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1 INTRODUCTION

TransXChange is a UK national data standard for the exchange of bus route and timetable
information. The standard is sponsored by the UK Department for Transport and is
mandated by the Vehicle Operating Services Agency (VOSA) for the electronic registration
of UK bus services with Traffic Area Offices (TAO) and Local Authorities.

TransXChange allows the exchange of route and timetable information between, amongst
others:
e Bus Service Operators
Traffic Area Offices
Local Authorities
Passenger Transport Executives
Traveline — the National Passenger Transport Information System
Suppliers of AVL (Automatic Vehicle Location) and delivery systems

TransXChange comprises a W3C XML schema with related documentation and other tools.

This Schema Guide is intended to provide a technical overview and reference manual to
TransXChange for system developers, data providers and other users of TransXChange.

The Guide is accompanied by a set of worked examples, available at the
_u_sfﬁg_ Ee;/_e?i feature of frgn_sXChange. A summary table of the examples is given in Section
5.

Note that detailed documentation of individual schema elements is provided as annotations
within the schema itself. Software Tools such as XML SPY can be used to explore the
structure and details of the schema.

1.1 Antecedents

Version 1.0 of TransXChange was originally developed by Cap Gemini for the Traffic Area
Network (TAN) under contract to the UK Department for Transport. The TransXChange
model for public transport schedules was based on Transmodel, the European standard
reference Data Model for Public Transport. Transmodel is intended:
e To promote a common integrated approach in the design of public transport
information systems.
e To provide an open architecture for such systems.
e To provide a general model that can easily be adapted to create specific
implementations.
e To support the reliable exchange of information between different software products.

An early version of Transmodel provided a starting point for the TransXChange Logical
Reference Model that underpins the TransXChange XML schema. As a comprehensive,
supplier-neutral, general purpose information model for transport information, Transmodel
provides a valuable overall context of concepts and terminology extending over most
aspects of public transport information (see Section 13). However, it should be noted that
Transmodel is an abstract model, and it covers a wider scope of function than that required
for TransXChange. Furthermore, Transmodel was expressed primarily in terms of an Entity-
Relationship model, without the benefits of the encapsulation and richer constraints
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available in an Object-based language such as XML. A concrete XML implementation such
as TransXChange must make a specific interpretation of the subset of Transmodel that is
salient for its objectives, and must use the data types and other capabilities of its
technology. The main divergences from Transmodel terminology are listed in section 13.2.

Subsequent updates, also managed by Cap Gemini, developed revised releases 1.1, 1.2, &
1.2.1

TransXChange version 2.0, is a major revision of the standard, managed by Carl Bro and
Kizoom, which includes harmonisation with government standards for XML schemas, and
addresses a number of issues exposed through early-adopters’ experience of the initial
earlier versions.

2.1 is a very minor update to 2.0 to harmonise with other changes to NaPTAN. All
documents should be fully compatible with 2.1 tools for import.

Versions of the TransXChange Publisher, a tool used to produce human readable
timetables from TransXChange documents was provided with release 2.0 and 2.1. A new
enhanced version of the publisher was produced in 2007 including a desktop interface. This
includes support for a preliminary draft 2.2a version of the 2.2 schema.

1.2 Document Structure

The TransXChange Concept Guide is organised as follows:

Part | — Introduction & Overview.

The chapters in Part | are intended to give a summary of the basic concepts and purpose of
TransXChange:

Information about the TransXChange Concept Guide.

The Purpose of TransXChange.

TransXChange Basic Concepts.

TransXChange Logical Model.

Part Il - Worked Examples.
Part Il provides an example of the components of a TransXChange document.
e Simple Worked Example.
¢ It also provides an index to the systematic set of examples demonstrating the use of
all TransXChange features that may be found at the web site.

Part Ill = Schema Structure.
The chapters in Part lll provide a detailed account of the TransXChange Schema elements:

Topographical Elements: Stops & Localities.
Network Topographical Elements: Routes & Tracks.
Service Description Elements.

Operational Date & Time Elements.

Part IV — Technical Reference.
The chapters in Part IV provide technical details on various aspects of TransXChange
documents and technology:

e Technical Annexes.
e Registration Process
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e TransXChange Publisher.
e Naming and Coding Conventions.
e Transmodel comparison.
e Versioning.
¢ Integrity Rules.
o Reference Appendixes.

1.3 Intellectual Property Rights

1.3.1 TransXChange Schema

TransXChange is Crown Copyright, managed by the UK Department for Transport. The
schema may be used without charge.

The TransXChange Schema may reference other Schemas that are also Crown Copyright,
or that are owned by Associate Members of the UK Government GovTalk initiative.

Anyone who wishes to reproduce the Schema in any format must acknowledge the source
and state that the Schema are the copyright of the named Associate Member or Crown
Copyright, as appropriate. The permission to reproduce does not extend to any Schema or
parts of Schema which are specifically identified as being the copyright of anyone who is not
a Member or Associate Member. Permission to reproduce these Schema or parts of these
Schemas must be obtained from the identified copyright holders.

TransXChange is based on open source software standards, notably XML.
The designated owner of the TransXChange schema for GovTalk is:

TransXChange, Transport Direct Project
Department for Transport,

Great Minster House,

76 Marsham Street,

London

SWI1P 4DR

1.3.1.1 TransXChange Schedules

Rights in the contents of bus schedules encoded as TransXChange conformant XML
documents are separate from rights in the TransXChange Schema itself. Document content
is the property of the publisher of each document.

1.3.1.2 TransXChange Document Publisher

TransXChange includes a software tool, the TransXChange Publisher, which may be used
to transform XML schedules into pdf output. TransXChange Publisher, is supplied on a free-
to-use licence on an unwarranted, ‘as-is’ basis. The publisher runs under a Java
environment (JRE 1.4.2 or higher).

The Publisher may use on-line web services to fetch stop and map data that are
incorporated into the published output. The use of stop data and map data in published
output is governed by the terms of use of the publisher. In particular the map data may only
be used for validating TransXChange documents submitted to the EBSR process, and not
for other commercial uses such as publicity material, planning, etc.
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1.4 Versioning

A strict versioning system is used for TransXChange, following e-Gif principles. This is
made explicit in Version 2.0 and is explained in Section 12.1.

15 Naming Conventions

Systematic Naming conventions are used for schema elements following the e-Gif
guidelines. The conventions are described in Section 8.

1.6 Presentation Conventions Used in the Schema Guide

1.6.1 XML Elements in Text

thttp://www.w3.0rg/TR/xmlschema-1/ and ‘http://www.w3.0rg/TR/xmIschema-2/) and its
terminology, such as “sequence” and “choice” to formally describe its data structures.

Throughout this TransXChange Schema Guide:
e XML elements are shown in bold italic type, for example the JourneyPattern
element.
e XML attributes are shown in bold, for example MappingSystem.
¢ Containment of a subelement by another element is shown by a forward slash, for
example StopPoint / AtcoCode.

1.6.1.1 UML Diagrams

Unified Modelling Language (UML) notation is used for class and instance diagrams to
show the formal structure of the TransXChange Logical Reference model; the diagrams
express structure in terms of classes, connected by association, aggregation and
inheritance relationships, corresponding to the semantics available in XML’s built-in
reference and extension mechanisms. Note that the UML diagrams are provided for
explanatory purposes only, and omit an amount of detail (in particular, only a few element
properties are typically shown as class attributes, and intermediary elements of a
relationship are sometimes omitted.). UML notation uses well known conventions for
showing the navigability, multiplicity, etc, of model elements, which we do not repeat here.
Note that in UML structure diagrams we label relationships in the direction of the
navigability. Most relationships are navigable in only one direction, indicated by the arrow
that points in the direction of navigability, i.e. coming from the entity that holds reference, to
the referenced entity.
For TransXChange, we refine the standard UML conventions by the systematic use of
colour: in particular:
o Network topology elements are shown in diagrams in green (for example, Route,
StopPoint).
e Service level and service pattern related elements are shown in yellow (for example,
FlexibleService, JourneyPattern, JourneyPatternTimingLink).
e Vehicle journey related elements are shown in (for example,
VehicleJourney, VehicleJourneyTimingLink).
e Elements concerned with operational days, dates and times are shown in blue, (for
example, OperatingProfile, BankHolidays, Frequency).
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1.6.1.2 XML Structure Diagrams

XML Spy (from Altova GmbH) structure diagrams are used extensively in the detailed
schema description to illustrate the containment structure of XML schema fragments. Each
XML element is shown as a solid box. Use of a complex data type is shown by a dashed
box.

Attributes are not shown in the diagrams, but are explained in the accompanying
documentation. To indicate the presence of an attribute we use a convention of including
the attribute name in the element comment prefixed by an 'at' sign (‘@’), for example
‘@lang’. Note that XML Spy diagrams use a slightly different notation from regular UML for
multiplicity and optionality.

1.6.1.3 Element Structure — Sequence

The hexagonal symbol with the horizontal line of three dots indicates “sequence of.” For
example, Figure 1-1 says the element ValidityPeriod consists of the sequence of
StartDate followed by EndDate. Both elements are defined in the namespace whose prefix
is “txc”. The adornment of a small series of horizontal lines in their upper left box corners
indicates that StartDate and EndDate are non-empty elements.

Figure 1-1 — XML Spy Diagram: Sequence
1.6.1.4 Element Structure — Choice

The hexagonal symbol with the switch-like icon indicates a choice. For example in Figure
1-2 there is a choice between the elements NoSubsidy, and Subsidy. Subsidy has a
further substructure, indicated by a “+” in at the right-hand end. NoSubsidy is an empty
element.

| txe:SubsidyDetailsStructure

HoSubsidy

-| SubsidyDetails [}]}[—fﬁ} =

Subsidy

Figure 1-2 — XML Spy Diagram: Choice
1.6.1.5 Multiplicity and Optionality

Whether elements are required or optional, and the multiplicity (cardinality) of elements is
indicated by adornments as follows:

e Afine dashed line on the connecting line and surrounding box indicates an element
is optional. For example, in Figure 1-3; FlexibleZones and Description.

¢ A solid line indicates a mandatory element. For example, in Figure 1-3; StopRef.

e A number adornment indicates a multiplicity other than one. ‘Many’ is indicated by an
infinity sign «. Thus, for example in Figure 1-3, there may be one Description, but
there can be between one and many FlexibleZone, and must be three or more
Location Instances.
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| txuc:FlexibleZ onesStructure
-Er -I;I:e-x-il-}ie-i;;l-e-s- -E]-}[—H-—:E-| FlexibleZone [
Figure 1-3 — XML Spy Diagram: Multiplicity
1.7 Major Changes in Release 2.0 of TransXChange

TransXChange include major syntactic and semantic revisions to bring it closer to NaPTAN
and other standards. The following is a summary of major changes in release 2.0. See
Section 16 for a full list of changes.

Modularisation.

eGif GovTalk compliance.

Data Integrity improved.

Welsh Language support added.

Route Links remodelled.

VehicleJourney & JourneyPattern model revised for efficiency and integrity.

Days of Operation standardised and extended.

Registration Number supported.

Provision of a full TransXChange Schema Guide with examples.

New TransXChange Publisher to transform XML documents to Acrobat pdf format.
Use of revised NaPTAN & NPTG models.

Revision of Registration / Service relationship to enable connecting services to be
specified in registrations.

New function for:

New National Operator code, when available.
Flexibly Routed Services.

Vehicle Operations.

School Dates.

Fare Stages (but not fares).

Dead Run support.

Dynamic Bay Allocation.

Add further descriptive elements to Service.

For changes in 2.1 see Appendix B.

Note that an extension of TransXChange to handle fares information, currently referred as
FareXChange, is being considered for future development.
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1.8 Evolving TransXChange

The extensive changes mandated for TransXChange 2.0 inevitably mean that strict XML
compatibility between documents and tools running at TransXChange 1.2 is not possible.
The intention in TransXChange 2.0 was to undertake a comprehensive update that aligns it
closely to NaPTAN, and that will help to minimise changes needed in future. The objective
however was to achieve a full upwards compatibility of data — the existing content used to
create TransXChange 1.2 documents should be exactly mappable to the revised schema.
Since existing TransXChange documents are generated automatically by various suppliers’
tools, the enhancement of the tools to generate the new format should provide a
straightforward upward migration path.

At the same time, 2.0 put into place a formal versioning method that should aid with the
concurrent operation of schemas at different levels in future.

In order to achieve upwards compatibility of data, care has been taken to preserve the
existing semantics of TransXChange.

Work areas identified for future TransXChange work include:
e Fine grained exchange of deltas.
e Further support for multimodal Interchanges (Journey connections between different
modes of transport).
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1.10 Related Transport Information Standards

TransXChange is an XML based standard and is compatible with the following standards for
public transport information:

e ATCO-CIF: ATCO-CIF is a general purpose exchange format for common elements
of timetable information. TransXChange is intended to be a successor to ATCO-CIF.

e NaPTAN: The National Public Transport Access Nodes database is a UK
nationwide system for uniquely identifying all the points of access to public transport
in the UK. The NaPTAN database is maintained centrally under contract to the
Department for Transport. The NaPTAN standard is described in a separate
document (see bibliography at end). NaPTAN is intended to assign every UK train
station, coach terminus, airport, ferry terminal, bus stop, etc, a unigue NaPTAN
identifier. For large interchanges & termini, NaPTAN points identify the entrances
from the public thoroughfare — one identifier is distinguished as the main entrance.

e NPTG: The National Public Transport Gazetteer is an auxiliary database to
NaPTAN that provides a means of relating NaPTAN stops to UK towns and villages,
as well as to the regional groupings used to manage Public Transport data.
TransXChange assumes knowledge of the current NPTG database by all parties.

e Transmodel: Transmodel is an abstract Reference Data model of the data of
interest to organisations designing transport related information systems. It has been
developed through several European Commission sponsored projects. A pre-
standard version 4.0 is expected to be replaced soon by a full CEN standard as v5.1

e JourneyWeb: JourneyWeb is an XML protocol allowing distributed journey planning.
The protocol is a UK national de facto standard sponsored by the UK Department for
Transport, and is being used in the Transport Direct Portal project to provide
contiguous distributed journey planning across the whole of the UK.

e SIRI: Service Interface for Real-time Information is a standard for the exchange of
real time bus information between systems developed by CEN members of the UK
Real Time Interest Group. It is also based on NaPTAN and Transmodel, and will be
evolved so as to harmonise with other related standards including TransXChange.

¢ UK Geocoding References: For geospatial location references TransXChange
supports both Grid references — using Eastings and Northings, with support for both
UK Mainland and Irish grids — and WGS 84 Latitude and Longitude. However Grid
location references must be used for registrations.

1.11 Legislation

Bus registration is covered by several sets of bus registration regulations under the
Transport Act 1985. These regulations are: The Public Service Vehicles (Registration of
Local Services) Regulations 1986, amended by S11988 1697, SI11989 1064, SI11993 2752,
S11994 3271 and SI2004 10.
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1.12 Related Documents

A TransXChange Registration provides an electronic representation of the following forms

issued by the Vehicle and Operating Services Agency (VOSA). The forms may be

Description England and Wales | Scotland Date
Application to Register a Bus Service PSV350 PSV350 (Scotland) June 2003
Short Notice Registration Supplementary Form PSV350A PSV350A (Scotland) Sept 2001
Local Bus Service Registration. Guide for Operators PSV353A June 2004
Application to Change or Cancel details of a Local Service PSV355 PSV355A (Scotland)

Registration

Table 1-1 — Forms for Registering Bus Services in England and Scotland
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2 OVERVIEW OF TRANSXCHANGE

2.1 The Purpose of TransXChange

TransXChange is a standard format for describing bus routes and schedules as XML
documents that can be automatically exported and imported between different computer
systems. The documents themselves can be exchanged by different transport mechanisms,
for example, FTP, email or http, and can be zipped (compressed) significantly to speed
transfer.

There are two main variants of TransXChange:

o Registration schema: Defines XML documents specifically for the purpose of
registering bus services with VOSA. Each document contains a single registered
"service".

e General schema: Defines XML documents for exchanging bus timetables and
related information for many different purposes. Many bus services can be specified
in a single document. Partial schedules may be exchanged.

2.2 TransXChange Elements
TransXChange comprises the following main elements:

e TransXChange Schema: A model and formal schema for describing and encoding
bus schedules as XML documents. The schema can be used with software tools to
check that documents are correctly formatted and contain the required content.

e TransXChange Documents and Process: A description and explanation of the
standard, including rules for creating, managing and using TransXChange
documents with software tools.

¢ TransXChange Publisher. The publisher is a free tool issued along with
TransXChange, which allows users to render TransXChange XML documents into a
readable timetable-like layout, using Acrobat pdf file format. The free Acrobat reader
from Adobe can be used to read and print .pdf files. TransXChange Publisher
requires the installation of a standard open source environment for running Java and
XSLT - this can also be downloaded free. Use of these tools is described in Chapter
9. The TransXChange Publisher can be run in two modes: for Registration, in which
case a specific subset of content is published for the registered particulars of a
service, and for General use, which includes some additional content.

It should be emphasised that TransXChange is a data definition standard, and not a
software program or a dynamic protocol in itself. It is intended to enable different suppliers
and user communities to build systems that can share information correctly, cheaply and
efficiently, but does not prescribe detailed error handling or other implementation details that
will vary according to the requirements of individual applications.

2.3 Document Validation

To be valid TransXChange data, documents must satisfy two levels of validity criteria:

1. Well-formedness and validity: Documents must parse and validate against the
TransXChange schema at the specified level — Registration or General — including
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all the integrity constraints coded within the schema, such as for key uniqueness
and reference. Any document that does not satisfy the syntactic rules will be
rejected for Registration and may not be accepted or understood correctly in uses
on the General Schema.

Correctness: Documents must satisfy additional processing rules and constraints
that are not enforceable in the XML of the schema, but which are specified in this
document, or as annotations in the schema (In case of any inconsistency, the
schema should be regarded as definitive). Typically these rules cover additional
complex processing or uniqueness constraints that cannot readily be expressed
using XML’s built-in mechanisms. Any document that is not correct may be rejected
for Registration and may not be accepted or understood correctly in uses on the
General Schema. A number of semantic rules are listed later, and a severity
assigned to them. The publisher provides a diagnostic function to checks for a
number of these errors.
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2.4 How is TransXChange Used?

The following three scenarios give the most common uses for TransXChange:

(1) To register a complete service.

(ii) To update a registration.

(iii) To exchange service related data for a wide variety of other purposes.
2.4.1 Registration of a Route with VOSA

The most common scenario for use of TransXChange is to make a registration (Figure 2-1),
and runs as follows:

1. Bus schedule data is prepared using scheduling software, including route and stop
data.

2. The schedule is exported as a TransXChange XML document to VOSA for
registration. On export, the document is validated against a specified version of the
schema. Note that TransXChange documents can also in principle be created by
hand, though this would be both tedious and error prone.

3. The schedule is then imported by VOSA and Local Transport Authorities. On
import, the document is validated against the version of the schema indicated by
the document.

4. Following validation, the registered particulars alone are rendered as a readable
pdf document using the Registration option of the TransXChange publisher.

5. The schedule is then imported by information system builders such as journey
planners and AVL system implementers.

6.

All or part of routes and schedules may be exchanged by system providers,
annotated with additional operational data, over and above the registered

particulars.
Operators
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Figure 2-1 — Overview of TransXChange Use

2.4.2  Update of a Registration with VOSA

TransXChange will also be commonly used to update an existing registration.
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The schedule is updated by the owner using the schedule preparation system.
The schedule is reported as an XML registration document with updated data and
modified change dates. Note that the whole schedule must be recreated;
TransXChange does not currently formally support the exchange of ‘deltas’, that is,
changes to just part of a route or timetable (though this is likely to be added in
future).

The schedule is revalidated and imported by VOSA, and the changed parts are
updated in the VOSA database. The validation and propagation process thereafter
is as for registration.

General Purpose Exchange of Data

TransXChange can also be used for the general purpose exchange of structured bus
schedule data between any two information systems. Normally the TransXChange General
schema will be used for this purpose, as it allows consistent subsets of data to be
exchanged. Example uses might include:

Exchanging schedule information with journey planning systems that wish to use the
service.

Exchanging route information with mapping systems that wish to draw the route.
Exchanging schedule and operational data with AVL systems that wish to provide
real-time bus predictions.

Exchanging school term dates with Educational Authorities.

Exchanging Operator details.

The precise scenario of use will depend on each specific purpose, but may be described
generally (Figure 2-1), as follows:

The exporting system will output the desired selection of data into an XML
document. The resulting document must validate against the TransXChange schema
version referenced in the document header.

The document is transferred from the source to the target system by any appropriate
transport method (e.g. email, ftp, and http).

The importing system validates and imports the document, using the appropriate
version of the TransXChange schema indicated by the document to interpret the
document's contents. It will reject the document if it is not well-formed (including the
rules for internal integrity). It may decide its own actions to handling errors in the
conforming to application level integrity constraints.
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2.5 Differences between the Schemas

The TransXChange Registration and General schema are essentially the same, but differ
in a few constraints as to cardinality and the required use of certain elements.

Table 2-1 summarises the differences between the two schema variations:

TransXChange Registration Document

TransXChange General Document

Must have a single Registration.

Can have zero or multiple Registration instances.

The Registration. Must reference a primary Service which
describes the service being registered. Other connecting
services to which the primary service connects can be included.

May have zero, one or many services.

The Service for the Registration must have a fully completed
Registered Operator, i.e. of type LicensedOperator.

Registered operator details need not all be completed, i.e.
can be of type Operator, rather than LicensedOperator.

Sufficient information about each stop must be provided to
constitute a stand alone definition for statutory purposes.

Simple Stop references may be used.

The Route information for the registered Service should include
additional mapping point information where appropriate (using
the RouteLink / Track / Mapping elements) to make the route
unambiguous when the stop and mapping points are followed in
sequence over a map containing a road network description.

Mapping information is optional.

Primary LocationSystem used in a Registration document
must be Grid.

Either WGS84 or Grid can be used for LocationSystem.
The same system should be used for all references in a
given document.

Table 2-1 — Differences between Schemas

The schemas share a common set of element types (Figure 2-2). As a general principle, the
Registration schema is strictly substitutable with the General schema, that is, a valid
Registration document will always validate against both schemas and can be used

wherever a General document is used.

Schema structure
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Figure 2-2 — Common Set of Types in TransXChange Schemas
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3 SHORT TOUR OF THE TRANSXCHANGE ESSENTIAL MODEL

In this chapter, we provide an overview of the logical model underlying the TransXChange
schemas. Unified Modelling Language (UML) diagrams are used to show the relationships
between the most significant elements.

3.1 Representing a Bus Service in TransXChange

The TransXChange model) has seven basic concepts: Service, Registration, Operator,
Route, StopPoint, JourneyPattern, and VehicleJourney.

A Service brings together the information about a registered bus service, and may contain
two types of component service: Standard or Flexible; a mix of both types is allowed within
a single Service.

e A normal bus schedule is described by a StandardService and a Route. A Route
describes the physical path taken by buses on the service as a set of route links.

o A FlexibleService describes a bus service that does not have a fixed route, but only
a catchment area or a few variable stops with no prescribed pattern of use.

e A StandardService has one or more JourneyPattern elements to describe the
common logical path of traversal of the stops of the Route as a sequence of timing
links (see later), and one or more VehicleJourney elements, which describe
individual scheduled journeys by buses over the Route and JourneyPattern at a
specific time.

e Route, JourneyPattern and VehicleJoumey follow a sequence of NaPTAN
StopPoints. A Route specifies in effect an ordered list of StopPoints. A
JourneyPattern specifies an ordered list of links between these points, giving
relative times between each stop; a VehicleJourney follows the same list of stops at
specific absolute passing times. (The detailed timing Link and elements that connect
VehicleJourneys, JourneyPatterns etc to StopPoints are not shown in Figure
3-1).

o Both types of service have a reqistered Operator, who runs the service. Other
associated operator roles can also be specified.

e A Registration specifies the registration details for a service. It is mandatory in the
registration schema.

Figure 3-1 shows, in UML class diagram notation, the basic elements of the TransXChange
schema. Reusable elements with a global scope are organized beneath the root
TransXChange element of the schema by container elements; that is, Routes, StopPoints,
Services, Operators and VehicleJourneys. (Note that this picture is a simplification: for
example, there are some other global containers, such as ServicedOrganisations and
RouteSections, which are not shown.)
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Figure 3-1 — UML Overview of TransXChange Model for a
StandardService
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Figure 3-2 shows further elements of the TransXChange model.

e A ServicedOrganisation can be used to specify a school, works or other
organisation served by a service.

¢ A Stop may be part of a group of stops making up a StopArea , and may reside in a
topographic region specified by an NptgLocality .

e A Route may be made up of reusable JourneyPatternSection

e A JourneyPattern may be made up of reusable JourneyPatternSections

e Arregistration may be accompanied by SupportingDocuments
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