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Preface

NOTE The previous version of this document was numbered 04-096, now renumbered 05-019 after
approval and final editing in 2005.

Although this specification defines a stand-aone web service for the 3D visudization of
geographic data, the document refers strongly to other OGC specifications. It is based on the
ISO/DIS 19128 Web Map Service standard, the OGC’'s OWS Common Implementation
Specification (V0.3.0) and the Web Terrain Service (V0.5.0). The document structureis
adopted from other OGC Implementation Specifications.

Submitting or ganizations

The following organizations submitted this Implementation Specification to the Open
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submitters:
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Fax: ++49 (0)228 731753

E-mal: quadt@ikg.uni-bonn.de
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Changesto the OGC Abstract Specification

The OGC™ Abstract Specification does not require changes to accommodate the technica
contents of this document.

Futurework

NOTE Generalization of the service interface now specified in this Discussion Paper has not yet been
considered by the OGC. Such generalization of thisinterface will include considering combining the functions
supported here with functions currently supported by other OGC (approved and draft) web services.

This specification was developed in the context of the Rilot 3D of the initiative geodata
infrastructure North Rhine-Westphdia (GDI-NRW). The pilot 3D concerns the interoperable
visudization of 3D city- and regionad models. Different prototypica implementations of the
W3DS have been redized and are ill running. Further improvements are desirable to

support:

a) QueryableW3DS
Like the GetFeaturel nfo operation of aWMS, aW3DS should return the information
about an interactively sdlected object in the scene graph. The returned information about
seected objects will be formatted as an XML file (eg., GML 3) for automatic
computation or it could be displayed right into the 3D scene graph.

b) Environmental enhancements of the scene
For amore redigtic display of the scene graph, it would be desirable to define additiona
sources of light (street lights, the moon, etc.) or adding atmospheric conditions like fog or
ran.

c) Generating animationsand predeter mined flight of camera
Instead of interactive navigation through the 3D scene, sometimesit may be desired to get
an automatic sequence or movie of the 3D models. Predefined routes through cities and
buildings could be used as demos for trade fairs etc.

d) Adding additional output formats
It should be considered if the W3DS could be applied as a basis for an open, interoperable
3D streaming service. It should be checked if other output formats beside the
recommended ones (VRML97, GeoVRML and X3D) are feasible.

e) Styled LayerDescriptors
The concept of Styled Layer Descriptors is described in the Styled Layer Descriptor

Vi © Open Geospatia Consortium (2005)
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Implementation Specification. It enables the user to control the graphicd style of 3D
graphic eements.

f)  Build on OWS Common
This document should more extensively build on the OGC Web Services Common

Specification (OGC 05-008), normatively referencing parts of that document instead of
repeeting information.

© Open Geospatial Consortium (2005) Vi
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Foreword

This verson of the specification cancels and replaces dl previous versons.

Attention is drawn to the possibility that some of the eements of this document may be the
subject of patent rights. Open Geospatia Consortium Inc. shal not be held responsible for
identifying any or al such patent rights. However, to date, no such rights have been claimed
or identified.
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I ntroduction

The Web 3D Serviceisaportraya service for three-dimensond geodata, ddivering graphica
elements from a given geographica area. In contrast to the OGC Web Mapping service
(WMS) and the OGC Web terrain service (WTS) 3D scene graphs are produced. These scene
graphs will be rendered by the client and can interactively be explored by the user. The W3DS
merges different types (layers) of 3D datain one scene graph. (cf. Figure 1).

DTM road furniture

———

uﬂl"

buildings

B

Figure 1 — Different types of geodata are merged in one 3D scene graph

3D scene graphs represent visud illustrations of 3D geodata and are not the geodata
themsdlves. They do not contain the semantic characteristics and relations of the basic

geodata. For gaining access to the 3D geodata OGC' s Web Feature Service is recommended.
All implementations of a\Web 3D Service shdl support VRML97 as default output format.

Still other formats like GeoVRML or X3D are strongly advised compensating disadvantages
of the aged VRML97 standard.

Geo-visualization using web services (taken from [4])

Concerning the portraya of spatiad data the OpenGIS Consortium employsafour level
visudization pipdine, which describes visudization as amulti-level process sarting from
nongraphica object representations stored in arepository (e.g. a database) and ending with
the fina presentation of graphical entities on a display device (see Doyle and Cuthbert 1998
[1]). Thelowest leve is built by the spatid data resources. In a sdlection step the interesting

© Open Geospatiad Consortium (2005) iX
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objects are retrieved. The second step transforms the selected spatial objectsto agraphical
representation, i.e. the spatia objects are mapped to display eements. In the third step the
generated display eements are rendered to an image, which in the find step is displayed to
the user by an appropriate output device (cf. Figure 2).

Generally not possible

EIEVicE o Display for 3D scenes

Charactenistics

2D

C uns::ljnm Render Render
2D/
D 3D
style isplay Display Display
— Element Element Element

Generator Generator Generator

m

B c D

2D/
3D

select Select

Constraints
2D/
3D

Figure 2 — The component structure of the portrayal pipeline allowstheintegration of
data on different levelsin order to obtain an integrated visualization (Doyle & Cuthbert
1998 [1]). Besides on theimage level objects can have both two or three dimensional
geometries

As can be seen from Figure 2 the merging of data from different sources can take place a
different levels of the visudization pipeline. After the selection of the spatia objectsto be
presented the data from path A are merged into path B, where for the objects from both A and
B display elements are generated. Further display eements from path C are integrated before
an image containing al graphic dements from A, B, and C isrendered. At the time of
presentation another image can be integrated from path D as an overlay to the previoudy
generated image. The latter approach is often used for the stacking of (2d) web map layers
ddivered from distributed web map services. The advantage is that the services that are to be
combined only have to be compatible on the level of map graphics (JPG, TIFF or PNG in
most cases), but not on the levels below. This dlows the integration of maps from different
systems that otherwise has nothing esein common.

Unfortunately, 3D visudizations cannot be integrated on the image level, Snce rendered
images are only 2d. If two systems render views of the same scene, these images may not
samply be overlaid, because the lower image can show objects that are nearer to the cameraas
the objectsin the upper image. Nearer objects then might be covered by the rendered objects
in the upper image. Therefore, 3D integration has to take place earlier, i.e. on the leve of
disolay elements. For proper integration of different sets of display dementsthenitis
necessary that they have 3D geometries and use the same spatiad reference system.

X © Open Geospatia Consortium (2005)
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The components of the portrayd pipeline have not to reside on the same system; they can be
digtributed over the internet. However, in client-server goplications the lower leve
components are typicaly redized by one or more servers while the remaining visudization
tasks are handled by the client. According to their complexity clients are classfied into thick,
medium, and thin dients (cf. Figure 2). Thick clients communicate on the fegture level with

the server. The advantage is that the client isfree to redlize any — induding very complex —
visudization and interaction schemes. The mgjor drawback wrt. to web applicationsisthe
need of a specid web browser plug-in which implements these schemes. The plug-in hasto be
downloaded and ingtaled by users before they can gtart with the visudization and interaction.
Medium clients aso need aplug-in for 3D visudization. However, if the display dements are
represented using internationa standards like VRML, X3D or SVG, exigting standard plugins
can be used. The advantage of medium clientsisthat 3D plug-instypicaly provide
functiondities for red time rendering and navigation and therefore dlow a high degree of
interaction. Thin clients only have to cope with rendered images. Thus the most important
advantage of thin clientswrt. to thick and medium dientsis that they do not need any plug-in
and can be used by standard web browsers on practicaly every computer system. However,
snceimages are ddic, posshilities for interaction and navigation in the presented 3D scene
are grongly limited.

Thick Medium Thin
Display Client Display Client Display Client
t s * Intermet
Render Render Rt
Di +E Internat 3
isplay _ _
Element Display Display
Generator Element Element
Generator Generator
|nternet A X
Select || Thin Select || Medium Select || Thick
Server Server Server
4 L
ea. WFS W3DS WMS, WTS

Figure 3 — Different balancing schemes between client and server

The decison which client modd is gppropriate for what gpplication depends on the specific
gpplication scenario on the one hand and the availability of gppropriate data and services on
the other hand. If 3D visudization plays only aminor role, for example, when a 3D view of a
gports arena has to be shown in an online ticket service gpplication, athin client should be
used. If the application focus isinstead on interactive exploration, a least a medium client has

© Open Geospatial Consortium (2005)
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to be used. A typicd thin client displays bitmaps of aWMS or WTS and thick client is needed
for the complex data handling of a WFS. By focusing on medium dients, the W3DSfills the
gap between thin and thick servers (cf. Figure 3). The use of standard formats and standard
plug-ins alows the widespread and easy use of data visudisation including interaction by the
User.

Historical Background

The idea of the W3DS was developed in the context of the initiative geodata infrastructure
North Rhine-Westphdia (GDI-NRW), resulting in a prototype named Filot 3D. The Rilot 3D
Implements the interoperable geo-visudization of 3d aity and regionad models. Several W3DS
implementations are dready running and experiences made during the test phase are reflected
in this draft specification.

Xii © Open Geospatia Consortium (2005)
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Web 3D Service

1 Scope

Thisisaproposa for a specification of aweb service which delivers a 3D scene graph. Thisis
an aggregation of 3D graphicd dements, which can be explored interactively by a user.

2 Conformance

Conformance with this draft specification shal be checked using dl the rlevant tests
gpecified in Annex A (normétive) of the 1ISO/DIS 19128 Web Map Service standard.

3 Normativereferences

The following normetive documents contain provisions which, through reference in this text,
condtitute provisons of this document:

EPSG, European Petroleum Survey Group Geodesy Parameters, Lott, R., Ravanas, B., Cain,
J, Girbig, J-P., and Nicolai, R., eds., http:/AMww.epsg.org/

I[ETF RFC 2045 (November 1996), Multipurpose Internet Mail Extensions (MIME) PartOne:
Format of Internet Message Bodies, Freed, N. and Borenstein N., eds.,
http://Mwww.ietf.org/rfc/rfc2045.txt

IETF RFC 2616 (June 1999), Hypertext Transfer Protocol — HTTP/1.1, Gettys, J., Mogul, J.,
Frystyk, H., Masinter, L., Leach, P., and Berners-Lee, T., eds,,
http://Mmww.ietf.org/rfc/rfc2616.txt

|[ETF RFC 2396 (August 1998), Uniform Resource Identifiers (URI): Generic Syntax,
Bermners-Lee, T., Fieding, N., and Masinter, L., eds,, hitp://www.ietf.org/rfc/rfc2396.txt

SO 8601:1988(E), Data el ements and interchange formats - Information interchange -
Representation of dates and times.

ISO/DIS 19128 (2004), Web Map Service, Version 1.3.0, Jeff de La Beaujardiere,
http://portal .opengis.org/files7artifact id=5316

© Open Geospatia Consortium (2005) 1



ISO/NEC 14772-1:1997 (1997), The Virtual Reality Modeling Language (VRML97),
http:/Amaww.web3D.org/techni cali nfo/specifi cati ons'vrml 97/ vrml 97specifi cati on.pdf

ISO/IEC FDIS 19775:200x (2004): Information technology — Computer graphics and image
processing — Extengble 3D (X3D). http://mww.web3d.org/x3d/specifications/| SO-1EC-
19775-1S- X 3DAbstractSpecification/

OGC AS 12 (September 2001), The OpenGI S Abstract Specification Topic 12: OpenGIS
Service Architecture (Version 4.2), Kottman, C. (ed.),
http://www.opengis.org/techno/specs.htm

OGC (2004): OWS Common Implementation Specification, Version 0.3.0. Arliss Whitesde.
http://portal .opengis.org/files7artifact id=6324

OGC (2002), Syled Layer Descriptor Implementation Specification, Version: 1.0.0, William
Lalonde, OGC 02-070, https.//portal .opengeospatial .org/files/?artifact 10=1188

WTS 0.5.0 (November 2003) OGC 03-081r2, Web Terrain Service Implementation Specifica
tion, v0.5.0, Lieberman, J., Sonnet, J., http://www.opengis.org/docs/03-081r2.pdf

XML 1.0 (October 2000), Extensible Markup Language (XML) 1.0 (2nd edition), World Wide
Web Consortium Recommendation, Bray, T., Padli, J., Sperberg-McQueen, C.M., and Madler,
E., eds., http:/mww.w3.0org/TR/2000/REC-xml

4 Termsand definitions
For the purposes of this document, the following terms and definitions apply.

4.1
client
software component that can invoke an operation from a server

4.2
coordinate reference system
coordinate system that is related to the redl world by adatum [1SO 19111]

4.3

coor dinate system

set of mathematica rules for specifying how coordinates are to be assigned to points [1SO
19111]

4.4

geogr aphic information

information concerning phenomenaimplicitly or explicitly associated with alocation rdeive
to the Earth [ISO 19101]

4.5
interface
named set of operations that characterize the behaviour of an entity [1SO 19119

2 © Open Geospatia Consortium (2005)
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4.6
layer
basic unit of geographic information that may be requested as amap from a server

4.7

map
portrayd of geographic information as adigitd image file suitable for display on a computer
screen

4.8
operation
specification of atransformation or query that an object may be caled to execute [ISO 19119]

4.9
portrayal
presentation of information to humans[ISO 19117]

5 Conventions

5.1 Symbols (and abbreviated terms)

This document uses the following abbreviated terms.

DTD Document Type Definition

EPSG European Petroleum Survey Group
GDI Geodata infrastructure

GeoVRML  VRML with aextenson for 3D geodata
GML Geography Markup Language

HTTP Hypertext Transfer Protocol

IETF Internet Engineering Task Force
MIME Multipurpose Internet Mail Extensions
NRW North-Rhine Westphdia

OGC Open Geospatid Consortium

POC Point Of Camera

POI Point Of Interest

RFC Request for Comments

SIG Specid Interest Group

SLD Styled Layer Descriptor

SRS Spatia Reference System

URL Uniform Resource Locator

© Open Geospatial Consortium (2005) 3



uTcC Universd Time Coordinated

VRML Virtud Redlity Moddling Language
WCS Web Coverage Service

WFS Web Feature Service

WMS Web Mapping Service

WTS Web Terrain Service

XML Extensble Markup Language

6 Basic service elements
6.1 Introduction

This clause specifies agpects of Web 3D Server behaviour that are independent of particular
operations or are common to severa operations. If not further noted the service's behaviour is
in accordance with the ISO/DIS 19128 Web Map Service standard and OGC’'s OWS.

6.2 Version numbering and negotiation

6.2.1 Verdon number form and value

The Web 3D Service defines a protocol version number. The version number appliesto the
XML schema and the request encodings defined in this draft specification. The verson
number contains three nonnegative integers, separated by decimd points, in the form "x.y.z".
The numbers"y" and "z" shal not exceed 99.

Implementations of this draft specification shdl use the value "0.1.0" or "0.3.0" asthe
protocol version number.

6.2.2 Verson number changes

The protocol verson number shal be changed with each revision of this draft pecification.
The number shal increase monotonically and shdl comprise no more than three integers
separated by decima points, with the firgt integer being the most significant. There may be
gaps in the numerica sequence. Some numbers may denote draft versions. Servers and their
clients need not support dl defined versons, but shal obey the negotiation rules below.

6.2.3. Appearancein requestsand in service metadata

The verson number gppearsin a least two places: in the service metadata, and in the
parameter list of client requeststo a server. The verson number used in a client's request of a
particular server shdl be equd to a verson number which that instance has declared it
supports (except during negotiation as described below). A server may support several
versons, whose vaues clients may discover according to the negotiation rules.

4 © Open Geospatia Consortium (2005)
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6.2.4. Verson number negotiation

A W3DS dlient may negotiate with a server to determine amutualy agreesble protocol

verson. Negotiation is performed using the GetCapabiilities operation (described in 7.2)
according to the rules described in the 1ISO/DIS 19128 Web Map Service standard and OGC's
OWS specification.

The VERSION parameter is mandatory in requests other than GetCapabilities.

6.3 General HTTP request rules

HTTP request rules are identically treated asin the ISO/DIS 19128 Web Map Service
standard.

6.4 General HTTP responserules

HTTP responese rules are identicaly treated asin the ISO/DIS 19128 Web Map Service
standard.

6.5 Output formats

At present the only mandatory output format MIME type is model/vrml for GetScene and
text/xml for the GetCapabiilities request.

6.6 Request parameter rules

Request parameter rules are identicaly treated asin the ISO/DIS 19128 Web Map Service
standard.

6.7 Cascading and chaining W3DS

The principles of cascading and chaining aweb services are vdid for the W3DS, too.
Description is given a the OWS and WM'S specification. The W3DS is suitable in particular
for the integrated visudization of adjacent city models (mosaic scenario) or into one another
interlocked models (hierarchy scenario).

6.8 Exceptions

At a service exception an error document will be returned to the client. The output formeat of
the error report depends on the value of the EXCEPTION parameter (clause 7.3.2.19).

7 Web 3D service operations
7.1 Introduction

The two operations defined for aWeb 3D Service are GetCapabilities and GetScene. This
Clause specifies the implementation and use of these W3DS operations in the Hypertext
Transfer Protocol (HTTP) Didtributed Computing Platform (DCP).

© Open Geospatial Consortium (2005) 5



7.2 GetCapabilities (mandatory)
721 Generdl

The purpose of the mandatory GetCapabilities operation isto obtain service metadata, which
Is a machine readable (and human-readable) description of the server's information content
and acceptable request parameter values.

The GetCapabiilities operation is mandatory for al OGC web service and is extengvely
described in the OWS Common Implementation Specification and the ISO/DIS 19128 Web
Map Service standard. For reasons of more comfortable reading, the main points will be
repeated and will be adapted for the W3DS when necessary.

7.2.2 GetCapabilitiesrequest overview

The generd form of aW3DS request is defined in dause 6. When making the GetCapabilities
request of aW3DS server, which may offer other service types as well, it is necessary to
indicate that the client seeks information about the Web 3D Service in particular. Thus, the
SERVICE parameter of the request shdl have the value "W3DS' as shown in clause 6.

Table 1 — The parameter s of the GetCapabilitiesrequest URL

Name and example Mandatory/ Description
Optional
VERSION=verson O Reguest verson
SERVICE=W3DS M Service type
REQUEST=GetCapahilities M Request name
FORMAT=MIME type O Output format of service metadata
UPDATESEQUENCE=gtring | O Sequence number of string for cache control

Example URL:

http://nyserver. de/ WVBDS?SERVI CEEVBDS&REQUEST=Get Capabi liti es

7.2.3 Request parameters

The GetCapahilities request parameters are FORMAT, VERSION, SERVICE, REQUEST
and UPDATESEQUENCE (cf. Table 1). The usage is equivaent to the ISO/DIS 19128 Web
Map Service standard.

7.2.4.GetCapabilities response
7.24.1 Genera

When invoked on aWeb 3D Service, the response to a GetCapabilities request shdl be an
XML document containing service metadata formatted according to the XML Schemain A.1.

6 © Open Geospatia Consortium (2005)
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The schema specifies the mandatory and optiona content of the service metadata and how the
content is formatted. The response shdl be vaid according to XML Schema vdidation rules.

The GetCapabilities response description is identicd to the one from the 1ISO/DIS 19128 Web
Map Service standard. Following are particular variations to the |SO standard:

7.2.4.2 EXxceptions

Upon receiving an invaid operation request, the W3DS will respond to the client using an
Exception Report message to describe to the client gpplication and/or its human user the
reason that the request isinvaid. The service will handle exceptions as described in clause 8
of the OWS Common Implementation Specification.

7.24.3 Layers

Although the W3DS is a portrayd service like WM S the layer concept is treated differently.
See section 7.3.2.15 for further explanation.

7.3 GetScene (mandatory)
7.3.1 General

The GetScene operation returns a 3D scene graph. Upon receiving a GetScene request, a
W3DS shdl ether satisfy the request or issue a service exception.

The required parameters for the 3D visudization of a scene by aW3DS are the ingtruction to
request a scene (REQUEST=GetScene), the selected spatia reference system (parameter
SRYS), the ddimitation of the geographical area selected by an enclosing rectangle (bounding
box, parameter BBOX), the desired output format, as well as parameters for the definition of a
predefined virtua camera. The pergpective can be defined in asmilar fashion likein the

WTS:

a) Point of Interest (POI): the exact location in x,y,z space of the viewer's focus.

b) Digtance: the distance between the viewer and the POI in meters.

c) PRitch: theangle or inclination (in degrees) between the viewer and the POI (0° means
the viewer is looking horizontaly and -90° means the viewer islooking straight down
on the POI).

d) Yaw: azimuth, the angle representing the "head swivd" (0° faces due north, 90° faces
due eadt, €tc.).

e) Angleof view (AOV): The angle representing the breadth of landscape in the viewer's
scene.

f) Also commonly described asthefield of view or field of vison. Corresponds to the
width of the scene intersecting the POI.

The volume of the scene can be limited by MINHEIGHT and MAXHEIGHT.
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The WTS dlows the implicit selection of the displayed range by providing only the

parameters POI, DISTANCE, AOV aswedl as YAW and PITCH, calculating the visible area
from these parameters (without indicating a bounding box). For aW3DS this gpproach is not
feasible, because the position coordinate values of 3D objects are moved to anew origin. This
trandation is needed because some SRS generate very high coordinate values, eg. 8 digitsin
UTM, which do not bare enough capacity for submeter precison. The new origin is defined by
xmin and ymin of the bounding box. Practicaly this means the W3DS substracts from every
3D coordinate of the first coordinate axis xmin and from the second ymin. If BBOX would be
an optiona parameter and omitted in arequest, the W3DS would have to compute xmin and
ymin. However, different W3DS implementations could caculate different vaues for the

same camera parameters. This would make the integration of the output of different W3DSin
the same scene impossible, because each produced scene graph would have its own origin.

Figure 4 — The different viewing parameter s of the GetScene request

The viewing parameters are adopted and enhanced from the WTS draft specification (V0.5.0).
There are many possibilitiesto specify avirtuad camerathat is used asinitia perspective.
Figure 4 shows the different viewing parameters for the W3DS. They arelisted in Table 2 and
are described in the following paragraphs.

Additiondly the W3DS will do an axes transformation from real world to computer graphics
coordinate systems. Red world coordinates (like UTM, Gauss Kruger or geographical
coordinates) are typicaly using left-hand Cartesian coordinate system with z indicating the
height above sealevel. Computer graphics coordinate systems (likein VRML) are usudly
based on aright-hand Cartesian coordinate system. Therefore a W3DS automatically changes
the axes of the real world SRSs as shown in Figure 5.
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Figure5 — Axestransformation from real world coordinates (left)
to 3D computer graphics coordinate system (right)

7.3.2 GetScene request
7.3.21 Parameters

The GetScene request is the main operation of aW3DS. The basic usage is described in
OGC's OWS specification and is corresponding to the GetMap request of the ISO/DIS 19128

Web Map Service standard.

Table 2 shows the parameters for a GetScene request. Parameters marked with “R” are
mandatory, “O” meansthey are optiona and “C” is conditiond, i.e. the usage of the
conditiona rated parameters depends on the required or optiona parameters.

Table 2 — Parameters of the GetScene request

Required/
URL parameter Optional/ annotation

Conditional
VERSION=<version> R requested version
REQUEST=GetScerne R requested operation
SRS=namespaceiidentifier R spatid reference system
POI=<point_of_interest> C X,y,Z point coordinates according to SRS
PITCH=<pitch> C angle of inclination [degree]
YAW=<yaw> C azimuth [degrees]
ROLL=<rall> O rotation around viewing vector [degree]
DISTANCE=<distance> C distance POI to POC [meter]
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POC=x,y, z C X,y,Z coordinates of camera according to SRS

AOV=<angle of view> C angle of view [degree]

BBOX=xmin,ymin,xmax,ymax |R 2d bounding box

MINHEIGHT=<lower_limit> |O displaying objects with height 3 lower_limit
according to SRS

MAXHEIGHT=<upper_limit> |O disolaying objects with height £ upper_limit
according to SRS

LAYERS=<layer list> O comma separated list of 3D object sets

STYLES=<gtylelist> 0] comma separated list of styles for each layer

FORMAT=<format> R MIME type of output

TIME=<date _and_time> O date and time

EXCEPTIONS=<excepttype> |O exception format

TRANSLATE=X,y,z C trandation vector that isapplied to dl 3D
coordinates

ENVIRONMENT=on/ off 0] switch on/off background eementslike sky
or light source

BGCOLOR=<color> 0] background color

BGIMAGE=<image url> @) URL of background image

7322 VERSON

The REQUEST parameter will be used as described in the 1SO/DIS 19128 Web Map Service
sandard. Vaid vauesare “0.1.0" and “0.3.0". Verson negatiation is described in clause 6.2.

7.3.2.3 REQUEST

The REQUEST parameter will be used as described in the ISO/DIS 19128 Web Map Service
standard and discussed in clause 6.3. Usage: REQUEST=GetScene

7324 SRS

The parameters for the spatid reference system (SRS) is defined in the ISO/DIS 19128 Web
Map Service standard and the WTS 0.5.0 specification. When using a2D SRS height is
measured in meters above sealevel.

7325 POI

POI=x,y,z designates the target point for the virtua camera, that isused asinitia viewpoint.
The coordinate va ues refer to the patia reference system named by the SRS parameter. The
use of POI is conditiona and may be used only in conjunction with other parameters (for
vaid parameter combinations check the examplesin appendix B.1).
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7326 PITCH

PITCH definesthe angle of inclination measured in degree. The up and downward looking is
meade possible by this angle. PITCH=0 means horizontd line of Sght, negative vaues are for
looking down — for looking up postive vaues are used. Vaues range from -90 to 90.

The use of PITCH is conditiona and may be used only in conjunction with other parameters
(for valid parameter combinations check the examples in gppendix B.1). If POI isindicated,
PITCH isinterpreted in accordance with the WTS 0.5.0 specification. If the POC parameter is
used, PITCH refersto the angle of inclination of the camera. PITCH shall not be provided, if
both POI and POC are contained in the parameter li<t.

7327 YAW

Y AW defines the azimuth of the line of Sght in degrees. The rotation around the vertical axis
is defined by thisangle. Y AW=0 means the view to the north.

The use of YAW is conditiona and may be used only in conjunction with other parameters. If
POl isindicated, Y AW isinterpreted in accordance with the WTS 0.5.0 specification. If the
POC parameter isused, YAW refersto the angle of rotation of the camera. YAW shall not be
indicated, if both POl and POC are contained in the parameter list (for vaid parameter
combinations check the examples in appendix B.1).

7328 ROLL

ROLL indicates the angle of rotation of the camera around the view axis (the distance from
the camera main point to the target) in degrees. The vaues ranges from -180 to 180. A
postive angle corresponds to aturn to the left. If ROLL is not indicated, then the default
vaue of 0 degrees (horizontd) is assumed.

7.3.29 DISTANCE

The DISTANCE parameter indicates the distance between camera (viewer) and the POI in
meters. A value of 0 means the viewer isright at the place of the POI. DISTANCE may be
only indicated if the POI parameter is and the POC parameter is not provided (for vdid
parameter combinations check the examplesin gppendix B.1).

This parameter is described in the WTS 0.5.0 specification, too.
7.3.2.10 POC

With POC=x, y, z the point of camera (POC) can be specified whereby the coordinate values
refer to the reference system indicated in the SRS parameter. For the clear specification of a
viewing perspective the camera coordinates must be used dther in connection with the
parameter POI or the parameters PITCH, YAW and DISTANCE. POC, POI and the
parameters PITCH, YAW and DISTANCE may not be indicated al at the sametime (for
vaid parameter combinations check the examples in gppendix B.1).
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7.3.211 AQV

AOQV determines the angle of view of the viewer measured in degrees. In conjunction with the
POC parameter it designates the gperture angle in accordance with the VRML 97 specification
for FieldOfView at the explanation of the viewpoint nodes. If only the POI parameter is
indicated, AOV has the same meaning asin the WTS 0.5.0 specification.

7.3.2.12 BBOX

The bounding box concept of the W3DS is handled like the one described in the ISO/DIS
19128 Web Map Service standard. Bounding box values specify the portion of the Earth to be
mapped through two pairs of coordinates in a specified layer coordinate reference system
(Layer CRS). Thefirgt pair specifies the minimum coordinate values in the Layer CRS, the
second specifies maximum coordinate vaues. The usage of the BBOX parameter is

BBOX=xm n, ym n, xmax, ymax

where xmin<xmax and ymin<ymax. The coordinate values of BBOX are referring to spatid
reference system provided at the SRS parameter. 3D objects that lay only partidly within the
bounding box shall be contained in the returned scene. No prescription is done whether the
objects are cut at the bounding limits or if they are completdly entered into the scene. An
additional request parameter concerning this problem may be introduced in the future.

The BBOX parameter is mandatory.
7.3.2.13 MINHEIGHT

By indicating a minimum height the sdlection of the displayed objects can be further limited.
Only objects and/or partia objects are displayed, whose eevation coordinate values are larger
or equa to the indicated devation vaue. If MINHEIGHT is omitted, there is no restriction of
the elevation coordinate values downward. MINHEIGHT refersto the origina eevation
coordinates of the real world objects before any trandation or other transformation takes
place.

7.3.2.14 MAXHEIGHT

The MAXHEIGHT parameter is analogous to MINHEIGHT but refers to objects whose
elevation coordinate values are lower or equa to the indicated elevation vaue.

7.3.215 LAYERS

The LAY ERS parameter specifies a comma separated list of layersto be displayed. The
concept of the layer isametgphor to the traditiond (two-dimensond) cartography, with
which geo objects of different classes were drawn on different foils resulting in a map with an
overd| view of thisfoils. The sequence of the layers defines which kinds of object cover the
others. While this makes sense for 2-dimensiona maps of the WMS and the 2,5d
representation of the WTS, the sequence of layersin the 3D does not have a meaning, Snce
the vighility depends on the viewer's point of view, only.
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Apart from the drawing sequence, layers are employed to group objects. Thus, layers are used
asasynonym for sets of different graphicad 3D dements. By using layers, the type of objects
can be selected. For examplein a3D city modd the W3DS makes digitd terrain models
(DTM), buildings street furniture or vegetation individualy addressable. Unlike to the WTS

al layers are equitable 3D objects.

If the parameter is not indicated the W3DS decides which data will be delivered to the client.
This parameter is described in the 1ISO/DIS 19128 Web Map Service standard.
7.3.216 STYLES

This parameter specifiesfor each layer, in which styleit isto beillustrated on the graphics
eements. The available styles are predifined by a W3DS and listed individualy for each layer
in the capabilities document. The STY LES parameter contains a comma separated list of the
desred gylesand it shal only be indicated if the layer parameter is given, too. The number of
styles must correspond to the number of indicated layers. For using of default stylesleave
blank.

Example
LAYERS=dt m bui | di ngs, veget ati on&STYLES=or t hophot o, , si npl e

sdects layersfor adigital terrain modd (DTM), buildings and vegetation, wherethe DTM is
covered with an orthophoto, the buildings are displayed in default styles (blank parameter)
and the vegetdion’ s syleis“smple’.

This parameter is described in the ISO/DIS 19128 Web Map Service standard.
7.3.2.17 FORMAT

This parameter specifies the output format of the service as indicated in the cagpabilities
document. All W3DS shdl provide mode/vrml. At present other feesble formats are
GeoVRML and X3D. These formats are optional.

Table 3— Feasible output formats

Format MIME Type support
VRML97 modd/vrml mandatory
X3D model/x3d+xml optiona
GeoVRML mode/vrml optional
7.3.218 TIME

With the time parameter the specific time or timeframe of visudization can be defined. A
concrete date with a certain time can be selected. Thus, the position of the sun can be
reconstructed (among other things) and gppropriate scene lighting can be generated.
Furthermore the TIME parameter can be used by the W3DS adso for the selection of certain
time-dependent data.
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The specification of valid parameter vauesis in accordance with the | SO standard 8601 are
described in the ISO/DIS 19128 Web Map Service standard in appendix D.

Example TIME=2003-10-25T14:28:43Z identifies the 25th of October 2003 at 14:28 hours
und 43 seconds. The added Z abbreviates ,, Zulu” time which is equivaent to UTC.

7.3.2.19 EXCEPTIONS

With the EXCEPTIONS parameter a client indicates, in which way he would like to be
referred to errors or exceptiond cases. Two different possibilities are specified in the
following. Closer information for the treetment of errors and exceptionsis given in section 6.7
of the ISO/DIS 19128 Web Map Service standard.

Please note that due to serious network problems or crash of a server sometimes the client
may not get an answer on arequest. A W3DS client should be prepared for this possibility,
too.

g EXCEPTIONS=gpplication/'vnd.ogc.se xml (default)
In the case of an error a XML document is sent to the Client, which contains an error
description. The structure of this XML document is described in appendix A.2.

h) EXCEPTIONS=application/'vnd.ogc.se_blank
In the case of an error aresponse in the demanded format is generated, which contains no
graphic dements, i.e. no visua representation is produced. This"slent falure’ is
meaningful when alarge number of W3DS are integrated.

7.3.2.20 TRANSLATE

Depending on the used SRS coordinate values of 3D objects may become very high. For
example the Gauss Kruger System needs seven digits before the decima point for meters and
two digits after the decima point for accuracy in centimetres. Since most 3D viewers are
using floating point number with sngle precison (32 bit) (which meansthey are Sgnificant in

8 digits only), there will be visble errorsin the visudisation because of imprecise rounding.

TRANSLATE=X,y,z defines an offset to the three coordinate axes which will be added to the
coordinate values to shrink them for a better handling. Integer and floating point numbers are
alowed vauesfor x,y,z .

If the TRANSLATE parameter is omitted, the W3DS will autometicaly calculate an off set
based on the BBOX parameter and subtractsit from the coordinate vaues. If TRANSLATE is
indicated no automatic trandation will be done.

7.3.2.21 ENVIRONMENT

A W3DS may decide to add additiond graphica eementsto a generated scene, like light
sources or background images, for a more redistic looking presentation. However, if the
output from different W3DSs should be merged more than one environment could be

irritating. So with the ENVIRONMENT parameter backgrounds etc. can be switched on or off
for each request.
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7.3.2.22 BGCOLOR

With the BGCOL OR parameter the background colour of the scene can be specified, if the
output format selected by FORMAT supports this option.

The color vaue is coded hexadecimd: OXRRGGBB, where RR isthe red, GG the green and
BB the blue vaue from 00 to FF (0-255 decimd). While the hexadecima numbers may be
indicated in large or amall letters, the "x" of the prefix must be smdl case.

7.3.2.23 BGIMAGE

With BGIMAGE the URL of araster image can be posted to the W3DS, which is embedded
or referenced in the returned scene as background image. A typica application isthe
indication of an image illugtrating the scene's Ky . It depends thereby among other things on
the sdlected output format whether and how this parameter is to be considered.

7.3.3 GetSceneresponse

The response to avaid GetScene request isa 3D scene graph of the specified geographical
areain the requested format and spatia reference system, whereby the 3D coordinates are
accordingly moved by the BBOX offset or the TRANSLATE parameter. Additiondly
coordinate axis will be shifted to computer graphics coordinate axis as shown in figure 4.

A scene graph isagenera data structure commonly used by vector- based graphics editing
goplications. The scene graph contains the pictoria dataitems being organized in atree
structure. Each node in a scene graph represents some atomic unit of the document?. For
further reading about interactive 3D computer graphics[5] is recommended.

If one or more layers were specified, then the scene shows only the objects, which are
contained in these layers. If styles were indicated to these layers, then the objects of the
individua layers are portrayed according to the respective style. If the output format alows
the possibility of camera definition, a default camerais contained in the resulting file, whose
placement is derived from the provided view parameters. If the resulting file contains
references to further files e.g. textures, then it must be ensured that these files are accessible
over the Internet.

In case of an incorrect request or an occurring error while generating the scene, the response
must be supplied in the requested format for exceptional cases (parameters EXCEPTION) by
the server. With arequest viaHTTP the MIME type of the returned document must be set by
the server according to contents of the resulting file.

1 Taken from Wikipedia http://en.wikipedia.org/wiki/Scene graph For further reading see or ISO/IEC 14772
and 1SO/IEC FDIS 19775 and [5].
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Annex A
(normative)

XML schemas

A.1 W3DS capabilities schema

Thisisthe XML Schema fragment for encoding a generic GetCapabilities operation request
IS

<?xm version="1.0" encodi ng="UTF-8"?>

<WBDS Capabilities version="0.3.0" xm ns="http://ww. opengi s. net/w3ds"
xm ns: xli nk="http://ww.w3. org/ 1999/ xIl i nk"

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena-i nst ance"

xsi :schemaLocati on="http://ww. opengi s. net/ w3ds

http://schemas. opengi s. net/w3ds/ 0. 3. 0/ WBDS_capabilities_0_3_0.xsd">

<l-- Service Metadata -->
<Servi ce>
<l-- The WMI-defined nanme for this type of service -->
<Nanme>WBDS</ Nanme>
<l-- Human-readable title for pick lists -->
<Title> KG Wb 3D Server</Title>
<l-- Narrative description providing additional information -->

<Abstract >Web 3D Server maintained by Institue for Cartography and
Geoi nformation, University of Bonn. Contact: quadt@ kg. uni-bonn.de. 3D
City nodels of Bonn including buildings, roads, street furniture,
vegetation and dtmin LOD4. </ Abstract>
<Keywor dLi st >
<Keywor d>ci ty nodel </ Keywor d>
<Keywor d>3D</ Keywor d>
<Keywor d>scene graph</ Keywor d>
</ Keywor dLi st >
<l-- Top-level web address of service or service provider. See also
Onl i neResource el enents under <DCPType>. -->
<Onl i neResource xm ns: xlink="http://ww. w3. org/ 1999/ x| i nk"
xl'ink:type="sinple" xlink:href="http://hostnane/"/>
<l-- Contact information -->
<Cont act | nf or mat i on>
<Cont act PersonPri mary>
<Cont act Per son>Udo Quadt </ Cont act Per son>
<Cont act Or gani zati on>l nstitue for Cartography and
Geoi nformation, University of Bonn</ContactOrganizati on>
</ Cont act Per sonPri mary>
<Cont act Posi ti on>PhD st udent </ Cont act Posi ti on>
<Cont act Addr ess>
<Addr essType>post al </ Addr essType>
<Addr ess>Meckenhei mer All ee 172</ Address>
<Ci ty>Bonn</ Ci ty>
<St at eOr Provi nce/ >
<Post Code>53115</ Post Code>
<Count r y>Cer many</ Count ry>
</ Cont act Addr ess>
<Cont act Voi ceTel ephone>+49 228 73 6334</ Cont act Voi ceTel ephone>
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<Cont act El ect r oni cMai | Addr ess>quadt @ kg. uni -
bonn. de</ Cont act El ectr oni cMai | Addr ess>
</ Cont act | nf or mati on>
<l-- Fees or access constraints inposed. -->
<Fees>none</ Fees>
<AccessConstrai nt s>none</ AccessConstrai nt s>
</ Servi ce>
<Capability>
<Request >
<Get Capabilities>
<For mat >t ext / xm </ For mat >
<DCPType>
<HTTP>
<Get >
<Onl i neResource
xm ns: xl i nk="http://ww.w3. org/ 1999/ xIl i nk"
xlink:type="sinple" xlink:href="http://hostname/path?"/>
</ Get >
<Post >
<Onl i neResource
xm ns: xlink="http://ww.w3.org/ 1999/ x| i nk"
xlink:type="sinple" xlink:href="http://hostnane/path?"/>
</ Post >
</ HTTP>
</ DCPType>
</ Get Capabilities>
<Get Scene>
<For mat >model / vrm </ For mat >
<For mat >nodel / x3d+xm </ For mat >

<DCPType>
<HTTP>
<Get >
<l-- The URL here for invoking GetScene using HTTP GET
is only a prefix to which a query string is appended. -->

<Onl i neResour ce
xm ns: xli nk="http://ww.w3. org/ 1999/ xIl i nk"
xl'ink:type="sinple" xlink:href="http://hostnanme/path?"/>
</ Get >
</ HTTP>
</ DCPType>
</ Get Scene>
</ Request >
<Excepti on>
<For mat >XM_</ For mat >
<For mat >BLANK</ For mat >
</ Excepti on>
<Layer >
<Title> KG Wb 3D Server</Title>
<CRS>CRS: 84</ CRS>
<EX_Geogr aphi cBoundi ngBox>
<west BoundLongi t ude>7. 037</ west BoundLongi t ude>
<east BoundLongi t ude>7. 200</ east BoundLongi t ude>
<sout hBoundLat it ude>50. 650</ sout hBoundLat i t ude>
<nort hBoundLat it ude>50. 770</ nort hBoundLat i t ude>
</ EX_Geogr aphi cBoundi ngBox>
<l-- all layers are available in at least this CRS -->
<Aut horityURL name="DI F_| D' >
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<Onl i neResource xm ns: xli nk="http://ww. w3. org/ 1999/ x| i nk"
xl'ink: type="sinpl e"
xl'ink: href="http://ww.ikg.uni-bonn.de/w3ds/|D_maker.htm"/>
</ Aut hori t yURL>
<l--Exanple layer of a digital terrain nodel including a style-->
<Layer >
<Nanme>DTM</ Name>
<Title>Digital Terrain Mdel of Bonn, Germany</Title>
<CRS>EPSG 31466</ CRS>
<Boundi ngBox CRS="EPSG 31466" m nx="2598000" m ny="5684000"
maxx="2610000" naxy="5696000" />
<Styl e>
<Nanme>DTMst yl e</ Name>
<Titl e>Exanple style for a DIMNK/Titl e>
<Abstract>This is an exanple style for a typical
DTM</ Abst r act >

</ Styl e>
</ Layer >
<l --Exanpl e | ayer for buildings-->
<Layer >

<Nanme>BUI LDl NGS</ Name>
<Titl e>3D Model of buildings of the Univerity of Bonn</Title>
<CRS>EPSG 31466</ CRS>
<Boundi ngBox CRS="EPSG 31466" ni nx="2598000" nmi ny="5684000"
maxx="2610000" naxy="5696000" />
<Styl e>
<Nane>pl ai n</ Name>
<Title>Plain facade of buildings</Title>
</ Style>
<Styl e>
<Nanme>t ext ur ed</ Nanme>
<Titl e>Textured facade |ayed on building</Title>
</ Styl e>
</ Layer >
</ Layer >
</ Capabi lity>
</WBDS_ Capabilities>

A.2 Service exception schema

<?xm version="1.0" encodi ng="UTF-8"?>
<xsd: schema t arget Nanespace="http://ww. opengi s. net/ ogc"
xm ns: xsd="http://ww. w3. org/ 2001/ XM_Schenma"
xm ns: ogc="http://ww. opengi s. net/ogc" el ement For mDef aul t ="qualified">
<xsd: el ement name="Servi ceExcepti onReport">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enment name="Ser vi ceException”
type="ogc: Servi ceExcepti onType" m nCccurs="0" maxQccur s="unbounded"/>
</ xsd: sequence>
<xsd: attribute name="version" type="xsd:string" fixed="0.3.0"/>
</ xsd: conmpl exType>
</ xsd: el ement >
<I--A list of possible exception codes will be provided in the future-->
<xsd: conpl exType name="Servi ceExcepti onType" >
<xsd: si npl eCont ent >
<xsd: ext ensi on base="xsd: string">
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<xsd:attribute nane="code" type="xsd:string"/>
<xsd:attribute nane="locator" type="xsd:string"/>
</ xsd: ext ensi on>
</ xsd: si nmpl eCont ent >
</ xsd: conpl exType>
</ xsd: schema>
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Annex B
(informative)

Examples

B.1 Examplerequestsof GetScene operation (URL)

Example1

Get a scene constrained by a bounding box (BBOX) without specific initid view point. The
SRS EPSG:31466 specifies Gauss Kruger coordinates (UTM projection) in 2™ Central
Meridian (Germany). The coordinates are manualy moved by (-2580000, -5720000, 0).

http://ww. nyserver. de/ WVBDS?VERSI ON=0. 3. 0&REQUEST=Cet Scene&SRS=EPSG
31466&FORVAT=nDdel / vr M &BBOX=2583150, 5720600, 2584000, 5722000&TR
ANSLATE=- 2580000, - 5720000, 0

Example 2
The view is defined by a point-of-interest (POI), the viewing anglesPITCH and YAW, the
distance to the cameraand its angle-of-view (AQV).

http://ww. nyserver. de/ WBDS?VERSI ON=0. 3. 0&REQUEST=Cet Scene&SRS=EPSG
31466&FORVAT=nodel / vr Ml &PA =2583150. 0, 5720600. 0, 52. 5&PI TCH=45&Y
AWE45&DI STANCE=100&A0V=90&BB0OX=2583150, 5720600, 2584000, 5722000

Example 3
The view is cdculaed from a point-of-interest (POI), the point-of-camera (POC) and the

angle-of-view (AQV).

http: // ww. nyser ver . de/ WBDS?VERSI ON=0. 3. 0&REQUEST=Cet Scene&SRS=EPSG
31466&FORVAT=nodel / vr M &PO =2583150. 0, 5720600. 0, 52. 5&P0C=255438
4. 38, 5676500, 100&A0V=90&BBOX=2583150, 5720600, 2584000, 5722000

Exanple4
The view is cdculated from a point- of-camera (POC), the concerned viewing anglesPITCH

and YAW and the angle-of-view (AOV).

http: //ww. nyser ver . de/ WBDS?VERSI ON=0. 3. 0&REQUEST=Cet Scene&SRS=EPSG
31466&FORVAT=nDdel / vr M &POC=2554384. 38, 5676500, 100&AOV=90&YAWE2
3&PI TCH=- 45&BB0OX=2583150, 5720600, 2584000, 5722000

Example 5
The view is defined by a point-of-interest (POI), the concerned viewing anglesPITCH and
Y AW, the distance to the camera and the angle-of-view (AOV).
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http://ww. nyserver. de/ servl et/ WBDS?VERSI ON=0. 3. 0&REQUEST=Cet Scene&S
RS=EPSG 31466&FORMAT=nDdel / vi M &BBOX=2583150, 5720600, 2584000, 57
22000&PA =2583150. 0, 5720600. 0, 52. 5&PI TCH=45&YAW:45&DI STANCE=100
&AOV=90

B.2 Examplerequest of GetCapabilities operation (URL)

Example request to get the cagpabiilities of the W3DS. Example taken and modified from the
OWS Common Implementation:

http:// nyserver. de/ WVBDS?SERVI CE=FWBDS&REQUEST=Cet Capabi | i ti es&FORVAT=
t ext/ xm

B.3 Sample W3DS service metadata (XML)

<?xm version="1.0" encodi ng="UTF-8"?>

<WBDS_Capabilities version="0.3.0" xm ns="http://ww. opengi s. net/w3ds"
xm ns: xlink="http://ww.w3.org/ 1999/ x| i nk"

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"

xsi : schemaLocati on="http://ww. opengi s. net/w3ds

http://schemas. opengi s. net/w3ds/ 0. 3. 0/ WBDS _capabilities_0_3 0.xsd">

<l-- Service Metadata -->
<Servi ce>
<l-- The WMI-defined nanme for this type of service -->
<Name>WBDS</ Nanme>
<l-- Human-readable title for pick lists -->
<Title> KG Wb 3D Server</Title>
<l-- Narrative description providing additional informtion -->

<Abstract >Web 3D Server maintained by Institue for Cartography and
Ceoi nformation, University of Bonn. Contact: quadt@ kg. uni-bonn.de. 3D
City nodels of Bonn including buildings, roads, street furniture,
vegetation and dtmin LOD4. </ Abstract>
<Keywor dLi st >
<Keywor d>city nodel </ Keywor d>
<Keywor d>3D</ Keywor d>
<Keywor d>scene graph</ Keywor d>
</ Keywor dLi st >

<l-- Top-level web address of service or service provider. See also
Onl i neResource
el ements under <DCPType>. -->

<Onl i neResource xm ns: xlink="http://ww.w3. org/ 1999/ xIl i nk"
xlink:type="sinple" xlink:href="http://hostname/"/>
<l-- Contact informtion -->
<Cont act | nf or mati on>
<Cont act Per sonPri mary>
<Cont act Per son>Udo Quadt </ Cont act Per son>
<Cont act Organi zati on>lI nstitue for Cartography and
Geoi nformation, University of Bonn</ContactOrganization>
</ Cont act Per sonPri mary>
<Cont act Posi ti on>PhD st udent </ Cont act Posi ti on>
<Cont act Addr ess>
<Addr essType>post al </ Addr essType>
<Addr ess>Meckenhei nmer All ee 172</ Address>
<Ci ty>Bonn</City>
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<St at eOr Provi nce/ >
<Post Code>53115</ Post Code>
<Count r y>Cer many</ Count ry>
</ Cont act Addr ess>
<Cont act Voi ceTel ephone>+49 228 73 6334</ Cont act Voi ceTel ephone>
<Cont act El ectroni cMai | Addr ess>quadt @ kg. uni -
bonn. de</ Cont act El ectroni cMai | Addr ess>
</ Cont act | nf or mati on>
<l-- Fees or access constraints inmposed. -->
<Fees>none</ Fees>
<AccessConst rai nt s>none</ AccessConstrai nt s>
</ Servi ce>
<Capability>
<Request >
<Get Capabilities>
<For mat >t ext / xm </ For mat >
<DCPType>
<HTTP>
<Get >
<Onl i neResource
xm ns: xl i nk="http://ww.w3.org/ 1999/ xlink" xlink:type="sinmple"
xlink: href="http://hostname/ pat h?"/>
</ Get >
<Post >
<Onl i neResource
xm ns: xli nk="http://ww.w3.org/ 1999/ xl i nk" xlink:type="sinple"
xlink: href="http://host name/ pat h?"/>
</ Post >
</ HTTP>
</ DCPType>
</ Get Capabilities>
<Get Scene>
<For mat >model / vrm </ For mat >
<For mat >nmodel / x3d+xm </ For mat >

<DCPType>
<HTTP>
<CGet >
<l-- The URL here for invoking GetScene using HITP GET
is only a prefix to which a query string is appended. -->

<Onl i neResource
xm ns: xli nk="http://ww.w3. org/ 1999/ xl i nk" xlink:type="sinple"
xlink: href="http://host name/ pat h?"/>
</ Get >
</ HTTP>
</ DCPType>
</ Get Scene>
</ Request >
<Exception>
<For mat >XM_</ For mat >
<For mat >BLANK</ For mat >
</ Exception>
<Layer >
<Title> KG Wb 3D Server</Title>
<CRS>CRS: 84</ CRS>
<EX_Geogr aphi cBoundi ngBox>
<west BoundLongi t ude>7. 037</ west BoundLongi t ude>
<east BoundLongi t ude>7. 200</ east BoundLongi t ude>
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<sout hBoundLat i t ude>50. 650</ sout hBoundLat i t ude>
<nor t hBoundLat it ude>50. 770</ nort hBoundLat i t ude>
</ EX_Geogr aphi cBoundi ngBox>
<l-- all layers are available in at least this CRS -->
<Aut horityURL name="DI F_| D' >
<Onl i neResource xm ns: xli nk="http://ww.w3. org/ 1999/ xI i nk"
xlink:type="sinple" xlink:href="http://ww.ikg.uni-
bonn. de/ w3ds/ | D_rmaker. htm "/ >
</ Aut horit yURL>
<I--Exanple layer of a digital terrain nodel including a style-->
<Layer >
<Nanme>DTM</ Nane>
<Title>Digital Terrain Mdel of Bonn, Germany</Title>
<CRS>EPSG 31466</ CRS>
<Boundi ngBox CRS="EPSG 31466" ni nx="2598000" nmi ny="5684000"
maxx="2610000" naxy="5696000" />
<Styl e>
<Nanme>DTMst yl| e</ Nanme>
<Title>Exanpl e style for a DIM/Titl e>
<Abstract>This is an exanple style for a typical
DTM</ Abst r act >

</ Style>
</ Layer >
<! --Exanpl e | ayer for buildings-->
<Layer >

<Name>BUI LDI NGS</ Nanme>
<Titl e>3D Model of buildings of the Univerity of Bonn</Title>
<CRS>EPSG: 31466</ CRS>
<Boundi ngBox CRS="EPSG 31466" m nx="2598000" m ny="5684000"
maxx="2610000" naxy="5696000" />
<Styl e>
<Nane>pl ai n</ Nane>
<Title>Plain facade of buildings</Title>
</ Styl e>
<Styl e>
<Nane>t ext ur ed</ Nane>
<Titl e>Textured facade |ayed on building</Title>
</ Style>
</ Layer >
</ Layer >
</ Capability>
</ WBDS_ Capabilities>

B.4 Sample service exception (XML)

<?xm version="1.0" encodi ng="UTF-8"?>
<Servi ceExcepti onReport version="0.3.0" xm ns="http://ww. opengi s. net/ogc"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena-i nst ance"
xsi : schemaLocation="http://ww. opengi s. net/ ogc
http://schemas. opengi s. net/ w3ds/ 0. 3. 0/ exceptions_0_3_ 0. xsd">
<Servi ceExcepti on>
Plain text message about an error.
</ Servi ceExcepti on>
<Servi ceExcepti on code="Inval i dUpdat eSequence" >
Anot her error nessage, this one with a service exception code supplied.
</ Servi ceExcepti on>
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<Servi ceExcepti on><! [ CDATA[
Error in nodule <foo.c> |ine 42

A message that includes angle brackets in text
nmust be enclosed in a Character Data Section
as in this exanple. Al XM-like markup is
i gnored except for this sequence of three
cl osing characters:
11></ Servi ceExcepti on>
<Servi ceExcepti on><! [ CDATA[
<Mbdul e>f 0o. c</ Modul e>
<Error>An error occurred</Error>
<Expl anation>Simlarly, actual XM
can be encl osed in a CDATA section.
A generic parser will ignore that XM,
but application-specific software nay choose
to process it.</Explanation>
11></ Servi ceExcepti on>
</ Servi ceExcepti onReport >

24

© Open Geogpatia Consortium (2005)



OGC 05-019

Bibliography

[1]  Doyle, A., Cuthbert, A. (1998): Essential Model of Interactive Portrayal. OpenGIS
Project Document, 98-061. http://www.opengis.org

[2] IEC 60027 (al parts), Letter symbolsto be used in electrical technology.

[3] 1SO 1000, S units and recommendations for the use of their multiples and of certain
other units.

[4] Altmaer, A., Kolbe, T. H. (2003): Applications and Solutions for Interoperable 3d
Geo-Visualization. In: D. Fritsch (ed.): Proceedings of the Photogrammetric Week
2003 in Stuttgart, Wichmann Verlag, Germany

[5] J Foley, A. van Dam, S. Feiner, J. Hughes (1995), Computer Graphics, Principles and
Practice, Addison Wedey Longman, 2nd Edition.

© Open Geospatial Consortium (2005) 25



