atimestamp. If the current capabilities document has a larger
updateSequence number the Service may return an exception (with code = "ExpiredUpdateSequence”).

5.4.6 FORMAT

This parameter specifies the output format of the response to an operation.

An OGC Web Service may offer only a subset of the formats known for that type of service, but the server
shall advertise those formats it does support and must accept requests for any format it advertises. A
Service Instance may optionally offer a new format not previoudly offered by other instances, with the
recognition that clients are not required to accept or process an unknown format. If a request contains a
Format not offered by a particular server, the server must throw a Service Exception (with code
"InvalidFormat")

A Client may accept only a subset of the formats known for that type of service. If a Client and Service do
not support any mutually agreeable formats, the Client may, at its discretion, cease communicating with that
service, or search for an intermediary service provider that performs format conversion, or allow the user to
choose other disposition methods (e.g., saving to local storage or passing to helper application).

Experimental: Possible allowed values are enumerated in the Operations section of the Capabilities XML
describing a service.

Experimental Change from WMS 1.0: Previously, known formats were enumerated in a
%KnownFormats entity in the Capabilities XML DTD.

5.4.7 EXCEPTIONS=exception_format

The format in which to report errors. See Section 5.6 on Service Exceptions, below.

5.4.8 SRS

The Spatial Reference System (SRS) is atext parameter that names a horizontal coordinate reference system
code. The name includes a namespace prefix, a colon, a numeric identifier, and possibly a comma followed
by additional parameters. This specification defines two namespaces, EPSG and AUTO, which are defined

bel ow.
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OGC Web Services are not required to support all possible SRSes, but shall advertisein their Capabilities
XML those projections which they do offer and must accept requests for all advertised projections. If a
regquest contains an SRS not offered by a particular server, the server must throw a Service Exception (code
="InvalidSRS").

Clients are not required to support all possible SRSes. If a Client and Service do not support any mutually
agreeable SRS, the Client may, at its discretion, cease communicating with that service, or search for an
intermediary service provider that performs coordinate transformations, or allow the user to choose other
disposition methods.

5.4.8.1 EPSG Namespace for SRS

The EPSG namespace makes use of the European Petroleum Survey Group tables [13], which define
numeric identifiers (the EPSG "horiz_cs' code) for many common projections and which associate
projection or coordinate metadata (such as measurement units or central meridian) for each identifier. For
example, EPSG code 4326 refers to WGS84 | atitude/l ongitude coordinates in degrees with Greenwich asthe
central meridian. An SRS namein the EPSG namespace includes only the prefix and the identifier (e.g.,
"EPSG:4326"). Thisformat isused both as the value of the SRS parameter in a service request and as the
value of an <SRS> element in the Capabilities XML.

5.4.8.2 AUTO Namespace for SRS

The AUTO namespace is used for "automatic" projections; that is, a class of projections that includes an
arbitrary central meridian [14]. An SRS namein the AUTO namespace includes an identifier, a code
indicating what units are to be used for bounding boxes in that SRS, and values for the central longitude and
latitude: "AUTO:wm_id,epsg_units,lon,lat". wm_id isone of the projection IDs defined by this specification
in [14]; epsg_unitsis one of the EPSG-defined [13] numbers for units, and lon,lat are longitude,latitude in
decimal degrees. For example,

"AUTO:42003,9001,-100,45" is auto orthographic projection, bounding box in meters, center at 100 West,
45 North. In addition to the Auto Orthographic projection, Auto UTM (Universal Transverse Mercator),
Auto Transverse Mercator (with the given central meridian), and Auto Equirectangular (which uses the
given central latitude to scale the X axis) are defined. See reference [14] for additional details.

In arequest for a georeferenced map or data, the complete AUTO SRS is specified including latitude,
longitude, and units. In Capabilities XML, the latitude, longitude, and units variables are omitted.

5.4.8.3 Undefined SRS

A Server may offer geographic information whose precise spatial reference is undefined. For example, a
digitized collection of hand-drawn historical maps may represent an area of the Earth but not employ a
modern coordinate system. In such case, the value "NONE" must be used when declaring the SRS of such a
collection or object. Clients should not attempt to overlay information whose SRS=none with other
information.

5.4.9 BBOX

The Bounding Box (BBOX) is a set of four comma-separated decimal, scientific notation, or integer values
(if integers are provided where floating point is needed, the decimal point is assumed at the end of the
number). These values specify the minimum X, minimum Y, maximum X, and maximum Y ranges, in that
order, expressed in units of the SRS of the request such that a rectangular area in the units of the SRSis
defined. Wherethe SRS units are not units of linear measure but are expressed in latitude and longitude, X
istaken to mean Longitude and Y istaken to mean Latitude. The four bounding box values indicate the
outside edges of arectangle, asin Figure 5.1: minimum X isthe left edge, maximum X the right, minimum
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Y the bottom, and maximum Y the top. The relation of the BBOX to the image pixdl matrix is shown in the
figure: the bounding box goes around the "outside” of the pixels of the image rather than through the centers
of the border pixels. In this context, individual pixels have an area.

Each pixel covers
an area on the ground

Maximum Y —, Pixel matrix of an image /
v
MinimumyY — /
Mini X Maxi X
mnimum BBOXedge aximum

Figure 5.1 - BBOX representation

A BBOX should not have zero area.

If arequest contains an invalid BBOX (e.g.., one whose minimum X is greater than or equal to the
maximum X, or whose minimum Y is greater than or equal to the maximum Y) the server may throw an
exception.

If arequest contains a BBOX whose area does not overlap at al with the BoundingBox advertised in the
Capahilities XML for the requested geodata object, the server should return empty content (e.g., a blank
map, empty coverage file, null feature set) for that element. Any elementsthat are partly or entirely
contained in the BBOX should be returned in the appropriate format.

If the BBOX values are not defined for the given SRS (e.g., latitudes greater than 90 degreesin
EPSG:4326), the server should issue a Service Exception (code = "InvalidBoundingCoordinates’.

5.4.10 Additional PARAMETER=value pairs
All service requests except GetCapabilities require additional parameters to unambiguoudly state what result

to construct. For example, a GetMap request includes the desired size of the map image. Each OGC Web
Service specification indicates the relevant parameters for its operation(s).

5.4.11 Vendor-Specific Parameters
Finally, the requests allow for optional vendor-specific parameters (V SPs) which will enhance the results of

arequest. Typically, these are used for private testing of non-standard functionality prior to possible
standardization. A generic client is not required or expected to make use of these VSPs.
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An OGC Web Service must produce avalid result even if VSPs are missing or malformed (i.e., the Service
shall supply a default value), or if VSPs are supplied that are not known to the Service (i.e., the Service
shall ignore unknown parametersin the URL).

An OGC Web Service may choose not to advertise some or al of its VSPs. Clients may read the internal
DTD and formulate requests using any V SPs advertised therein.

Vendors should choose parameter names with care when defining vendor-specific parameters to avoid name
clashes with standard parameters.

Experimental: An OGC Web Service may declare V SPs within the Operations section of its Capabilities
XML. All VSPs must be declared optional in the Operations metadata.

Experimental Change from WMS 1.0: Previously, Vendor Specific Parameters were
defined within an internal DTD section of the Capabilities XML response.

5.5 Service Result

The return value of a Service request shall be the same as the type requested in the FORMAT parameter. In
an HTTP environment, the MIME type of the returned value shall correspond to the return value unless
thereisno MIME type for that value. If a Service Exception occurs, the return type shall instead be that
specified in the EXCEPTIONS parameter.

5.6 Service Exceptions

Upon receiving arequest which isinvalid according to the rules of the Distributed Computing Platform
(DCP) in use, the service may issue an exception of atype valid in that DCP (e.g., in the HTTP DCP, if the
URL itself iswrong an HTTP 404 error code is sent).

Upon receiving a request which isinvalid according to the relevant OGC Web Services specification, the
service must issue a Service Exception as defined here. The Exception is meant to describe to the client
application or its human user the reason(s) that the request isinvalid

The EXCEPTIONS parameter in arequest dictates how a Service instance shall behave if it encounters an
error. Theerror can be due to a malformed request or to other circumstances. However, Services should
attempt to describe the problem using the Exception format given in the request.

The only value of the EXCEPTIONS parameter that is defined for all OGC Web Servicesis"SE_XML,"
which means " Service Exception XML." Particular services may define other formats; for example, aWMS
may offer to write the text of the error message in an image viathe "INIMAGE" format.

Note that a client should also be prepared for other returned values and types since there is a possibility
that the Service instance is poorly behaved or that a request was directed at a non-compliant OGC Web
Service.

5.6.1 SE_XML format

If an exception occurs, the server is asked to respond with an XML document described by the Service
Exception DTD in Appendix A.3. In an HTTP environment, the MIME type of the returned XML must be
"text/xml". Specific error messages can be included either as chunks of plain text or as XML-like text
containing angle brackets ("<" and ">") if included in a character data (CDATA) section as shown in the
example of Service Exception XML in Appendix A.3.1.

OpenGIS Consortium Discussion Paper #01-022r1 2001-03-06 PAGE 20



Basic Services Modd Draft Candidate Implementation Specification 0.0.8

Service Exceptions may include error codes as specified. Services shall not use these codes for purposes
other than those specified. Specific service interface specifications will define the content and meaning of
additional Exception Codes. Clients may use these codes to automate responses to Service Exceptions.

The specific codes and semantics of allowed exceptions may be extended by each specification.

6 THE GETCAPABILITIES OPERATION (NORMATIVE)

A critical requirement for interoperability isthat each service describe itself in a standardized fashion. All
OGC Web Services must offer service metadata packaged in an Extensible Markup Language (XML)
document. The GetCapabilities operation is used to request this metadata.

6.1 General

The GetCapabilities operation is designed to provide clients of OGC Web Services with a machine-readable
description of particular service instances. The description includes general information about the service,
what operations that service supports, and what content it offers.

An OGC Web Service instance must either implement the GetCapahilities operation or ensure that there
exists another web server that provides the Capabilities response on the Service' s behalf. If thereisno
means of a client accessing the capabilities XML, then the service instance is not a conforming OGC Web
Service.

Internally, the Service may choose either to generate the GetCapahilities response dynamically or to return a
static XML file in response to the GetCapabilities request.

6.2 GetCapabilities Request

The operation has two input parameters — the request name and the request version. Table 6.1 shows the
parameters of a GetCapabilities request.

Request Parameter Required/ Description
Optional/
Experimental
REQUEST=GetCapabilities R Request name
SERVICE=service R Servicetype
VERSI ON=version 0] Request version

Table 6.1 - The parameters of a GetCapabilities Request.

6.2.1 GetCapabilities Request Parameters

6.2.1.1 VERSION

This parameter is discussed in the Service Request Parameters section, above. It isoptional to allow version
negotiation as described earlier, but should be specified by clients wishing to receive a particular version.
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6.2.1.2 REQUEST

This nature of this parameter is specified in the Basic Services Model document. For the GetCapabilities
operation, the value "GetCapabilities’ must be used.

Change from WMS 1.0: The value of this parameter was previously "capabilities".

6.2.1.3 SERVICE

This experimental parameter indicates the type of Service for which Capabilitiesinformation is requested. It
allows the same interface (e.g., the same URL prefix) to offer several different services. The allowed values
areasfollows:

- WMS (describe WMS at thisinterface)
- WEFS (describe WFS at this interface)
- WCS (describe WCS at this interface)
- LIST (list only the available services at this interface)
Change from WMS 1.0: SERVICE is a new parameter.

6.3 GetCapabilities Response - DTD (Normative)

The Service Metadata output shall be in the form of XML, which must be valid against the XML Document
Type Definition (DTD) defined by the appropriate service's interface specification. At present, each service
type offersits own version of Capabilities XML. An eventual goal isto bring these disparate XML
responses into a common framework as defined in the following Experimental section.

The service metadata schema provided below in XML is an implementation of the abstract model for service
metadata provided in 1SO 19119 Geographic Information — Services.

6.4 GetCapabilities Response - Schema (Experimental)

The Service Metadata output shall be in the form of XML, which must be valid against the XML Schema
defined for the SERVICE named in the request. The Service List Schemais defined in Appendix A.2,
below. The Schema for a particular service includes a Service-Independent part discussed below and
defined in Appendix A.1, followed by a Service-Specific part defined in the relevant specification document.

Change from WMS 1.0: Previously, an XML Document Type Definition (DTD) was used
instead of XML Schema to specify the structure of Capabilities XML.

There may exist several numbered versions of each service's XML Schemas; the version to return depends
on the value of the VERSION parameter and on the version negotiation rules discussed above.

If the GetCapabilities request does not return XML which can be validated against the appropriate Schema,
then the Service instance is not a conforming OGC Web Service. If thereis no means of a client accessing
the Capabilities XML, then the Service instance is not a conforming OGC Web Service.

The MIME type [11] of the returned XML shall be "text/xml". (Note that text/xml is favored over
application/xml by RFC 2376 [16] when the content of the message is mainly plain text [e.g., no 16-bit
chars, but with HTTP even 16-bit Unicode (UTF-16) is permitted].)
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6.3.1 Basic Service M etadata and Service-Specific M etadata

The structure of OGC Web Services metadata includes three components: a section of basic service metadata
that isrelevant for all services, and two sections of additional metadata specific to that type of service.

Those two sections describe the operations and content available from a particular service. The basic service
metadata has the structure defined by the XML Schemain Appendix A.1. An actual service will defineits
own Schema, which will begin with the contents of the basic service Schema and add elements as necessary.
The basic service metadata can be thought of as an abstract class which isinherited and extended by actual
services. The abstract elements for which each service is expected to define valid values include the
following common elements.

6.3.1.1 Service

The <service> section of the Capahilities XML provides general information about an OGC Web Service.
The content includes (but is not limited to) such elements as:

- typeof service offered (using a vocabulary of types defined by OGC)
- human-readabletitle of the service

- abstract and keywords providing further description

- point of contact information

- accessredtrictions involving payment, security, or usage, if any.

6.3.1.2 Operations

The <operations> section of the Capabilities XML provides detailed information about the particul ar
operations available from this service instance. One or more operations are listed; for each, information
including (but not limited to) the following is provided:

- name of the operation
- human-readable description
- list of one or more request parameters

- for each parameter, possible lists of valid values or an indication of where such values may be found in
the Content section.

The Operations section may contain pointers into the Content section, as described bel ow.

6.3.1.3 Content

The <service> section of the Capahilities XML holds information describing the geodata exposed by the
OGC Web Service instance. For example, a WFS exposes a collection of features, while a WMS exposes
map layers.

Where "feature types' are referenced the feature type reference will be the URI of a network addressable

feature schema. If the identifier isan unqualified identifier then its schema will be available via a
DescribeFeatureType request.

6.3.2 Pointers from Operationsto Content
The Operations metadata may include references to the Content section that indicate where valid parameter

values may be found. The syntax for such pointersis taken from the XPath specification [18] from the
World Wide Web Consortium. All pointers start with "/content"” to indicate that the <content> section is
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being referenced. Following that are one or more names of e ements found in the <content> XML in order
of their appearancein the XML tree. For example, the pointer "/content/subel ement/subsub” refers to the
content any <subsub> element which isa child of a <subelement> which is a child of <content>:
<cont ent >
<subel enment >
<subsub>Tar get of reference</subsub>

</ subel enent >
</ cont ent >

[what about attribute values, or target elements containing other elements?]

6.3.3 Quality of service

QUALITY isan optional Operation parameter that a consists of alist of available "quality of service"
options for a service instance. The available quality of service options are defined in a <QOSOptions>
element within the <content> metadata. Each QOS option contains the subel ements Name, Title and
Abstract, all of which are defined by the service instance. Name defines the parameter values which can be
encoded in the operation request. Title provides a human-readable short title for such alist. Abstract will
contain human-readable text which can be used to provide an explanation of the nature of the quality
differences. Additional e ements can be defined by particular services.

For example, consider an address geocoder. In the Operations metadata, the following might be included.
This portion would be identical for all service instances.

<par anmet er repeatabl e="true" optional ="yes" direction="in">
<par amet er Nane>
<naneVal ue>QUALI TY</ naneVal ue>
<nameNaneSpace>0GC</ naneNaneSpace>
</ par anmet er Name>
<par anet er Type type="string" />
<perm ttedVal ues>
<cont ent | nst ance type="extend">/ cont ent/ Q0SOpt i ons/ QOS/ Nane</ cont ent | nst ance>
</ perm ttedVal ues>
</ par anmet er >

In the Content metadata, the service instance would define specific QOS options within the following
structure:

<QOSOpt i ons>
<Qos>

<Name>EXACT</ Nane>

<Titl e>Fi nd exact matches</Titl e>

<Abstract>A match is nade if street number is found in the range of nunbers on a street
with an identical name within the specified ZI P code</ Abstract>
</ QOS>

<Qos>

<Name>FUZZY</ Nane>

<Titl e>Find close matches</Title>
<Abstract>If no exact match for a street name is found, similar names within the same Zp
Code are tested to see if they contain the street nunmber w thin the address
range. </ Abstract >
</ QOS>
</ QOSOpt i ons>
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APPENDIX A: XML DTDSAND SCHEMA

This annex contains XML Schema and sample XML for Service-Independent Metadata, the Service List
Response, and Service Exceptions. The Service Exceptions section is Normative, others are Experimental.

A.1 Basic Service M etadata Schema (Experimental)

<?xm version="1.0" encodi ng="UTF 8" ?>
<l-- edited with XM. Spy v3.5 (http://ww.xm spy.con) by John Evans (private) -->
<! --WBC Schema generated by XML Spy v3.5 (http://ww. xm spy. com)- - >
<xsd: schema xm ns: xlink="http://ww.w3. org/ 1999/ xl i nk"
xm ns: xsd="http://ww. w3. or g/ 2000/ 10/ XM_Schema" el enent For nDef aul t ="qual i fi ed" >
<xsd:inmport namespace="http://ww. w3. org/ 1999/ xl i nk"
schemaLocati on="http://ww. opengi s. net/ nanmespaces/ gm / core/ xl i nks. xsd"/ >
<xsd: el enent name="0GC_Web_Service">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement nane="service">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nanme="servi ceType">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="nameVal ue"/>
<xsd: el enent ref="nanmeNaneSpace"/>
</ xsd: sequence>
</ xsd: conpl exType>

</ xsd: el ement >

<xsd: el enent name="title" type="xsd:string"/>

<xsd: el enent nanme="abstract" type="xsd:string" m nCccurs="0"/>

<xsd: el enent nanme="keywords" mi nCccurs="0">
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<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent name="keyword" type="xsd:string" m nCccurs="0"
maxQOccur s="unbounded"/ >
<xsd: el enent nanme="t ypeCode" m nCccurs="0">
<xsd: conpl exType>
<xsd: attri bute name="KeyType" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd: NMTOKEN' >
<xsd: enuneration val ue="di sci pline"/>
<xsd: enuneration val ue="pl ace"/>
<xsd: enureration val ue="stratuni/>
<xsd: enuneration val ue="t enporal "/ >
<xsd: enureration val ue="t hene"/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd: attribute>
</ xsd: conpl exType>
</ xsd: el enent >
<xsd: el enent nanme="t hesaurusNane" type="xsd:string" m nCccurs="0"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el enent name="1i nkage" xlink:sinpleLink=""/>
<xsd: el enent nanme="poi nt Of Cont act ">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nanme="i ndi vi dual Nane" type="xsd:string" m nQOccurs="0"
maxQOccur s="unbounded"/ >
<xsd: el enent nanme="organi sati onName" type="xsd: string" m nCccurs="0"
maxQOccur s="unbounded"/ >
<xsd: el enent nanme="positi onName" type="xsd:string" m nCccurs="0"
maxQOccur s="unbounded"/ >
<xsd: el ement nane="contact|nfo" m nCccurs="0" nmaxCOccur s="unbounded" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nanme="phone" m nCccurs="0">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nanme="voice" type="xsd:string" m nOccurs="0"
maxQOccur s="unbounded"/ >
<xsd: el enent nanme="facsiml|e" type="xsd:string" mnCccurs="0"
maxQOccur s="unbounded"/ >
<xsd: el enent name="ot her" type="xsd:string" m nOccurs="0"
maxQOccur s="unbounded"/ >
<xsd: el enent name="ot her Type" type="xsd:string" m nOccurs="0"
maxQOccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el ement nane="address" m nCccurs="0">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nanme="del i veryPoi nt" type="xsd:strirmg" m nCccurs="0"
maxQOccur s="unbounded"/ >
<xsd: el enent name="city" type="xsd:string" mnOccurs="0"/>
<xsd: el enent nanme="adm ni strati veArea" type="xsd:string"
m nCccurs="0"/>
<xsd: el enent nanme="postal Code" type="xsd:string" mnOccurs="0"/>
<xsd: el enent name="country" type="xsd:string" m nCccurs="0"/>
<xsd: el enent nanme="el ectroni cMai | Addr ess" type="xsd: string"
m nOccurs="0" maxCccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el enent nanme="onLi neResource" type="xsd:string" m nOccurs="0"/>
<xsd: el enent name="hour sOf Servi ce" type="xsd:string" m nOccurs="0"/>
<xsd: el enent name="contactlnstructi ons" type="xsd:string"
m nCccurs="0"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
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<xsd: el enent nanme="accessProperties" mnOccurs="0">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent name="fees" type="xsd:string" mnOccurs="0"/>
<xsd: el enent nanme="pl annedAvai | abl eDat eTi ne" type="xsd:string"
m nCccurs="0"/>
<xsd: el enent nanme="orderingl nstructions" type="xsd:string" m nCccurs="0"/>
<xsd: el enent nanme="turnaround" type="xsd:string" mnOccurs="0"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el enent nanme="1egal Constrai nts" m nCccurs="0">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="useLimtation" m nCccurs="0" naxCccurs="unbounded"/>
<xsd: el enent nanme="propertyRi ghtsCode" m nOccurs="0" maxOccur s="unbounded" >
<xsd: conpl exType>
<xsd:attribute nane="Restrict" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd: NMTOKEN' >
<xsd: enuneration val ue="copyright"/>
<xsd: enuneration val ue="patent"/>
<xsd: enurer ati on val ue="pat ent Pendi ng"/ >
<xsd: enureration val ue="license"/>
<xsd: enuneration value="intell ectual PropertyRi ghts"/>
<xsd: enuner ation val ue="tradenark"/ >
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd: attribute>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el ement nane="useConstrai nt sCode" m nCccurs="0" maxQOccurs="unbounded" >
<xsd: conpl exType>
<xsd:attribute nane="Restrict" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd: NMTOKEN' >
<xsd: enuneration val ue="copyright"/>
<xsd: enuneration val ue="patent"/>
<xsd: enuner ati on val ue="pat ent Pendi ng"/ >
<xsd: enureration val ue="license"/>
<xsd: enuneration value="intell ectual PropertyRi ghts"/>
<xsd: enuner ation val ue="tradenark"/ >
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el enent nanme="ot her Constrai nts" type="xsd:string" m nCccurs="0"
maxQOccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el enent nanme="securityConstraints" m nCccurs="0">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="useLimtation" m nCccurs="0" nmaxCccur s="unbounded"/>
<xsd: el ement nane="cl assi fi cati onCode" mi nCccurs="0">
<xsd: conpl exType>
<xsd:attribute nane="Cl assification" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd: NMTOKEN' >
<xsd: enuner ati on val ue="uncl assi fied"/>
<xsd: enurer ati on val ue="codeWrd"/>
<xsd: enuner ation val ue="confidential"/>
<xsd: enuneration val ue="secret"/>
<xsd: enuneration value="restricted"/>
<xsd: enuneration val ue="topsecret"/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd: attribute>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el enent nanme="user Not e" type="xsd:string" m nCccurs="0"/>
<xsd: el enent nanme="cl assificationSysten type="xsd:string" m nCccurs="0"/>
<xsd: el enent nanme="handl i ngDescri ption" type="xsd:string" m nOccurs="0"/>

OpenGIS Consortium Discussion Paper #01-022r1 2001-03-06 PAGE 27



Basic Services Modd Draft Candidate Implementation Specification 0.0.8

</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el enent nanme="operations">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nanme="operati onMet adata" m nCccurs="0"
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nanme="operati onNane" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="nameVal ue"/>
<xsd: el enent ref="nameNanmeSpace"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el ement nane="content">
<xsd: conpl exType/ >
</ xsd: el ement >
</ xsd: sequence>

<xsd:attribute nane="version" type="xsd:string" use="fixed"
<xsd: attribute nane="updat eSequence" type="xsd:string" use="default"

</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el enent nanme="nanmeNameSpace" type="xsd:string"/>
<xsd: el enent name="naneVal ue" type="xsd:string"/>
<xsd: el enent name="useLi m tation" type="xsd:string"/>
</ xsd: schema>

maxQccur s="unbounded" >

A.1.1 Basic Service Metadata XM L Example (Experimental)

<?xm version='"1.0" encodi ng="UTF 8" standal one="no" ?>
<! DOCTYPE OGC Web_Servi ce SYSTEM
"http://ww.digital earth. gov/wnrt/xm /service_0_0_4.dtd" >

<OGC_Web_Servi ce version="0.0.4" updateSequence="0">
<servi ce>
<servi ceType>
<naneVal ue>0GC_Web_Ser vi ce</ naneVal ue>
<naneNaneSpace>0GC</ naneNaneSpace>
</ serviceType>
<title>Ceneric OGC Web Service</title>
<abstract>This XM.L will be subcl assed and extended by
speci fic OGC Web services. </ abstract >
<keywor ds>
<keywor d>wor d1</ keywor d>
<keywor d>wor d2</ keywor d>
<keywor d>mul ti-word phrase</keyword>
</ keywor ds>
<l-- Top-level web address of service or service provider.

URLs for particular operations are listed in <Operations>

<l i nkage xlink:href="Web_Site_ URL"

xm ns: x| i nk="http://ww. w3. org/ 1999/ xl i nk" xlink:type="sinple" />

<l-- Contact information -->
<poi nt Of Cont act >
<i ndi vi dual Name>Jeff delLaBeauj ardi er e</i ndi vi dual Name>
<or gani sat i onName>UMBC/ NASA GEST</ or gani sat i onNanme>
<posi ti onName>Conput er Sci enti st </ posi ti onNane>
<cont act | nf o>
<phone>
<voi ce>+1 301 286- 1569</voi ce>
<facsim | e>+1 301 286-1777</facsim | e>
</ phone>
<addr ess>
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<del i ver yPoi nt >NASA Goddard, Code 900. 3</del i veryPoi nt >

<city>Greenbelt</city>

<adm ni strativeArea>MD</adm ni strativeArea>
<post al Code>20771</ post al Code>

<count r y>USA</ count ry>

<el ectroni cMai | Addr ess>del abeau@ ni ki . gsf c. nasa. gov</ el ectroni cMai | Addr ess>

</ addr ess>

</ cont act | nf o>
</ poi nt Of Cont act >
<l-- Fees or access constraints inposed. -->
<accessProperties>

<f ees>none</ f ees>
</ accessProperties>
<l egal Constrai nt s>

<useli m tati on>none</useLi m tation>
</l egal Constrai nt s>
<securityConstraint s>

<uselim tati on>none</useLi m tation>
</ securityConstraints>

</ servi ce>

<I-- placeholder for list of operations (e.g., GetMap or DescribeFeature) -->

<oper at i ons>
<l-- zero or nore operationMetadata bl ocks -->
<oper at i onMet adat a>
<oper at i onNane>
<naneVal ue></ naneVal ue>
<naneNaneSpace>0GC</ nameNaneSpace>
</ oper at i onName>
</ oper at i onMet adat a>
</ oper ati ons>

<I-- placehol der for enuneration of content (e.g., Layers or FeatureTypelist)-->

<cont ent ></ cont ent >

</ OGC_Web_Servi ce>

A.2 Service List Schema (Experimental)

To be written.

A.3 Service Exception DTD (Normative)

<! ELEMENT Servi ceExcepti onReport (ServiceException*)>
<! ATTLI ST Servi ceExcepti onReport versi on CDATA #REQUI RED>

<! ELEMENT Servi ceExcepti on (#PCDATA) >
<! ATTLI ST Servi ceExcepti on code CDATA #l MPLI ED>

A.3.1 Sample Service Exception XML (Informative)

<?xm version='"1.0" encodi ng="UTF 8" standal one="no" ?>
<! DOCTYPE Servi ceExcepti onReport SYSTEM
"http://ww.digital earth. gov/wnt/xm /exception_1_0_1.dtd">
<Servi ceExcepti onReport version="1.0.1">

<Servi ceExcepti on code="Unspeci fied">

Pl ain text nmessage about an error.

</ Servi ceExcepti on>

<Servi ceExcepti on code="Expi redUpdat eSequence" >

new servi ce netadata avail able

</ Servi ceExcepti on>

<Servi ceExcepti on>

<! [ CDATA[

Error in nmodule <foo.c> Iine 42

A message that includes angle brackets in text
nmust be enclosed in a Character Data Section
as in this example. Al XM-Ilike markup is

i gnored except for this sequence of three
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cl osing characters:

11> _

</ Servi ceExcepti on>

<Servi ceExcepti on>

<! [ CDATA[

<Mbdul e>f oo. c</ Mbdul e>

<Error>An error occurred</Error>

<Expl anation>Sim larly, actual XM
can be enclosed in a CDATA section.

A generic parser will ignore that XM,
but application-specific software may choose
to process it.</Explanation>

11>

</ Servi ceExcepti on>

</ Servi ceExcepti onReport >

APPENDIX B: FORMATTING DATESAND TIMES (NORMATIVE)

B.1 Overview

This appendix describes extensions to the 1SO8601 specification for denoting moments and periods in time.
These allow OGC Web Services to support temporal data descriptions and requests. This specification is
based on 1SO 8601:1988(E) Date/Time Representations [24] for date+time and for periods of time; it also
extends I SO 8601 to allow years before 1 AD. It details the following topics:

B.2. Time Format Details

B.3. Period Format

B.4. Date Fragments
B.4.1. Truncated representation
B.4.2. Days of week

B.5. Examples
B.5.1. Complete dates and times
B.5.2. Date and time fragments

B.2 Time Format Details

Uses SO 8601 "extended" format:

B.2.1 Syntax

Up to 14 digits, and optionally a decimal point followed by zero or more digits, specifying century, year,

month, day, hour, minute, seconds, decimal seconds, with non-numeric characters to separate each piece:
ccyy-mm-ddThh:mm:ss.sssZ

(1SO 8601 prefers adecimal comma but allows a decimal period.) All times are assumed to be UT, hence the
trailing Z for "zulu."

The precision may be reduced by omitting least-significant digits. Thus, 4 digits specify the year, 6 the year
and month, 8 the year-month-day, etc:

coyy
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CCyy-mm
ccyy-mm-dd
ccyy-mm-ddThh

B.2.2 Extension for yearsB.C.E.

A non-1S0 extension is proposed to handle years B.C.E (before year 0001 AD). Because a leading hyphen
has meaning in 1SO 8601 (it can indicate missing parts of the time), preceding timeswith aminussign is
not advisable. Instead, the prefix 'B' is used to indicate B.C.E. years. For example:

B1350 (1350 "BC", approximate time of Tutankhamen).

B.2.3 Extension for geologic datasets

A non-1S0 extension is proposed to handle geol ogic datasets refering to the distant past. Geologists refer to
times some number of thousand, million or billion (10"9) years ago aska, Maor Ga. Thus, the prefixesK,
M and G, followed by an integer or floating-point number of years, are proposed. For example:

M150 (Jurassic period, 150 Ma)

K 150000 (Jurassic period, 150 Ma)
K18 (last Ice Age, 18 ka)

MO0.018 (last Ice Age, 18 ka)

G5 (Earth'scrugt solidifies, 5 Ga)

B.3 Period Format

A Period indicates the time resolution of the available data, or the frame interval in a requested animation.
The 1SO 8601 specification for representing a duration of timeis used: Designator P (for Period), number of
years 'Y, months M, days D, time designator T, number of hours H, minutes M, seconds S. Unneeded
elements may be omitted. For example:

P1Y -- 1 year
P1M10D -- 1 month plus 10 days
PT2H -- 2 hours

PT1.5S-- 1.5 seconds

B.4 Date Fragments

In some contexts, date information may be incomplete. For example, a Geoparser service that scans text
documents for references to locations or times may encounter partial references like "Tuesday” or "August
30." To allow thistime specification to handle such fragments, we include the "truncated representation”
allowed by 1SO8601, and we add 7 terms to replace days of the week.
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B.4.1 Truncated representation

The "truncated representation™ allowed by 1SO8601 uses hyphens to denote pieces missing from the most
significant end of the time string. Add one hyphen for each missing two-digit century, year, month, day,
hour or minute. See examplesin 5.2, below.

B.4.2 Days of the week

Add 7 termsto replace days of the week: 'MON', "TUE', 'WED', 'THU', 'FRI', 'SAT", 'SUN'. These optional
terms appear at the start of the date/time string, and a comma separates the weekday from the 1SO8601
string. If the date fragment contains only a day of week, then the comma is not necessary. See examplesin
5.2, below.

B.5 Examples

B.5.1 Complete dates and times

?? A single moment (scalar value):
2000-06-23T20:07:48.11

?? Quarterly data (comma-separated list):
1999-01-01,1999-04-01,1999-07-01,1999-10-01

?? Daily datataken at noon since April 15 1995 (periodic interval):
1995-04-22T12:00/2000-06-21T12:00/P1D

?? Current data refreshed every 30 min (periodic interval):

2000-06-18T 14:30/2000-06-18T 14:30/PT30M

B.5.2 Date and time fragments

--11-21 (Nov. 21, truncated century and year, omitted hh:mm:ss)
TUE,--11-21 (Tuesday, Nov. 21)

TUE (Tuesday)

2000 (year 2000)

de

”?

7

7

?? -99 (year 99, century not given)
?? T14 (2pmlocal time)

?? MON,---21T14 (Monday the 21st at 2pm)

?? T14Z (2pm UTC)

?? T14-04:00 (2pm EDT, 4hrs earlier than UTC)
T-10 (ten minutes past an unspecified hour)
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APPENDIX C: DESCRIBING MULTI-DIMENSIONAL DATA
(NORMATIVE)

C.1 Overview

This appendix describes support for multi-dimensional datain the service metadata and operation request
parameters of OGC Web Services. This specification includes the following categories:

1. Declaring Dimensions

2. Specifying Extents/ Bounds and spatio-temporal resolution
3. Opague and "Indestructible" Data

4. GetMap and GetCoverage Requests

C.2 Declaring Dimensions

A new element, Dimension, in the Capabilities XML response contains generic dimension names and
measurement units. (These are used to define the extents, or bounds, of Map, Coverage or Feature Layers, as
described below.) The following isa DTD fragment expression for the Dimension element:

[ Replace with Schema fragment]

<! El erent Di nensi on EMPTY>

<! ATTLI ST Di nensi on

nane ID #REQUI RED

units CDATA #REQUI RED
uni t Symbol CDATA #| MPLI ED>

The following are some examples of server-defined dimensions:

<Di nensi on nanme="wavel engt h" units="Angstronm' unit Synmbol ="A0" />

<Di nensi on nane="tenperature" units="Kelvin" unitSynbol ="K" />

<Di nensi on nane="pressure_scal e_height" units="mllibar" unitSynbol ="nbar" />
<Di nensi on nane="al ti tude" units="kilonmeter" unitSynbol ="knt" />

Dimension e ements must comply with the following three rules:

?? Because the Dimension name values are used in GET requests, they must be case-insensitively unique
within a Layer and should contain no whitespace.

?? Unit names and abbreviations are from the Unified Code for Units of Measure (UCUM)
<http://aurora.rg.iupui.edu/~schadow/unit UCUM/>. The required units attribute is from the UCUM
"name" column. The optional (but recommended) unitSymboal is from the UCUM "c/s" column (case-
sensitive abbreviation). Prefix names and symbols may be present as well.

?? All Dimensionsin a Capahilities XML response are server-defined, with two exceptions. The
dimensions named time and elevation are privileged special cases, predefined as follows:

<Di nensi on name="el evation" units="EPSG 4301" />
<Di nensi on name="tinme" units="1S08601" />

If a server optsto specify elevation or time values in reference systems other than those listed above, it
must use other dimension namesinstead of "elevation” and "time" (e.g., "altitude” and "date" ).

Notes:
?? EPSG Vertical Datum Codes are listed at http: //mamwv. petroconsultants.convproducts/geodetic.html
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?? The 1S08601-based time representation is detailed in Appendix B, above.

C.3 Specifying Extents and Spatio-Temporal Resolution

A server’s Capabilities XML response may describe each geodata object's domain (the portion of space and
time it can provide values for) and its range (the set of valuesthat these locations can take). This
information can appear in an Extent element or in a BoundingBox.

For one-dimensional reference systems, this information appearsin an Extent element. For 3-D or 4-D
reference systems, the 2-D BoundingBox of WMS 1.0 has new attributes to encode vertical and temporal
extent and to indicate the data resol ution along any of the four dimensions.

C.3.1 Bounds and resolution along a single dimension: Extent

The Capabilities XML response uses zero or more Extent elements to declare the bounds of a geodata object

along along zero more or independent single dimensions. For example, a satellite image may be available at
several different times and several different wavelength bands. The times and bands can each be separately

declared using Extent.

Format of Extent € ement:

<Extent name="dimension_name" default="default_value">
extent_value
</Extent>

?? dimension_name isthe name of a Dimension (<Dimension name="dimension_name" ...>) previousy
defined for that geodata object (as described in the preceding section). The Dimension name and Extent
name must match exactly (case-sensitively).

?? default_value declares what value would be used along that Dimension if a Web request omitsa
congtraint in that Dimension. A 'default’ is optional but strongly recommended. If a request does not
include a constraint along this dimension, and there is no declared default, then the Server must throw
an Exception to indicate that a value was required. The service exception "code" attribute should be set
to "MissingDimensionConstraint".

?? extent_value declares what value(s) along the Dimension axis are appropriate for this specific Layer,
Coverage or Feature. The extent_value has the following syntax:

Syntax Meaning

Value A singlevalue

Valuel,value2,value3 A list of three values

Min/max/resolution An interval defined by its lower and upper

bounds and the resolution (post spacing)
Minl/maxl/resl,min2/max2/res2 A list of two intervals
Hereis an example Layer element with Extents specified in WM S Capabilities XML:

<Layer >
<Di mensi on nanme="time" units="1S08601" />
<Di nensi on nanme="t enperature" units="Kelvin" unitSynbol ="K" />
<Di mensi on nane="el evati on" units="EPSG 4301" />

<Layer >
<Extent nanme="time" default="2000 10-17">1996-01-01/2000- 10- 17/ P1D</ Ext ent >
<Ext ent nane="el evati on" default="0">0/10000/ 100</ Ext ent >
<Ext ent name="tenperature" defaul t="300">230,tenp2,tenp3</Extent>
</ Layer >
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</Layer;.

C.3.2 Multi-Dimensional Bounds And Resolution: Extended C.3.3 BoundingBox

[ Do we need extended BBox if we have <Extent name="time|elevation">7?]

In the WMS 1.0 Capabilities XML response, the BoundingBox el ement had attributes minx, miny, maxx,
maxy to describe a Layer’ s extent as arectangle within a 2-D Spatial Reference System (SRS). This
document generalizes the BoundingBox element when a Layer’s domain is expressed according to a 3-D or
4-D reference system

1. New optional attributes minz, maxz, mint, and maxt describe a 3-D box or 4-D hypercube within a 3-D
or 4-D coordinate reference system

2. New optional attributesresx, resy, resz, rest indicate the spatio-temporal resolution of data within the 2-
, 3-, or 4-dimensional spatio-temporal reference system.

Here are a few examples:

2-D Bounding Box:
<Boundi ngBox SRS="EPSG 26918"
m nx="341989" ni ny="4798657" maxx="456436" nmaxy="4987564"
resx="1" resy="1">
3-D Bounding Box:
<Boundi ngBox CRS="ECR01"

m nx="341989" m ny="4798657" naxx="456436" maxy="4987564"
m nz="1000" naxz="100000" resx="1" resy="1" resz="1000">

4-D Bounding Box:
<Boundi ngBox CRS="ST00054"
m nx="341989" m ny="4798657" naxx="456436" maxy="4987564"
m nz="1000" naxz="100000" mi nt="1999 08-01" maxt="2000-08-01"
resx="1" resy="1" resz="1000" rest="P1D"'>

C.3.4 Bounding Geometry

Finally, alayer may specify its spatio-temporal extent more precisely, using a GML geometry encoded in a
BoundingGeometry. This geometry may be 2-, 3-, or 4-dimensional.

C.4 GetM ap and GetCoverage Requests

Requests against multi-dimensional data Layers described as above requires a few simple extensions to the
GetMap protocol of WMS, in order to express query constraints on a Layer’s spatio-temporal domain and its
multi-dimensional range. The following sections explain these query constraints, and present a few
examples.

C.4.1 Query constraints on elevation and time
Query constraints on elevation and time require a different syntax depending on whether the queried Layer
encodes its domain’ s e evation and time as distinct Extents or only asa 3-D or 4-D BoundingBox.

Note: A GetMap request requires a single value (rather than a vector) at each 2-D location, so it must
request a single-value "dice" of available data along the Time and Elevation axes. GetCoverage liftsthis
restriction by allowing multi-dimensional values at each 2-D location.

C.4.1.1 Elevation and time expressed as distinct Extents

If aLayer has an elevation extent defined, then GetCoverage and GetMap requests may supplement a BBOX
constraint with
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ELEVATION=value
If aLayer has atime extent defined, then requests may use
TIME=value

In each case, value may be a scalar value, a comma-separated list, or an interval, as described in C.3.1
above. The absence of either of these parametersis equivalent to arequest for the Layer’s default value (if
defined) along that dimension. Thisisa specia case of the dimensional constraints described below in
C.4.2.

C.4.1.2 Elevation and time embedded in a 3-D or 4-D BoundingBox

When a Layer’sdomain is expressed (only) asa 3-D or 4-D BoundingBox, queries must use an extended
BBOX syntax to express a query constraint as a 3-D bounding box or a 4-D hypercube:

BBOX=minx,miny,maxx,maxy,minz,maxz,mint,maxt

In the above syntax, minz,maxz and mint,maxt are optional terms. By omitting the minz,maxz or mint,maxt
terms, a query requests the Layer’s default value (if defined) along the 3" spatial dimension (2) or the time
dimension (t). (To specify t extents but omit z extents, clients should use null z values, viz.
BBOX=minx,miny,maxx,maxy,,,mint,maxt.)

Asin WMS 1.0, the 2-D rectangle (minx,miny,maxx,maxy) is always required. (For smplicity and WMS
1.0 compatibility in the 2-D case, the order of these four numbers differs from that of the optional z and time
numbers.)

C.4.2 Query constraints against sample dimensions

The Capabilities XML response describes the extent of each Layer along a set of sample dimensions, and
gives each Dimension a unique name (<Dimension name="___ " ...>). Subsequent GetMap or GetCoverage
regquests may use each these dimension names as a query constraint parameter. The value of such parameter
would denote subsets of the Layer’s Extent along that dimension, using the syntax described in C.3.1 above.
Queries may omit dimension names (or use nulls), to request the default value along those dimensions. (If
no default value exists along that dimension, the server must throw an exception, as specified in C.3.1.)

For instance, if aLayer is described as having an extent along a Dimension named "wavelength”, then
requests againgt that Layer may include the constraint "WAVELENGTH=...". Further examples appear
next.

Note: A GetCoverage query may request a coverage with multiple sample dimensions. However, a GetMap
query requires a single value (rather than a vector) at each 2-D location, so it must request a single-value
"dice" of available data along all but one of the Layer’s sample dimensions.

C.4.3 Examplerequests

The following are examples of multi-dimensional GetMap and GetCoverage requests.

GetMap (single ozone Map at specified time and height):

VERSION=x.y.z WIDTH=600
REQUEST=map HEIGHT=300

LAY ERS=0zone TIME=2000-08-03
SRS=EPSG:4326 ELEVATION=1000
BBOX=-180,-90,180,90 FORMAT=PNG

GetMap (movie loop at specified frame times):
VERSION=x.y.z WIDTH=600
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REQUEST=map HEIGHT=300

LAYERS=0zone TIME=2000-07-01/2000-07-31/P1D
SRS=EPSG:4326 ELEVATION=1000
BBOX=-180,-90,180,90 FORMAT=MPEG

GetCoverage (4D block of data with dimension x,y,z;t):

VERSION=x.y.z SKIPX=10

REQUEST=coverage SKIPY=10

LAYERS=layer TIME=2000-07-01/2000-07-31/P1D
SRS=srs_identifier ELEVATION=0/10000/1000

BBOX=minx,miny,maxx,maxy FORMAT=HDFEOS

APPENDIX D: MULTI-DIMENSIONAL COORDINATE REFERENCE
SYSTEMS (EXPERIMENTAL)

D.1 Introduction

This section specifies a standard model for data defining Coordinate Reference Systems (CRSs) as given in
“ OGC Specification Recommended Definition Data for Coordinate Reference Systems and Coordinate
Transformations - Draft (OGC Document 01-014r1). The specification provide here lacks the descriptive
comments provided in 01-014r1.

Most of the geospatial concepts used in this section are from the current OGC abstract model of Spatial
Reference Systems (Topic 2, document 01-102). The OGC Spatial Reference Systems concepts are largely
consistent with ISO/TC 211 DIS 19111 (N 934), although different terms are sometimes used for the same
concepts.

This clause specifiesan XML DTD for CRS definition data in the following parts:
1. Coordinate Reference System definition

2. Datum definitions

3. Ellipsoid and Prime Meridian definitions

These XML DTDs are specified as external DTDs.

D.2 XML for coordinate reference system definition

This subclause presents the proposed XML DTD package for transfer of a Coordinate Reference System
definition.

<?xm version="1.0" encodi ng="UTF 8" ?>
<! ELEMENT Coor di nat eRef er enceSyst em (
NameSet ?,
(ldentifier
| (ValidityRegion?,
ConpoundCRS
| GeocentricCRS
| Geographi c3dCRS
| Geographi c2dCRS
| ProjectedCRS
| Local CRS
| | mageCRS
| Vertical CRS
| TenporalCRS ) ) ) >
<! ELEMENT ConpoundCRS (
Coor di nat eRef erenceSyst emt) >
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<! ELEMENT Geocentri cCRS (

Geodet i cDat um

Cart esi anCoor di nat eSystem >
<! ELEMENT Geogr aphi c3dCRS (

Geodet i cDat um

El | i psoi dal Coor di nat eSystem >
<! ELEMENT Geogr aphi c2dCRS (

Geodet i cDat um

El | i psoi dal Coor di nat eSystem >
<! ELEMENT Proj ect edCRS (

Car t esi anCoor di nat eSyst em

Coor di nat eRef er enceSyst em

Coor di nat eTr ansf or mat i onDefi ni tion) >
<! ELEMENT Local CRS (
( Cart esi anCoor di nat eSyst em
| ObliqueCartesi anCoordi nat eSyst em
| Ellipsoi dal Coordi nat eSyst em
| GravityRel at edHei ght CS
| Pol ar Coor di nat eSyst em
| Cylindrical Coordi nat eSyst em
| Li near Coor di nat eSyst em
| User Def i nedCoor di nat eSyst en) ,
(Local Dat um

| (Coordi nat eRef erenceSyst em

Coor di nat eTransf ormati onDefinition) ) ) >

<! ELEMENT | nageCRS (
( (CartesianCoordi nat eSyst em
| ObliqueCartesi anCoordi nat eSystem ),
AxesOrigin )
| ( I mageDat um
| (Coordi nat eRef er enceSyst em

Coor di nat eTransformati onDefinition ) ) ) >

<! ELEMENT AxesOrigin (#PCDATA) >
<! ELEMENT Vertical CRS (
Gravi t yRel at edCS,
Vertical Datum >
<! ELEMENT Tenpor al CRS (
t enpor al CS,
origin) >
<! ELEMENT origin (#PCDATA) >

<!-- End of XML DTD for Coordinate Reference Systens -->

D.3 XML for coordinate system definitions

<l-- Version 0.0 of XM DTD for Coordinate System definition.

that are specified in other DIDs. -->
<! ELEMENT Cart esi anCoor di nat eSyst em (
NameSet ?,
(ldentifier
| (di mensi ons,
Coor di nat eAxi s+,
Identifier?) ) ) >
<! ELEMENT di nensi ons (#PCDATA) >
<! ELEMENT Obl i queCart esi anCoor di nat eSyst em (
NameSet ?,
(ldentifier
| (di mensi ons,
Coor di nat eAxi s+,
Identifier?) ) ) >
<! ELEMENT El | i psoi dal Coor di nat eSyst em (
NameSet ?,
(ldentifier
| (di mensi ons,
Coor di nat eAxi s+,
Identifier?) ) ) >
<! ELEMENT GravityRel at edHei ght CS (
NameSet ?,
(ldentifier
| (di mensi ons,
Coor di nat eAxi s,
Identifier?) ) ) >
<! ELEMENT Pol ar Coor di nat eSyst em (
NameSet ?,
(ldentifier
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| (di mensi ons,
Coor di nat eAxi s+,
Identifier?) ) ) >
<l ELEMENT Cyl i ndri cal Coor di nat eSyst em (
NameSet ?,
(ldentifier
| (di mensi ons,
Coor di nat eAxi s+,
Identifier?) ) ) >
<! ELEMENT Li near Coor di nat eSyst em (
NameSet ?,
(ldentifier
| (di mensi ons,
Coor di nat eAxi s,
Identifier?) ) ) >
<! ELEMENT Tenpor al Coor di nat eSyst em (
NameSet ?,
(ldentifier
| (di mensi ons,
Coor di nat eAxi s,
Identifier?) ) ) >
<! ELEMENT User Def i nedCoor di nat eSyst em (
NameSet ?,
(ldentifier
| (di mensi ons,
Coor di nat eAxi s+,
Identifier?) ) ) >
<! ELEMENT Coor di nat eAxi s (
NameSet ?,
(ldentifier
| (axi sAbbreviation?,
axi sDirecti on,
(LinearUnit | AngularUnit | TimeUnit |
Pi xel Spaci nguni t),
Identifier?) ) ) >
<! ELEMENT axi sAbbrevi ati on (#PCDATA) >
<! ELEMENT axi sDirection (#PCDATA) >
<l-- End of XML DTD for Coordi nate Systens -->

D.4 XML for datum definitions

This subclause presents the XML DTD package for transfer of datum definitions.

<l-- Version 0.0 of XM_ DTD for Datum definitions. This DTD uses XM. el enents that are
specified in other DIDs. -->
<! ELEMENT Verti cal Dat um (
NanmeSet ?,
(ldentifier
| (datunmrlype,
Identifier?) ) ) >
<! ELEMENT dat uniType (#PCDATA) >
<! ELEMENT Local Dat um (
NarmeSet ?, ldentifier ) >
<! ELEMENT | mageDat um (
NarmeSet ?, ldentifier ) >
<! ELEMENT Geodeti cDatum (
NanmeSet ?,
(ldentifier
| (Ellipsoid,
Pri meMeri di an?,
Identifier?) ) ) >
<!-- End of XML DTD for Datum definitions -->

D.5 XML for élipsoid and prime meridian definitions

This subclause presents the proposed XML DTD package for transfer of Ellipsoid and Prime Meridian
definitions.
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<l-- Version 0.0 of XM_ DTD for Ellipsoid and Prinme Meridian definitions. This DID uses XM
el ements that are specified in other DIDs. -->
<! ELEMENT El |'i psoid (
NameSet ?,
(ldentifier
| (LinearUnit,
sem Maj or AXi s,
sem M nor AXxi s,
i nver seFl at t eni ng,
Identifier?) ) ) >
<! ATTLI ST El | i psoi d
flatteni ngDefinitive (true | false) #REQUI RED

el |'i psoi dShape (true | false) #| MPLI ED >
<! ELEMENT semi Maj or Axi s (#PCDATA) >
<! ELEMENT sem M nor Axi s (#PCDATA) >

<! ELEMENT i nver seFl atteni ng (#PCDATA) >
<! ELEMENT Pri meMeridi an (
NameSet ?,
(ldentifier
| (greenw chLongi t ude,
Angul ar Uni t,
Identifier?) ) ) >
<! ELEMENT greenw chLongi t ude (#PCDATA) >
<l-- End of XM.L DTD for Ellipsoid and Prine Meridian-->

D.6 Integration into Capabilities schema

The Layer encoding shall allow either a CRS or an SRS element. That is, the DTD describing the Layer
element changes from

<IELEMENT Layer ( Name?, Title, ..., SRS?, ... ) >
to
<IELEMENT Layer ( Name?, Title, ..., (SRSICRS)?... ) >

D.7 CRS Examples
Example XML for well-known CRS

This subclause provides example XML using the Coordinate Reference System definition XML element
containing only the Identifier data element. This example XML is applicable to a well-known CRS included
in XML formatted feature data,.

<Coor di nat eRef er enceSyst en>
<ldentifier>
<code>4326</ code>
<codeSpace>EPSCG</ codeSpace>
</ldentifier>
</ Coor di nat eRef er enceSyst en»>

Example XML for compound coordinate system

This subclause provides a simplified example XML for a 3D compound coordinate system, that omits most
of the optional elements and attributes. This smplified example XML isintended to be adequate when the
Projected Coordinate System and the Vertical Coordinate System are both well-known, as input to server
software implementing the high-level Coordinate Transformation interface. That is, this simplified example
assumes that the server software can obtain the CoordinateSystemDefinition and other data for these two
coordinate systems using only the Identifier that isinput. This simplified example XML also assumes the
coordinate axes from the two compounded coordinate systems are sequentially combined.
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<?xm version="1.0" encodi ng="UTF 8" ?>
<! DOCTYPE Coor di nat eRef er enceSyst em SYSTEM

"http://opengis.org/xm dtds/transformations. dtd">

<Coor di nat eRef er enceSyst en>
<Coor di nat eSyst emDefi niti on>
<di nensi ons>3</ di mensi ons>
<Coor di nat eAxi s>
<axi sName>E</ axi sNane>
<axi sDirecti on>east </ axi sDi recti on>
<Li near Uni t >
<l dentifier>
<code>9001</ code>
<codeSpace>EPSG</ codeSpace>
</ldentifier>
</ Li near Uni t >
</ Coor di nat eAxi s>
<Coor di nat eAxi s>
<axi sName>N</ axi sNane>

<axi sDirection>north</axisDirecti on>

<Li near Uni t >
<ldentifier>
<code>9001</ code>
<codeSpace>EPSCG</ codeSpace>
</ldentifier>
</ Li near Uni t >
</ Coor di nat eAxi s>
<Coor di nat eAxi s>
<axi sName>U</ axi sName>
<axi sDi recti on>up</ axi sDirecti on>
<Li near Uni t >
<ldentifier>
<code>9001</ code>
<codeSpace>EPSG</ codeSpace>
</ldentifier>
</ Li near Uni t >
</ Coor di nat eAxi s>
</ Coor di nat eSyst enDef i ni ti on>
<ConpoundCoor di nat eSyst en>
<Coor di nat eRef er enceSyst en>
<ldentifier>
<code>27700</ code>
<codeSpace>EPSCG</ codeSpace>
</ldentifier>
</ Coor di nat eRef er enceSyst en»>
<Coor di nat eRef er enceSyst en>
<l dentifier>
<code>5701</ code>
<codeSpace>EPSCG</ codeSpace>
</ldentifier>
</ Coor di nat eRef er enceSyst en»>
</ ConpoundCoor di nat eSyst en>
<ldentifier>
<code>7405</ code>
<codeSpace>EPSCG</ codeSpace>
</ldentifier>
</ Coor di nat eRef er enceSyst en»>
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