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Stakeholder engagement is often a significant challenge for the
systems engineering practitioner, particularly in industries that are
immature in their adoption of systems engineering techniques. Lack
of understanding of systems approaches, and the value that they
add, make it difficult to elicit input from clients, partners, and even
other engineering disciplines. This paper advances techniques for
improving engagement through the design of diagrams that cater
to stakeholder needs, and that are developed in collaboration with
them.

By providing a straightforward diagrammatic view of the system
information, and making this view available to a wide audience,
feedback on the structure and content of the information is typically
more forthcoming. With this in place there is less reliance on right-
first-time system information, and an iterative development process
can be followed.

Examples of diagrammatic views are presented, along with ex-
planations of their use in rail projects in both the UK and Australia.
These show how engaging stakeholders through simple diagrams can
be the start of a pathway into more advanced systems engineering
techniques.

Stakeholder engagement

Stakeholder engagement is a mechanism used by most large organ-
isations to reach understanding and agreement around complex or
concerning issues relating to their business. It forms a key part of
corporate social responsibility, where stakeholder engagement is
often used as a synonym for public engagement; however, depend-
ing on the area of an organization’s business, the set of stakeholders
may be significantly wider than just the general public. For exam-
ple, in major infrastructure programmes the public will typically be
engaged as an end user, alongside operators, maintainers, manufac-
turers, supply chain organisations, governmental bodies, regulators,
design and build contractors, facilities providers, shareholders, and
many more.

The responsibility for engaging with stakeholders is usually split
across the organisation depending on the task at hand, and could
fall to one of several internal departments. For an engineering
project it may be the task of either project management or systems
engineering. From the perspective of systems engineering, it is of-
ten beneficial to detail which stakeholders relate to the specific sys-
tems of interest. In the systems view, stakeholders can exist within
the organisation or delivery programme, such as: engineering disci-
plines, related projects, safety representatives, and management.

Engineering stakeholder management is a large field that is well
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covered in the general project management literature, for example
by the Project Management Body of Knowledge (PMBoK).4 It typi- 4 Project Management Institute. Project

management body of knowledge
(PMBOK). 2017

cally involves activities such as stakeholder identification, analysis,
mapping, planning, and management. One aspect that typically
comes under the remit of the systems engineer on a project is the
definition of stakeholder needs.

The Systems Engineering Body of Knowledge (SEBoK) recom-
mends a number of approaches for collecting stakeholder needs
and requirements, a number of which are diagrammatic, e.g. use
case, functional flow or activity diagrams.5 SEBoK also lists the 5 SEBoK contributors. Systems engi-

neering body of knowledge (SEBoK) –
stakeholder needs and requirements.
2017

following as major pitfalls encountered in dealing with stakehold-
ers: the operator role not being considered; exchanges or physical
connections with external objects being forgotten, and stakeholders
being forgotten.

Although the focus within the systems engineering literature
is typically on needs and requirements, there is a wealth of other
information that should be gathered from stakeholders, particularly
in large scale integration programmes where it can be difficult
to agree a common understanding of programme aspects such
as scheduling, design input, and interface ownership allocation.
In this work we are interested in this larger problem of engaging
engineering stakeholders, to provide and agree on a specific set of
technical or project information.

Outside of systems engineering a similar problem is addressed
in various fields involved in large scale societal change, such as
sustainable farming methods or climate change mitigation, where
stakeholder engagement plays a vital role.6 Research in this area 6 Debra Sequeira and Michael Warner.

Stakeholder engagement: a good
practice handbook for companies
doing business in emerging markets.
International Finance Corporation, 2007

has proposed a number of models around the concept of a ladder
of participation.7 These typically range from non-participation at

7 Sherry R Arnstein. A ladder of
citizen participation. Journal of the
American Institute of planners, 35(4):
216–224, 1969 ; Roger Hart. Ladder of
young people’s participation. R. Hart
Children’s Participation from Tokenism to
Citizenship, 1992 ; and Jules N Pretty.
Participatory learning for sustainable
agriculture. World development, 23(8):
1247–1263, 1995

the bottom of the scale, through information provision and con-
sultation, up to partnership and, ultimately, stakeholder control at
the top. The general message being that increasing participation,
through changes in project engagement approach, will lead to im-
proved outcomes overall. This type of model has been criticised
however, for failing to capture the dynamic nature of user involve-
ment and users’ individual agency in determining their own level
of involvement.8 Applying the ladder of participation concept from

8 Jonathan Quetzal Tritter and Alison
McCallum. The snakes and ladders
of user involvement: moving beyond
Arnstein. Health policy, 76(2):156–168,
2006

an engineering perspective these criticisms seem valid, alongside a
general concern that most stakeholders would simply not be quali-
fied to take full control (the top of the ladder) in the type of projects
we are interested in. Those points notwithstanding, the approach
proposed in this paper is aimed at moving stakeholders up the
ladder of participation.

The need for a cycle of stakeholder consultation is well recog-
nised, with five steps for iterative consultation being proposed as:
plan ahead; consult using basic principles of good practice; incor-
porate feedback; document the process and results of consultation;
and report back.9 This provides a sound general concept, but does 9 Sequeira and Warner, 2007

not detail specifics in achieving the steps; here we provide those
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details in the specific context of systems engineering.
In developing any effective stakeholder engagement approach

negative psychological and social phenomenon such as the band-
wagon effect (increased acceptance of ideas based on their adoption
by a number of others), groupthink (poor decision making due to
a desire for conformity) and communal reinforcement (increased
preference for ideas due to their repeated assertion within a com-
munity) should be taken into account. In contrast there are also a
number of positive effects that should be maximised such as the
wisdom of crowds (the tendency for estimation from a group to be
better than from their individual members) and the benefits gained
from collaboration and peer review.

A number of general purpose approaches to crowdsourcing
information have been implemented to attempt to address these
issues and magnify the positives. These include techniques such as
prediction markets (aggregation of information through the placing
of bets) and the Delphi method (iterative facilitated forecasting by a
panel of experts to reach consensus predictions). Whilst these may
be too complex and resource intensive for most stakeholder engage-
ment issues, some of their key strengths are noted for application to
our process, specifically:

• Gathering input from a large number of contributors;

• Polling of participants individually;

• Repeated iterations to drive towards consensus;

• Review of results and reasoning in between iterations;

• Weighting of responses based on the responders’ confidence and
credibility.

A number of these are built-in to the proposed process, others
should be considered by the practitioner during its implementation.

Diagrams in systems engineering

A case can be made that the use of diagrams, or more generally,
data visualisations, is an essential systems engineering skill.10 The 10 John Welford. Data visualisation

for systems engineers. In INCOSE UK
Annual Systems Engineering Conference,
2016

importance of ensuring communication and collaboration in or-
der to manage interfaces — between both different disciplines and
disparate stakeholders — requires an approach that is effective,
formal and precise. Alongside unstructured free-form text, struc-
tured diagrammatic approaches are frequently used to fulfill this
need. In general, these may take the form of: work breakdown
structures and Gantt charts in project planning; 2D and 3D design
images in computer-aided design (CAD); flowcharts and systems
models for process control; bar, scatter and pie charts in reporting;
dashboards and control panels for human-factors work. Within sys-
tems engineering there are many further system views that can be
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represented graphically, including: requirements traceability; func-
tional/product/system breakdown structures; interface matrices;
cause and effect diagrams; and sequence diagrams.

Certain techniques and disciplines take this a stage further, cen-
tering the whole engineering process around modelling and visual
methods. Model-based Systems Engineering (MBSE) is an increas-
ingly widely accepted approach to practicing systems engineering;
the INCOSE Systems Engineering Vision 2025 positioning paper
states: ‘Model-based Systems Engineering will become the “norm”
for systems engineering execution, with specific focus placed on
integrated modelling environments.’.11 MBSE is centred around 11 INCOSE. World in motion: Systems

engineering vision 2025. International
Council on Systems Engineering, San
Diego, CA, USA, 2014

using an information repository, or model, as the single source of
truth on a project. The information contained in the model is typi-
cally both presented and edited in diagrammatic form.

Other disciplines and domains are also pushing to operate in
a more digital-centric manner.12 Building Information Modelling 12 WSP | Parsons Brinckerhoff. Digital

life, digital legacy, 2014(BIM) is a process finding increasing use in infrastructure pro-
grammes that uses three (or higher) dimensional federated digital
physical structure models, sourced from multiple disciplines or
parties, as the central design resource. Two dimensional diagrams
may then be rendered from the main model for review and produc-
tion. This bears a close resemblance to the MBSE approach, and the
similarities between the two is an area of active investigation.13 13 James Towers. Update on MBSE &

BIM work-stream, September 2017In industries such as aerospace and defence, where systems
engineering techniques were originally developed and proven,
stakeholders have generally been on the development journey
alongside the systems engineers, and therefore the highly-evolved
products of modern systems engineering tend to be well accepted.
Relatively complex notations such as the Systems Modelling Lan-
guage (SysML) are recognised, understood, and provide an effective
means of communication. It has been noted that these types of
highly-evolved notation may be less well accepted by stakeholders
in other domains, such as rail.14 In these cases it is contended that 14 Welford, 2016

simplified or more familiar diagram types may generate improved
stakeholder engagement.

In this paper we propose a process for developing diagrams in
active collaboration with stakeholders, and present case studies
around two diagram types that have been shown to work well in
the rail industry. These demonstrate increased stakeholder accep-
tance of the diagrams and their information, due to their involve-
ment in its evolution.

The specific details of implementation are not prescribed by the
process, meaning it may be used for the production of isolated
diagrams, or as part of a larger more integrated information man-
agement approach. It is recommended that an integrated approach
be pursued where possible, allowing the production of multiple
different diagrams from the same set of background data. This also
allows the development of interactive diagrams, which can display
additional or alternative information based on user selections.
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Diagram development process

An overview of the process is shown in Figure 1 with each step
being outlined in more detail below.

Information to be
captured

Compile list of
information
stakeholders

Design a diagram

Discuss information
with stakeholders

Estimate
information values

Populate diagram
with information

Review diagram
with stakeholders

Update diagram

Release diagram
update

Stakeholders
propose diagram

changes

Figure 1: Diagram development
process

Prerequisites and assumptions

The process outlined in this paper is concerned only with the en-
gagement of stakeholders on a particular set of information. This
may be related to needs and requirements, or it may be aspects
of design, system operation, interface management, programme
scheduling, funding, task allocation, or any number of other engi-
neering issues. The term stakeholders is also used in the broadest
sense, to include not only the end-users of the system of interest,
but also all those involved in its procurement, design, delivery,
commissioning, operation, maintenance, governance, and disposal.

We assume that this process is surrounded by an effectively
implemented stakeholder management plan; detail on achieving
this is beyond the scope of this paper, but is extensively covered by
guides such as PMBoK.15 At process commencement the relevant 15 Project Management Institute, 2017

stakeholders should already be mapped and analysed, such that
their involvement, understanding and influence are understood.
Throughout the process it is possible that new stakeholders may
be identified; these should be noted and the management plan
updated accordingly.

We also assume that the stakeholder review and discussion pro-
cess happens in a distributed manner, rather than with all stake-
holders around one table. Often the sheer number of stakeholders
will make this difficult, and they are regularly preoccupied with
other work that makes your information requests a relatively low
priority for them. Where it is possible to arrange group stakeholder
meetings then the process can progress much more rapidly, how-
ever there are also downsides to this approach – such as direct
conflicts between stakeholders, and the issues around groupthink,
bandwagon effect, and communal reinforcement noted above. The
best approach will need to be determined on a case-by-case basis,
however the absence of even a single stakeholder from a meeting
room requires that a distributed process be followed. Where group
meetings are used then a very similar process would still apply, but
iteration on the steps of diagram update and review may happen
very rapidly within a single meeting.

Where information is already documented then its original
source data should be investigated. Our process does not provide
for input from non-stakeholder sources, as this type of data is ei-
ther incontestable fact – in which case it is not open to stakeholder
discussion and the process is not required, or it is sourced from a
stakeholder – in which case they need to be included in the process.
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Process start – Information to be captured

The process commences when a set of information is identified as
required by the project, which needs to be sourced from, or ap-
proved by, a set of stakeholders. This information should have a
clear, concise and unambiguous definition. At this stage it may be
helpful to structure a spreadsheet or database to record the infor-
mation when it is captured. This should prompt consideration of
the relevant set of attributes that will accompany each data item. As
mentioned previously, consideration should also be given to inte-
grating information from multiple diagrams into a single dataset.

Compile list of information stakeholders

As a full set of stakeholders should already be known for the
project, this may be reduced to a smaller set to whom the infor-
mation is expected to be relevant. Where the stakeholder is a whole
organisation or team then an individual should be nominated as
a point of contact. This will form the distribution list for later di-
agram release, and a review panel for discussion about the dia-
gram and information. It will also shape the design of the diagram,
which may need to be at a high or low level of detail depending on
the depth of stakeholder knowledge.

Ownership of information should be considered at this stage,
ideally as part of a configuration item identification process. This
is necessary to ensure accountability, enabling the authorisation of
baselines and the sign-off of diagram releases.

Discuss information with stakeholders

Once a set of stakeholders for the information is identified then
initial discussions with them can begin to appraise their views on
what the data should be. It is suggested that this be done without
reference to any new diagrams, and be based purely on stakeholder
descriptions and any information sources that they are able to
provide. The introduction of new diagrams containing incorrect
information at this stage is likely to be disengaging and should
therefore be avoided.

Design a diagram

Based on understanding the information required, and the set of
stakeholders with an interest in it, a suitable diagram may be con-
sidered to display it. The term diagram is used in the loosest sense
here as, for small information sets, a simple table of data may be
sufficient. A wide range of standard diagram types are available
in common software tools that may be able to assist with this, and
there is considerable literature on diagramatic best practice which
should be followed.16 For certain information it may be beneficial 16 Stephen Few. Show me the numbers:

Designing tables and graphs to enlighten.
Analytics Press, 2012

to design bespoke diagrams to capture data across multiple dimen-
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sions, or to ensure that the presentation method is familiar and
acceptable to the key stakeholders.

It is important to ensure that the diagram produced is both use-
ful and attractive. The aim is to have something suitable for dis-
playing in print format on a wall, or that can be laid out on a table
for discussion at a meeting. Producing a useful and attractive out-
put will substantially increase the engagement of stakeholders and
provoke significantly more feedback on its correctness. During de-
sign and development of the diagram it is strongly recommended
that the visual aspects be ‘data-driven’, such that the actual data
may be stored separately. This will considerably reduce the work-
load involved in updating the diagram, promoting faster updates
and increased iterations. This is especially relevant where the di-
agram is tailored to specific stakeholder groups, and therefore the
same data may be used to drive multiple diagrams.

Associated with this an effective configuration control mech-
anism should be set up for both the diagram itself and its back-
ground data; the data should be recognised as a configuration item,
with the diagram representing a stable baseline of the item at re-
lease. This will ensure clarity during discussions with stakeholders
who will undoubtedly end up working from an outdated version at
some stage.

Estimate information values

Alongside diagram design and stakeholder discussions it is use-
ful to make some estimation of the information that we expect to
gather, based on experience and sound engineering judgement. For
many information sets there will be data that stakeholders are sim-
ply unable to supply or even suggest; for these it is useful to have
some starting point to guide discussions. Significant deviations be-
tween estimates and stakeholder supplied data can also be a useful
indication that discussions are happening at crossed-purposes and
should prompt a more detailed conversation about what the data
actually means.

At this stage some thought should also be given to the best way
to indicate on the diagram that data has some uncertainty about it.
Dashed lines, bounded regions or fuzzy edges can all be reasonable
ways to convey this information. It should be clear to a viewer that
certain data has been stakeholder supplied, whereas other data is
the product of estimation. Ideally this will prompt the supply of
more accurate data as the process continues.

Populate diagram with information

Once initial data has been gathered and/or estimated, and the
structure of the diagram and data-set established, it should be
straightforward to populate the diagram to produce an initial ver-
sion. This will almost certainly be wrong in some way, but hope-
fully it is sufficient to demonstrate what is required at the end of
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the process. The remainder of the process is simply the correction
of errors in this first version.

Review diagram with stakeholders

It is recommended that the diagram not be directly released to
stakeholders at this point, particularly if it contains a large amount
of data not sourced from them, or it is in a format that they are not
used to; this can be disengaging and produce a level of distrust in
the diagram that may be hard to regain. Instead consider reviewing
the diagram with each stakeholder in turn, discussing the source
of information and why the diagram design has proceeded in this
manner. This exercise can be time-consuming, but it will build an
initial understanding and confidence in the product that will pay
dividends later in the process.

During the review period it is worth being cognizant of the
stakeholder’s appetite for the review meetings and their level of
energy. Where multiple reviews are conducted, there is a risk of
stakeholder exhaustion. This needs to be gauged and managed in
order to keep the stakeholders engaged with the process.

Update diagram

These initial reviews are likely to source a large amount of feedback
on what is wrong or missing from the diagram. This data should be
collected and passed through the version control system ensuring
that the source of each data item is clearly noted. The diagram may
then be updated to produce a second version which is ready for
release to stakeholders.

Depending on the complexity and contentiousness of the in-
formation being determined, many iterations and releases of the
diagram may be necessary – it is highly unlikely that it will be cor-
rect after the second release. Stakeholders will have different views
on what the correct set of data is, and these will take some discus-
sion to resolve. Missed data items will also come to light as things
progress.

Release diagram update

Release to stakeholders should be well coordinated and use a fixed
distribution list. The aim is to ensure that everyone is working from
the same up-to-date set of information and that previous versions,
which may have been posted to notice boards or distributed to third
parties, are also updated. Having the whole process implemented
within an overall configuration management system will help sub-
stantially at this stage.

During release the iterative nature of diagram development
should be emphasised to stakeholders, to encourage the provision
of feedback and to prepare them for the possibility of changes to
the data in the future.
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Stakeholders propose diagram changes

Once stakeholders have had time to review a new release of the dia-
gram then specific discussions may be set up to discuss changes or
additions to the data set. Once the process is working well and the
diagram has been accepted by stakeholders then proposed changes
to the diagram may start to come in unsolicited – when stakehold-
ers begin referencing the diagram without being prompted you
will know that you have created something of value and that the
process has become sustainable.

Outcomes

This process follows the proven practices outlined in SEBoK: in-
volve stakeholders, capture rationale, use modelling techniques,
and use tools.17 It allows for stakeholders to be taken on the jour- 17 SEBoK contributors, 2017

ney of diagram development with the systems engineering team,
and provides the following benefits:

• Better project outcomes due to increased knowledge input;

• More educated stakeholders in the process of system engineer-
ing;

• Increased networking with the stakeholder community;

• Higher likelihood of information/diagram acceptance by stake-
holders due to accountability for its development;

• Early identification of project delivery issues due to a regular
review cycle;

• More complete modelling of the system of interest.

Case studies

WSP has a proven track record in delivering systems engineering
consultancy to infrastructure clients internationally on numerous
world class projects. In this section case studies are presented to
show how the implementation of the process described above pro-
vided effective engagement with stakeholders on two large scale
rail programmes. The systems engineering role in both cases was
focussed on systems integration across multiple projects. WSP has a
tried and tested framework for this type of integration, of which the
process outline here forms one component.18

18 Malcolm Thomas, Paul Carter, and
Alan Knott. SE for different industries:
one size fits all? In INCOSE UK Annual
Systems Engineering Conference, 2013 ;
and Steven Turner and John Welford.
System integration in a fragmented rail
industry, September 2016

Throughout the case studies reference is made in the sidenotes to
the applicable process steps that were followed.

Physical Architecture diagrams in London Underground Since 2014, WSP has been the lead
systems integrator for the Deep Tube
Upgrade Programme in London. The
programme is a multiple line upgrade,
introducing new rolling stock, a
new signalling system, altered track
configuration, and a new operational
concept.

The London Underground Deep Tube Upgrade Programme offered
up a complex system of interest whose lifecycle spans 40 years
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(from feasibility to design, implementation, and through to eventual
decommission of rolling stock).

Initial modelling of the systems had been carried out, before
the arrival of WSP. It was done using a specific MBSE tool which,
whilst not necessarily wrong, was difficult to validate due to lack
of rail stakeholder engagement with the SysML diagrams used.
The team met with the stakeholders to understand why the SysML
diagrams weren’t working and what they needed. Feedback was
that the SysML appeared to be developed ‘just for the sake of it’,
and some value needed to be demonstrated in the development. In
order to specify and understand the components of the system and Information to be captured

their interfaces, based on input from the project Engineering Design
Group and Project Sponsors, a new physical architecture view of Information stakeholders

the model was produced. Design a diagram

Each element on the physical architecture represented an el-
ement in the original model, but was accompanied by pictorial
representations of the rail assets to produce a more engaging di-
agram that was understandable to the stakeholders. This type of
system view is particularly beneficial in the rail domain due to
projects typically representing an incremental upgrade of existing
infrastructure, therefore gaining a clear understanding of the cur-
rent system which is essential before considering any additions or
changes occurring within the project.19 19 Welford, 2016

The development of the physical architecture started on a small
scale, focussed on the train and its current components and inter-
faces, as shown in Figure 2. The Train was chosen as the first focus
area due to the project being very train-centric. The first draft of the
train physical architecture was populated based on the develop- Populate diagram

ment team’s domain knowledge to represent a generic rolling stock Estimate information values

system. Although the diagram was not fully correct at this stage,
it was suitable for the first review with stakeholders. The elements
were mostly placeholders to prompt discussion with the stakehold-
ers and provoke familiarity with the level of detail contained in the
diagram.
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Figure 2: Train physical architecture

It was noted that the stakeholders found the diagram easier to
relate to than the spreadsheets used to store the raw information.
The diagram also made an impact within the London Underground
office due to its very visual nature.

Following reviews of the initial drafts with specific rolling stock Review diagram

and train control systems engineers, followed by diagram updates, Update diagram
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the physical architecture of the current train was released to wider Release diagram update

stakeholders for endorsement. Encouragingly, even at this early
stage, stakeholders began to identify discrepancies and knowledge
gaps.

From developing the train section it became evident that there
needed to be depot and maintenance facilities to maintain a new
type of rolling stock. So the diagram was expanded to cover the
train maintenance and stabling areas, as shown in Figure 3.
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Figure 3: Train maintenance and
stabling physical architectureWith each iteration of the diagram, it became more accurate and

was used more extensively by the stakeholders in meetings and
workshops. Eventually a diagram of the whole system of interest Stakeholders propose changes

was developed, having been validated by the stakeholders through-
out its development; a version of this is shown in Figure 4.

Whilst updating the diagram a Product Breakdown Structure
(PBS) database was built to record technical data relating to each
element, supported by an interface register. The PBS formed the
single source of truth for the project and contained over 550 unique
elements, split into 21 high level groupings and broken down in
up to six layers to get to the lowest-level elements. Each element
was eventually included on the physical architecture diagram. This
provided an information repository where:

• All the identified rail assets/elements existed in one database;

• All the technical and project information about an element was
recorded;

• Each element was assigned to a specific group of stakeholders
for ownership;

• Each element had its interfaces recorded and linked to an inter-
face register;

• Each element was linked to functional and non-functional re-
quirements;

• Elements could be linked to assumptions and risks.



‘picture this!’, provoking stakeholder engagement through diagrammatic iteration 12

Transition Between Mainline Railway and Depot
OBJ-88

Signal Post 
Telephones

OBJ-07-12

DNO Supplies

OBJ-05-19

LU LV Distribution 
Network

OBJ-05-18

Automatic Train 
Protection (ATP) 

System

OBJ-03-01
!

Automatic Train 
Operation (ATO) 

System

OBJ-03-02
!

Automatic Train 
Service (ATS) 
Supervision

OBJ-03-03

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

Radio Network Core

OBJ-03-05

Wayside Equipment 
Controller

OBJ-03-06

S&TC Radio 
Network

OBJ-04-17

Zone Controller 
(ATC)

OBJ-03-09

LU Radio Network 
(RCS Interfaces)

OBJ-2073

Operational Control 
System (OCS)

OBJ-64

Communications 
Network

OBJ-04-18

TfL Data Centres

OBJ-04-09

Trackernet

OBJ-04-01

LU Data Network 
(RCS Interfaces)

OBJ-2071

LU Power SCADA 
Network (RCS 

Interface)

OBJ-2076

(TETRA) Radio

OBJ-04-10

LFEPA Radio

OBJ-04-12

Operational Control 
System (OCS)

OBJ-64

Communications 
Network

OBJ-04-18

DNO Supplies

OBJ-05-19
Legacy Piccadilly 
Signalling System

OBJ-02-01

Frequency 
Changers

OBJ-05-15

LU Power SCADA 
Network (Infrastructure 

Interface)

OBJ-2075

LU Power SCADA 
RTUs

OBJ-05-07

Traction Voltage 
Recorders

OBJ-05-10

Air Mains and 
Compressors

OBJ-05-02

Air Main Network

OBJ-05-03

Earthing and 
Bonding System 

(Main Line)

OBJ-05-04

LU LV Distribution 
Network

OBJ-05-18

LU HV Distribution 
Network

OBJ-05-13

Central Emergency 
Power Supply 

(CEPS)

OBJ-05-21

HV Switchboards

OBJ-05-16

Traction Rectifiers

OBJ-05-08

Inverters

OBJ-05-09

DC Switchboards

OBJ-05-22

Traction Isolation 
Switches (TIS)

OBJ-05-20

Emergency Traction 
Discharge System

OBJ-05-06

Auxiliary 
Transformers

OBJ-05-11

LVAC Switchboards

OBJ-05-17

Power SCADA 
Workstations

OBJ-18-01

Power SCADA 
System

OBJ-18-03

Power Controller

OBJ-18-02

Telephony

OBJ-18-04

LU Power SCADA 
Network

OBJ-04-06

LUCC Staff

OBJ-20-01

BTP Staff (LUCC)

OBJ-20-02

LUCC Workstations

OBJ-20-04

BTP Terminals

OBJ-20-05

LUCC Telephony

OBJ-20-03

Operators' Desks 
(Earl's Court)

OBJ-66-01

Service Controllers 
(Earl's Court)

OBJ-66-04

Operators' Terminal 
(Southgate - East 

End Control)

OBJ-66-02

Operators' Terminal 
(Arnos Grove - East 

End Control)

OBJ-66-03

Telephony (Earl's 
Court)

OBJ-66-05

TfL Enterprise 
Network

OBJ-04-07

Signallers (Rayners 
Lane)

OBJ-17-02

Operators' Desks 
(Rayners Lane)

OBJ-17-03

Telephony (Rayners 
Lane)

OBJ-17-04

TfL Enterprise 
Network

OBJ-04-07

Operational Control 
System (OCS)

OBJ-64

Sumps

OBJ-12-02

Pumps

OBJ-12-03

Floodgates

OBJ-12-06

Train Maintenance 
Facility Structures 

and Buildings

OBJ-47-10

Lineside Structures

OBJ-47-05

Station Structures

OBJ-47-07

Legacy SERs / 
CERs

OBJ-47-08

Tunnels

OBJ-47-04

Cable Route 
Management 

Systems (CRMS)

OBJ-47-06

Platform Structures

OBJ-33-08

Cuttings and 
Embankments

OBJ-47-03

Under Bridges

OBJ-47-02

Over Bridges

OBJ-47-01

TfL Enterprise 
Network

OBJ-04-07

DNO Supplies

OBJ-05-19

Local Ventilation 
Control Panels

OBJ-11-03

Cooling 
Management and 
Control System

OBJ-11-01

Maintenance 
Management 

System (MMS)

OBJ-11-02

Vent Emergency 
Stop

OBJ-11-04

Station Fire System

OBJ-30-07

Tunnel Ventilation

OBJ-11-05

Station Ventilation 
and Cooling

OBJ-11-06

Jet Fans (PEDs)

OBJ-11-07

Operational Control 
System (OCS)

OBJ-64

Tunnel Lighting 
System

OBJ-13-01

Communications 
Network

OBJ-04-18

S&TC Train to 
Wayside Antennas 
and Leaky Feeders

OBJ-07-02

Axle Counters

OBJ-07-03

Axle Counter 
Evaluator

OBJ-07-04

Track Circuits

OBJ-07-06

Static Lineside 
Operational Signage

OBJ-07-13

Fixed Data Balise

OBJ-07-07

Train Stops

OBJ-07-09

Colour Light Signals

OBJ-07-10

Shunt Signals

OBJ-07-11

LU Radio 
Infrastructure

OBJ-08-01

4G Mobile Coverage

OBJ-08-02

LU Data Network

OBJ-04-05

LU Radio Network

OBJ-04-11

Tunnel Telephone 
Wires

OBJ-09-03

LU Data Network

OBJ-04-05

Traction Earth 
Detectors

OBJ-09-04

P-CRIDs

OBJ-09-05

Traction Voltage 
Detectors

OBJ-09-01

Third and Fourth 
Conductor Rail (DC) 

(Main Line)

OBJ-09-02

Traction Isolation 
Switches (TIS)

OBJ-05-20

Current On-Line 
Relays

OBJ-09-07

Check Rails (Main 
Line)

OBJ-10-05

Points and 
Crossings

OBJ-10-02

Point Heaters (Main 
Line)

OBJ-10-04

Train Arrestors 
(Main Line)

OBJ-10-06

Track Circuit 
Interrupters

OBJ-10-09
Bi-directional 
Locking and 

Detection

OBJ-10-07

Running Rails (Main 
Line)

OBJ-10-01

Pneumatic Point 
Machines

OBJ-10-08

Motorised Point 
Machines (Main 

Line)

OBJ-10-03

Signalling 
Power

TfL Applications

OBJ-64-04

!
Note: Security issues 
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Traction and 
Braking System

OBJ-27-03

Auxiliary Power 
System

OBJ-27-08

Collector Shoe

OBJ-27-02

Saloon Air Cooling 
and Heating System

OBJ-25-22

Suspension System

OBJ-25-24

Lighting and 
Emergency Lighting

OBJ-25-12

Bogies (New Train)

OBJ-25-25

Walkthrough 
Gangways

OBJ-25-26

Door Audible \ 
Visual Warnings

OBJ-25-11

Train Door System

OBJ-25-10
!

East End Control Back Up
OBJ-66-06

[OBJ-17-06] Cockfosters IMR

[OBJ-17-07] Oakwood IMR

[OBJ-17-08] Arnos Grove IMR

[OBJ-17-09] Wood Green IMR

Signalling and Train Control (S&TC)
OBJ-01

OBJ-04

Information and Communications 

Technology (ICT)

Operational Control 

System (OCS)
OBJ-64

Power Distribution and Substations
OBJ-05

Trackside / Tunnel Systems and Rail Infrastructure
OBJ-06

Civil Infrastructure
OBJ-47

Flood Protection, Pumps and Drainage
OBJ-12

Tunnel Ventilation and Temperature Control
OBJ-11

Tunnel Lighting
OBJ-13

Permanent Way
OBJ-10

Electrical Track Equipment (ETE)
OBJ-09

Lineside Telecoms
OBJ-08

Trackside Signalling and Train Detection
OBJ-07

RCS (S&TC)
OBJ-03

Legacy Rolling Stock
OBJ-21

Command and Control
OBJ-14

Mobile Monitoring
OBJ-49

Staff Management
OBJ-68

Infrastructure Maintenance
OBJ-19

LU Power Control
OBJ-18

LU Control Centre (LUCC) (Palestra House, Southwark)
OBJ-20

Earl's Court Control Centre
OBJ-66

Rayners Lane Signalling Cabin
OBJ-67

New Train
OBJ-25

Adhesion Management
OBJ-50

Train Simulators
OBJ-65

Door Control Unit

OBJ-33-03Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

PTI Equipment 
Controller

OBJ-33-15
!

Train Ready to 
Depart Indicator

OBJ-33-01

Passive Gap Filler

OBJ-32-01

Mechanical Gap 
Filler (Active)

OBJ-32-02
!

Secondary 
Detection

OBJ-32-03
!

Platform Edge 
Doors (PEDs)

OBJ-32-04

Audiable \ Visual 
Warnings (PEDs)

OBJ-32-05

Outside Door 
Indicator Lights 

(ODILs)

OBJ-32-06

PED CCTV Cameras

OBJ-32-07

Emergency Door 
Release (PED)

OBJ-32-08

PED Modules
OBJ-32

Jet Fans (PEDs)

OBJ-11-07

Emergency PED 
Access / Track 
Access Doors

OBJ-33-06

Platform Structures

OBJ-33-08

Platform Humps and 
Boarding Ramps

OBJ-33-09

Station Staff

OBJ-30-17

Passenger(s) 
including PRMs

OBJ-25-19

Legacy Stopping 
Markers (S-Stock)

OBJ-597

Platform-Train Interface (PTI)
OBJ-33

Station Platforms
OBJ-31

Wireless Access 
Point

OBJ-31-01

Platform Headwall 
Equipment

OBJ-31-03 TfL Enterprise 
Network

OBJ-04-07

Platform-Train Interface (PTI)
OBJ-33

Train Maintenance and Stabling
OBJ-37

Station Systems
OBJ-30

Prestige Network

OBJ-30-21

Air Main Network

OBJ-05-03

TfL Enterprise 
Network

OBJ-04-07

Gatelines

OBJ-30-20

Underground 
Ticketing System

OBJ-30-19

Station Fire System

OBJ-30-07

Public Address 
System

OBJ-30-06

Emergency Do Not 
Enter (EDNE) Signs

OBJ-30-27

Local Ventilation 
Control Panels

OBJ-11-03

Electronic Service 
Update Boards 

(ESUBs)

OBJ-30-10

Event Controller 
(Mobile)

OBJ-49-01

Station Staff

OBJ-30-17

E-Advertising 
(Stations)

OBJ-30-11

Cross Platform 
Projection

OBJ-30-22

Telephony 
(Stations)

OBJ-30-18

Legacy Station 
Management 
Workstations

OBJ-30-16

Visual Electronic 
Display Drive 

System

OBJ-30-09
Station CCTV 

System

OBJ-30-08

Building 
Management System 

(BMS) (Stations)

OBJ-30-14

BMS Remote 
Terminal Units 

(RTUs)

OBJ-30-15

Station Management 
System (SMS)

OBJ-30-12

SMS Remote 
Terminal Units 

(RTUs)

OBJ-30-13

Passenger Help 
Point System

OBJ-30-04

Lift Call Point 
System

OBJ-30-05

Escalators

OBJ-30-02

Lifts

OBJ-30-03

HVAC System 
(Stations)

OBJ-30-01

Station Power
OBJ-34

Switchboards 
(Located in sub-

stations)

OBJ-34-03

Offline Battery 
Invertor (OLBI)

OBJ-34-01

Uninterruptible 
Power Supplies 
(UPS) (Stations)

OBJ-34-02

Switchboards 
(Located in sub-

stations)

OBJ-34-03

Changeover 
Switches 

(Signalling)

OBJ-03-12

Signalling UPSs

OBJ-03-13

LU LV Distribution 
Network

OBJ-05-18

DNO Supplies

OBJ-05-19

AMS - CAS

OBJ-50-01

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

Adhesion 
Controllers' 

Workstations

OBJ-50-02

Adhesion Controller

OBJ-50-03

Shunter

OBJ-44-01

Train Stabling Areas
OBJ-44

Low Negative Shoe 
Detectors

OBJ-45-02

Train Maintenance Areas (Trains Under Manual Control)
OBJ-45

Lineside Train 
Inspection 
Equipment

OBJ-45-05

Train Wash

OBJ-45-03

External Body 
Cleaning Facilities 

and Equipment

OBJ-56-01

Internal Body 
Cleaning Facilities 

and Equipment

OBJ-56-02

Underframe 
Cleaning Facilities 

and Equipment

OBJ-56-03

Train Cleaning Facilities
OBJ-56

Train Maintenance Planning Facilities, Offices and Accommodation
OBJ-42

Train Crew Accom. and Welfare
OBJ-63

Train Maintenance and Stabling Security
OBJ-43

LU Radio Network

OBJ-04-11

Train Assembly and 
Commissioning 

Road

OBJ-46-02

Materials 
Management (SAP) 

System

OBJ-54-05

SAP Workstation

OBJ-54-06

Store Manager

OBJ-54-03

Existing Rolling 
Stock Stores

OBJ-54-02

New Rolling Stock 
Component Stores

OBJ-54-01

Rolling Stock 
Commissioning 

Equipment

OBJ-38-03

Train Maintenance Stores
OBJ-54

Maintenance Road 
Protection

OBJ-61-02
!

LU PMO Technician 
(Train Maintenance)

OBJ-61-01

Passenger(s) 
including PRMs 

(New Train)

OBJ-2086

Local Master Clock / 
GPS Clock

OBJ-30-25

Windscreen 
Cleaning

OBJ-25-17

Passenger 
Emergency Escape 

(M Door)

OBJ-25-18

Passenger(s) 
including PRMs 

(New Train)

OBJ-2086

Forward and 
downward facing 

cameras

OBJ-25-14

Whistle

OBJ-25-16

Auto-couplers

OBJ-25-15

Recovery Train 
Interface

OBJ-25-31

NTfL Train Operator

OBJ-26-02

NTfL Trainer

OBJ-26-06

Train Wire

OBJ-25-33

Diagnostics and Monitoring System
OBJ-28

Overhead Moveable 
Shore DC Supplies

OBJ-39-01

Air System and 
Compressors

OBJ-25-13

Train Operator 
(73TS)

OBJ-22-02

Train Cab (73TS)
OBJ-22

Passenger Comms and Security Systems
OBJ-29

Power, Traction and Braking Systems
OBJ-27

CCTV Interfaces

Note: One module is required for 
each platform edge door

Note: required as a final 
solution for stations 

without PEDs

De-icing Trains 
(Normal Variant) 

(73TS)

OBJ-21-08

Sweeper Trains 
(Normal Train)

OBJ-25-29

De-icing Trains 
(Normal Variant)

OBJ-25-28

PED Supporting 
Structure

OBJ-33-07

Master Clock

OBJ-04-15

Track Circuit 
Cubicle

OBJ-07-05

RCS (S&TC)
OBJ-03

Operational Control System (OCS)
OBJ-64

CDMT (Condition 
Monitoring)

OBJ-19-15

LU Data Network 
(RCS Interfaces)

OBJ-2071

TfL Enterprise 
Network (RCS 

Interfaces)

OBJ-2080

Train Doors

OBJ-25-40

Legacy OPO Systems
OBJ-33-19

RCS Equipment 
Rooms (TM&S)

OBJ-505

Note: Provision of public WiFi is not within the NTfL scope

Note: Not in 
NTfL scope.

Trainborne 
Emergency 

Equipment (73TS)

OBJ-22-04

In-cab Radio (73TS)

OBJ-22-01

Trainborne Radio 
System (73TS)

OBJ-21-05

Railway Control Organisation (RCO)
OBJ-80

Event Controller

OBJ-80-02

 Asset Performance 
Coordinator

OBJ-80-05

Asset Performance 
Technician

OBJ-80-07

Railway Manager

OBJ-80-06

Ventilation Fire 
System

OBJ-11-08

PTI Equipment
OBJ-81

Floodgate 
Signalling Interlock

OBJ-12-07

RCS (Sig)
Legacy Signalling

Shore Supply 
Recepticle

OBJ-27-10

Third and Fourth 
Conductor Rail (DC) 

(Main Line)

OBJ-09-02

From traction 
power supplies.

From traction 
power supplies.

Third and Fourth 
Conductor Rail (DC) 

(Main Line)

OBJ-09-02

Dot Matrix 
Indicators (DMIs)

OBJ-30-31

Substations
OBJ-05-26

Monitoring 
and Control

Headwall 
Telephones

OBJ-31-05

Monitoring 
and Control

PTI Enclosures

OBJ-33-20

PTI Enclosures

OBJ-33-20

PTI Enclosures

OBJ-33-20

Signalling 
Power

PTI Enclosures

OBJ-33-20

Trip

Interlockings

OBJ-03-08

Maintenance 
Control Terminal 

(MCT)

OBJ-03-11

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

S&TC Radio 
Network

OBJ-04-17

S&TC Radio 
Network

OBJ-04-17

S&TC Ground 
Communications 

Gateway

OBJ-07-01

Trainborne 
Automatic Train 
Operation (ATO)

OBJ-25-32
!

Trainborne 
Automatic Train 
Protection (ATP)

OBJ-25-05
!

Monitoring 
and Control 
Requirements 
for TISs TBD

TfL Data 
Management 

System

OBJ-04-21

Operational Control 
System (OCS)

OBJ-64

Operational Control 
System (OCS)

OBJ-64

Operational Control 
System (OCS)

OBJ-64

Sub-station Bleed 
Resistors

OBJ-05-27

Gap Jumper Cables

OBJ-09-09

Legacy 1973 Rolling Stock (73TS) (Piccadilly Line)
OBJ-21-A

Note:  The LU Radio & 
Data Networks are 

currently Connect assets.

OPO CCTV Cameras 
(New Train)

OBJ-33-13

Remote Terminal 
Units (RTUs) 

(Traction Power)

OBJ-05-56

Portable Device 
Chargers

OBJ-49-09

ATP Tachometers

OBJ-25-41

Note: Bi-di 
Locking is 
intrinsic to the 
electric points 
machines.

Legacy Lineside 
Staff Protection

OBJ-07-14

Speed Sensing 
Equipment

OBJ-27-12

Train Position 
Verification 
(Stabling)

OBJ-44-11

Note: It is 
understood that 
secondary train 

detection (such as 
track circuits) may 

be required in train 
maintenance and 
stabling locations 

for the new 
signalling system.

Legacy Tube Stock 
Coupler (73TS) 

(Interface/Adapter)

OBJ-21-11

TfL Security 
Management 

System

OBJ-04-25

TfL Identity 
Management 

System

OBJ-04-24

OBJ-2080

TfL Enterprise 
Network (RCS 

Interfaces)

Operational Control 
System (OCS)

OBJ-64

Legacy Piccadilly 
Signalling System

OBJ-02-01

Legacy Piccadilly 
Signalling System

OBJ-02-01

Surface Stock 
Detectors

OBJ-07-15

Air Supply

Legacy Piccadilly Line Signalling 

Systems
OBJ-02

Frequency 
Changers

OBJ-05-15

Legacy Relay Based 
Interlocking (Picc 

Line)

OBJ-02-03

From HV Network (See 
`Power Distribution and 

Substat ions`)

Power

Power

Legacy Piccadilly 
Signalling System

OBJ-02-01

Note: Piccadil ly Extension 
to Heathrow only:

PICU Control 
System 

OBJ-69-01

4LM Signalling 
Management Centre 

(SMC) (4LM)

OBJ-02-06

Vehicle Control 
Centre (VCC) (4LM)

OBJ-02-02

Interlocking 
Machines (Piccadilly 

Line)

OBJ-02-04

Third and Fourth 
Conductor Rail (DC) 
(Maintenance Areas)

OBJ-39-07

OCS Firewall

OBJ-64-05

ATC Firewall

OBJ-03-10

Trainborne Comms 
Antenna and Router

OBJ-25-42

Trainborne Data 
Comms

OBJ-25-08

Trainborne Data Comms
OBJ-25-08

Trainborne ATC
OBJ-25-37

Legacy OPO Mirrors 
(73TS)

OBJ-33-14

Legacy OPO CCTV 
Monitors (73TS)

OBJ-33-10

Legacy OPO CCTV 
Cameras (73TS)

OBJ-33-11

Legacy OPO CCTV 
System (73TS)

OBJ-33-12

Trap Points

OBJ-10-10

Trackside Drainage 
(TM&S)

OBJ-507

Track Bed (TM&S)

OBJ-37-09

Door Level Train 
Access (Stabling)

OBJ-44-08

Safe Walking 
Routes

OBJ-44-12

Track Bed (Main 
Line)

OBJ-10-17

Maintenance Facility 
Water Supply

OBJ-45-10

Train Wash - Train 
Detection

OBJ-45-09

Pedestal Shore DC 
Supplies

OBJ-39-08

Manual Train Door 
Release

OBJ-25-30

Warning Claxons 
and Lights

OBJ-45-07

Train Maintenance Staff Accommodation and Welfare
OBJ-42-09

Train Maintenance Operations and Planning Facilities
OBJ-42-05

Train Cleaning Fluid

OBJ-55-05

LU Radio Network

OBJ-04-11

Train Maintenance 
Workshops
OBJ-53

General 
Maintenance Shop

OBJ-53-02

Clean Room

OBJ-53-01

New Train Commissioning Facility
OBJ-87

HVAC System (Train 
Maintenance)

OBJ-44-06

LU PMO Technician 
(Infrastructure)

OBJ-19-16

Train Access Gates 
(Door Level) 

(Stabling)

OBJ-44-13

Door Level Train 
Access (Transition 

Areas)

OBJ-44-22

Safe Walking 
Routes (Transition 

Areas)

OBJ-44-21

Train Access Gates 
(Door Level) 

(Transition Areas)

OBJ-44-23

Third and Fourth 
Conductor Rail (DC) 
(Maintenance Areas)

OBJ-39-07

Shunter

OBJ-44-01

Manual Train Door 
Release

OBJ-25-30

Motorised Point 
Machines (TM&S)

OBJ-509

Pedestal Shore DC 
Supplies

OBJ-39-08

Overhead Moveable 
Shore DC Supplies

OBJ-39-01

Running Rails 
(TM&S)

OBJ-37-08

Train Arrestors 
(Train Maintenance)

OBJ-44-05

Third and Fourth 
Conductor Rail (DC) 

(Stabling)

OBJ-09-10

Power to other 
station sub-
systems.

Power to maintenance 
area / stabling sub-systems

Train Access Equipment (Maintenance)
OBJ-90

Train Servicing Facilities within Stabling Areas
OBJ-92

Point Heaters 
(TM&S)

OBJ-508

Train Wash Water 
Recycling

OBJ-45-11

Third and Fourth 
Conductor Rail (DC) 

(Stabling)

OBJ-09-10

Lighting (Safe 
Walking Routes and 

Train Access)

OBJ-44-14

Lighting (Safe 
Walking Routes and 

Train Access)

OBJ-44-24

Area Lighting (Train 
Maintenance)

OBJ-45-01

E.g. Cleaning Roads

Compressed Air 
Supplies (Train 
Maintenance)

OBJ-39-05

Dust Extraction 
Equipment

OBJ-56-04

Wheel Lathe

OBJ-38-01

Routine Inspection 
Equipment

OBJ-58-01

Routine 
Maintenance 
Equipment

OBJ-58-02

Inspection 
Equipment (Heavy 

Maintenance)

OBJ-60-01

Heavy Maintenance 
Equipment

OBJ-60-02

LVAC Supplies 
(TM&S)

OBJ-39-10

Substations

OBJ-05-26

Traction Isolation 
Switches (Train 
Maintenance)

OBJ-39-02

Maintenance Power 
Remote Terminal 

Units (RTUs)

OBJ-39-03

Operational Control 
System (OCS)

OBJ-64

Train Maintenance and Stabling Power
OBJ-39

Note: The Shore Supply voltages 
for the maintenance areas may 
differ from the traction voltage.

TfL Enterprise 
Network (RCS 

Interfaces)

OBJ-2080

Telephony (Train 
Maintenance)

OBJ-42-04

LU PMO Technician 
(Train Maintenance)

OBJ-61-01

Duty Depot Manager

OBJ-42-01

RCS (OCS) Workst'ns 
(Train Maint. Facilities)

OBJ-42-06

Operational Control 
System (OCS)

OBJ-64

Facilities 
Management 

System

OBJ-42-07

HVAC System (Train 
Maintenance)

OBJ-44-06

Access Control 
System (TM&S)

OBJ-43-06

Intruder Detection 
(TM&S)

OBJ-43-01

Security Staff 
Welfare Facilities

OBJ-43-05

Security Staff 
Accommodation

OBJ-43-04

CCTV Security 
Displays (TM&S)

OBJ-43-03

CCTV System 
(TM&S)

OBJ-43-02

Train Operator 
(73TS)

OBJ-22-02

NTfL Train Operator

OBJ-26-02

Train Crew 
Accommodation

OBJ-63-01

Train Crew Welfare 
Facilities

OBJ-63-02

Train Maintenance 
Staff 

Accommodation

OBJ-42-12

Train Maintenance 
Staff Welfare 

Facilities

OBJ-42-13

LU PMO Technician 
(Train Maintenance)

OBJ-61-01

Train Arrestors 
(Stabling)

OBJ-10-18

Fluids and Consumables Storage and Replenishment
OBJ-55

Screen Wash Filling 
Facilities

OBJ-55-01

Sanding Filling 
Facilities

OBJ-55-02

De-icing Filling 
Facilities

OBJ-55-03

Note:  Filling activities may take 
place within the automated or 
non-automated environment.  

Subject to maintenance studies 
and risk assessments.

Note: Certain maintenance 
activities such as litter picking 
may require access on to the 
train while it is stabled.

Main Line 
(Passenger 

Traffic)

On-board Train 
Diagnostics

OBJ-28-02

Shore Supply 
Emergency 
Discharge

OBJ-39-11

LVAC Supplies 
(TM&S)

OBJ-39-10

Train Position 
Verification (Maint. 

Facilities)

OBJ-45-12

Earthing and 
Bonding System 

(Train Maintenance)

OBJ-39-12

Cable Route 
Management 

Systems (CRMS)

OBJ-47-06

Cable Route 
Management 

Systems (CRMS)

OBJ-47-06

Wayside Equipment 
Controller

OBJ-03-06

RCS Equipment Rooms (TM&S)
OBJ-505

LU PMO Technician 
(Train Maintenance)

OBJ-61-01

Drainage 
(Maintenance 

Sheds)

OBJ-45-13

Service Controller 
(PICU)

OBJ-69-03

Telephony (PICU)

OBJ-69-04

PICU Workstation

OBJ-69-02

PICU Control 
System 

OBJ-69-01

TfL Enterprise 
Network

OBJ-04-07

Trainborne CSDE 
(73TS)

OBJ-21-07

Permitted Non-communicating Trains
OBJ-21-E

PICU
OBJ-69

Trainborne S&TC 
Radio Antenna 

(Engineering Fleet)

OBJ-48-11

Automatic Train 
Protection (ATP) 

(Engineering Fleet)

OBJ-48-10
!

Balise Reader 
(Engineering Fleet)

OBJ-48-09

In-cab Radio 
(Engineering Fleet)

OBJ-48-07

Trainbourne Radio 
System 

(Engineering Fleet)

OBJ-48-08 In-cab Radio 
(PNCTs)

OBJ-21-14

Trainborne Radio 
System (PNCTs)

OBJ-21-15

LU Radio

Balises

ATC Transmission

LU Radio

Balises

ATC Transmission

Train Drivers (Non-
passenger Trains)

OBJ-48-01

Operator Controls 
(Engineering Fleet)

OBJ-48-02

LU Radio (Voice and Data)
Balises

ATC Transmission

Train Drivers (Non-
passenger Trains)

OBJ-48-01

Traction and 
Braking System 

(Engineering Fleet)

OBJ-48-06

Engineering Fleet
OBJ-48-05

Stabling Road 
Protection

OBJ-44-16
!

Note: RCS Communications between 
the wayside and the trains are 
required at stabling locations and 
the transition areas for signalling 
and train control, train monitoring 
and in the event of PEA activation.

Rolling Stock 
Supplier Technician

OBJ-42-14

Engineering Vehicle Sidings (TBD)
OBJ-48-12

Engineering Fleet

OBJ-48-05

Fluids and Consumables Storage 
and Replenishment
OBJ-55

Screen Wash Filling 
Facilities

OBJ-55-01

Sanding Filling 
Facilities

OBJ-55-02

De-icing Filling 
Facilities

OBJ-55-03

Note:  Filling activities may 
take place within the 

automated or non-
automated environment.  

Subject to maintenance 
studies and risk 

assessments.

Level 
monitoring

LAN/WAN (TM&S)

OBJ-37-02

Road Vehicle Access 
(Train Maintenance)
OBJ-37-10

Car and Road 
Vehicle Parking

OBJ-37-11

Road Vehicle 
Access (Train 
Maintenance)

OBJ-91-03

New Rolling Stock 
Plant and Tool Store

OBJ-54-04

Level 
monitoring

LU PMO Technician 
(Train Maintenance)

OBJ-61-01

UPSs (Train 
Maintenance)

OBJ-39-13

Third and Fourth 
Conductor Rail (DC) 

(Stabling)

OBJ-09-10

Road Vehicle 
Access (Train 
Maintenance)

OBJ-91-03

Subject to the type of  
Engineering Vehicle

Third and Fourth 
Rail Emergency 

Discharge

OBJ-39-14

From HV Network – See ‘Power 
Distribution and Substations’ - 
OBJ-05 for typical substation 
composition.

Emergency Lighting 
(Train Maintenance)

OBJ-45-14

Shore Supply 
Isolation Switches

OBJ-39-09

Station Systems
OBJ-30

Mechanical Trip-
Cock Tester

OBJ-44-18

Trip-Cock Testing 
Hard Standing

OBJ-44-19

UPSs (Train 
Maintenance)

OBJ-39-13

Emergency Lighting 
(Train Maintenance)

OBJ-45-14

LVAC Supplies 
(TM&S)

OBJ-39-10

Internal Cable 
Management 

Systems

OBJ-47-15

Local Pump Control 
Panels

OBJ-12-01

Operational Control 
System (OCS)

OBJ-64

LU Data Network 
(Infrastructure 

Interface)

OBJ-2072

Power

RCS (Sig)
Legacy Signalling

Emergency 
Pressure Duct 

(Vent)

OBJ-25-21
!

Trackside Drainage 
(Main Line)

OBJ-12-04

Tunnel Telephone

Stations
OBJ-35

LAN/WAN (TM&S)

OBJ-37-02

Mobile Device (Train 
Maintenance)

OBJ-42-15

Waste Stores

OBJ-37-12

Contractor / Projects Team Office and Welfare
OBJ-42-16

Temporary 
Contractor Staff 
Accommodation

OBJ-42-17

Temporary 
Contractor Welfare 

Facilities

OBJ-42-18

Access Platforms 
(Train Maintenance 

Areas)

OBJ-45-16

Foul Water Drainage 
(Main Line)

OBJ-12-08

   

Bi-directional Locking 
and Detection (TM&S)

OBJ-502
Note: Bi-di Locking is 
intrinsic to the electric 
points machines.

Check Rail (TM&S)

OBJ-37-14

Rail / Wheel 
Lubrication

OBJ-10-19

Underframe Access

OBJ-59-03

Under-frame 
Component Drop 

Facility

OBJ-59-04

Synchronised 
(Whole Train) Lifting 

Equipment

OBJ-59-02

Single Car Lifting 
Equipment

OBJ-59-01

Car Body Access

OBJ-57-02

Foul Water Drainage 
(Stabling)

OBJ-506

Drainage Pumps 
(TM&S)

OBJ-12-09

Earthing and 
Bonding System 

(Main Line)

OBJ-05-04

Trip Cocks (73TS)

OBJ-21-17

Points and 
Crossings (TM&S)

OBJ-37-15

Note: Passenger 
Communications 
interfaces not shown.

Main Line 
(Passenger 

Traffic)

Train Stops

OBJ-07-09

Colour Light Signals

OBJ-07-10

Shunt Signals

OBJ-07-11

Mechanical Trip-
Cock Tester

OBJ-44-18

Trip-Cock Testing 
Hard Standing

OBJ-44-19

Non-passenger 

Mainline Controlled
OBJ-95

Motorised Point 
Machines (TM&S)

OBJ-509

Common Train Maintenace Infrastructure
OBJ-96

Stabling Areas Not Under 
Mainline Control

Stabling Areas Under 
Mainline Control

RCS (Sig)

LU Radio Network

OBJ-04-11

RCS (Sig)RCS (Sig)RCS (Sig)

LAN/WAN (TM&S)

OBJ-37-02

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

LU Radio Network

OBJ-04-11

Train Movement Control

Train Management (Diagnostics / Monitoring / General Control) - IP Network

Passenger Comms and Multimedia - IP Network

Air Supply

Train Stops

OBJ-07-09

Colour Light Signals

OBJ-07-10

Shunt Signals

OBJ-07-11

RCS (Sig)

RCS (Sig)

Internal Cable 
Management 

Systems

OBJ-47-15
Note:  A Train Wash 

already exists at 
Cockfosters Depot, 

modifications maybe 
needed for the new 
train.  A new Train 

Wash maybe required 
at an alternative site 

(e.g. Northfields).

Maintenance Facility 
Water Supply

OBJ-45-10

Note:  Interfaces between 
power supplies, CRMS and 

other assets not shown.

Note:  Interfaces between 
power supplies, CRMS and 

other assets not shown.

Signalling Interlock 
(Shed Doors)

OBJ-61-04

Derailers

OBJ-61-07

Walkway Barriers

OBJ-44-20

Train Access Gates 
(Underframe Level)

OBJ-44-15

Task Lighting 
(Stabling)

OBJ-44-17

Walkway Barriers

OBJ-44-20

Water Attenuation 
Tank(s)

OBJ-501

Train Detection 
(TM&S)

OBJ-03-14

Trip Cocks (New 
Train)

OBJ-25-43

Changeover 
Switches 

(Signalling)

OBJ-03-12

Signalling UPSs

OBJ-03-13

Control Centre 
(Structure)

OBJ-47-09

NTfL Train Driving 
Simulators

OBJ-65-01

Wheel Slide 
Protection (WSP)

OBJ-503

Track Circuits

OBJ-07-06

Emergency Brake 
Test Area

OBJ-46-03

Train Testing Facility
OBJ-46-01

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

Fluid Recovery, 
Storage and 

Recycling Facilities

OBJ-55-04

Fluid Recovery, 
Storage and 

Recycling Facilities

OBJ-55-04

Interim Point 
Control

OBJ-44-09

Fixed Red Lights

OBJ-504

Fixed Red Lights

OBJ-504

RCS Equipment 
Rooms (Main Line)

OBJ-47-13

Ellipse (Train 
Maintenance)

OBJ-510

Maximo (Train 
Maintenance)

OBJ-511

Note: Point heaters 
may be powered from 
an LV supply or direct 
from the traction rail.

Manual Points 
(TM&S)

OBJ-44-03

Manual Points 
(TM&S)

OBJ-44-03

OPO CCTV 
Microwave Link (S-

Stock)

OBJ-609

Legacy OPO CCTV 
Cameras (S-Stock)

OBJ-608

Legacy OPO CCTV 
System (S-Stock)

OBJ-607

NTfL Train Operator

OBJ-590

OPO CCTV Receiver

OBJ-591

Off Train 
Communications 

(Trainborne Equip.)

OBJ-592

Off Train 
Communications 
(Wayside Equip.)

OBJ-601

Wayside OPO CCTV 
(New Train)

OBJ-605

Wayside Position 
Verification

OBJ-595

Trainborne Position 
Verification

OBJ-604

LU Data Network 
(Train Systems 

Interface)

OBJ-2070

Aux Data / CSDE / 
SDO / Location Data

Offsite OPO Image 
Transmission 
(Interface TBC)

Position Verification

Legacy Wayside 
CSDE (73TS)

OBJ-31-04

Stopping Markers 
(New Train)

OBJ-31-06

Operator's Position
OBJ-587

Off Train Comms 
(OTC) Data Tool 

(Operations)

OBJ-598

LU Data Network 
(Train Systems 

Interface)

OBJ-2070

OPO (New Train)
OBJ-606

Legacy Wayside 
CSDE (S-Stock)

OBJ-600

Off Train Comms 
(OTC) Data Tool 

(Train Maintenance)

OBJ-599

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

Operational Control 
System (OCS)

OBJ-64

PED Interlocks

Legacy Stopping 
Markers (73TS)

OBJ-31-02

Note: A number of these assets may need to be secured to platform or 
station structures.  This is subject to the design and the types of equipment 
that need to be installed.  There may also be spatial interfaces with legacy 
PTI equipment and other platform mounted equipment. 

LVAC Power

LVAC Power

Earl’s Court Only

Caledonian Road Only

BMS Interfaces

BMS Interfaces

SMS Interfaces

Note: It is assumed that power for the escalators at Earl`s Court and 
the lifts at Caledonian Road will be upgraded before the new train is 

introduced.  The current connection to the traction supply will prevent 
the enabling of the regenerative braking capability of the new train.

Legacy CSDE (73TS Data)

S-Stock CSDE (Met 
Line Interoperable 
Areas Only) Met Line 

Interoperable 
Areas Only

Met Line Interoperable 
Areas Only

LU Data Network 
(Train Systems 

Interface)

OBJ-2070

Interface with 
operator`s cab and 
operator`s position 

for sighting

NTfL Train Operator

OBJ-590

How the system will be 
configured to achieve the 
required stopping accuracies 
during migration stages is 
subject to design

OBJ-2080

TfL Enterprise 
Network (RCS 

Interfaces)

TfL Data Centres

OBJ-04-09

Event Controller 
(Mobile)

OBJ-49-01

Secure Network 
Portal (Data)

OBJ-49-07
!

LU Data Network 
(RCS Interfaces)

OBJ-2071

Monitoring

Comms Train to W/
Side Antennas and 

Leaky Feeders

OBJ-618

Ground 
Communications 

Gateway

OBJ-617

Local Control Panel 
(PEDs)

OBJ-619

Delta Rail Circuit

OBJ-620

S&TCS Data 
Recorder

OBJ-690

Passenger Comms

Train Movement
Train Management

Real Time OTC and Voice Comms
Train Management

Train Movement

Passenger Comms

Note:  The LU 
Data and Radio 
Networks are 
currently Connect 
assets.

Note: OTC 
capability is also 
required within 
sidings and train 
maintenance areas.

Off Train 
Communications 
(Wayside Equip.)

OBJ-601

I/F with train

LU Data Network 
(Train Systems 

Interface)

OBJ-2070

OPO

OPO Images

Cab Door

OBJ-685

Event Controller 
(Mobile)

OBJ-49-01

PICU Control 
System 

OBJ-69-01

Met and District 
Line Interoperable 
Areas

Legacy Signalling

Air Supply

Legacy Signalling

Air SupplyAir Supply

Legacy Signalling

Rough Ride 
Detection (RRD)

OBJ-686

South Harrow 
Crewing Facilities

OBJ-687

Customer 
Information 

Management System

OBJ-688

Station CIS System 
(Routing and 
Switching)

OBJ-689

Speed / Position 
Sensors

OBJ-621

Customer 
Information 

Management System

OBJ-688

Station CIS System 
(Routing and 
Switching)

OBJ-689

BTP Radio

OBJ-04-13

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

Via TCMS

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

Local RCS 
Workstation 

(Stations)

OBJ-691

Public Internet

LU Radio Network 
(RCS Interfaces)

OBJ-2073

Operational Control 
System (OCS)

OBJ-64

TfL Enterprise 
Network

OBJ-04-07

Trackernet

OBJ-04-01

Event Controller 
(OCC)

OBJ-15-07

DNO Supplies

OBJ-05-19

LU LV Distribution 
Network

OBJ-05-18

Telephony (OCC)

OBJ-15-05

Controllers' OCS 
Workstation (OCC)

OBJ-15-13

Comms Equipment 
(OCC)

OBJ-15-14

Changeover Switch 
(OCC)

OBJ-15-01

Controllers' S&TC 
Workstation (OCC)

OBJ-15-04

Radio Dispatcher 
(OCC)

OBJ-15-08

LU Data Network 
(RCS Interfaces)

OBJ-2071

OCC Power

Telephony (Back Up 
Operational Control)

OBJ-16-04

OCS Workstation 

(Back Up Operational 

Control)

OBJ-16-03

Event Controller 
(Back Up 

Operational Control)

OBJ-16-06

Radio Dispatcher 
(Back Up 

Operational Control)

OBJ-16-07

Note: The configuration of any back-up facilities is subject to 
development of the Control Strategy and User Requirements.

Back-up Operational Control (TBD)
OBJ-16

Operational Control Centre (OCC)
OBJ-15

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

S&TC Overview 
Screen(s) (OCC)

OBJ-610

OCS Overview 
Screen(s) (OCC)

OBJ-611

Communications 
Network

OBJ-04-18

S&TC Workstation 

(Back Up Operational 

Control)

OBJ-616

S&TC Overview 
Screen(s) (Back Up 
Operational Control)

OBJ-615

OCS Overview 
Screens (Back Up 

Operational Control)

OBJ-613

Comms Equipment 
(Back Up 

Operational Control)

OBJ-612

Note: The configuration of any control centres are subject to the 
development of the Control Strategy and User Requirements.

Telephony (OCC) 
(Operator Training)

OBJ-2038

Controller's OCS 

Workstation (OCC) 

(Operator Training)

OBJ-2042

Event Controller 
(Control Centre 

Training)

OBJ-2044

Radio Dispatcher 
(Operator Training)

OBJ-2037

Controllers' S&TC 

Workstation (OCC) 

(Operator Training)

OBJ-2039

OCS Overview 
Screens (OCC) 

(Operator Training)

OBJ-2041

Comms Equipment 
(OCC) (Operator 

Training)

OBJ-2043

RCS Operator Simulation Training System
OBJ-2036

Telephony 
(Maintainer Training)

OBJ-2062

OCS Overview Screen 

(Maintainer Training)

OBJ-2065

RCS Maintainer 
(Training)

OBJ-2060

Radio Dispatcher 
(Maintainer Training)

OBJ-2061

S&TC Workstation 

(Maintainer Training)

OBJ-2063

OCS Workstation 
(Maintainer Training)

OBJ-2066

Comms Equipment 
(Maintainer Training)

OBJ-2067

RCS Maintainer Simulation 

Training Facility (Acton)
OBJ-2045

Network 
Connections 

Equipment (Training)

OBJ-2051

Note: The configuration of any training facilities is subject to 
development of the Control Strategy and User Requirements.

Note: The configuration of any training facilities is subject to 
development of the Control Strategy and User Requirements.

The RCS Maintainer Simulation Training System may (subject to 
confirmation) be located at Acton

S&TC Overview 

Screen (Maintainer 

Training)

OBJ-2064

S&TC Overview 

Screen(s) (OCC) 

(Operator Training)

OBJ-2040

Depot RCS 
Workstation 

(Operator Training)

OBJ-2046

RCS Equipment Training
OBJ-2055

Interfaces as above

Interfaces as aboveInterfaces as aboveInterfaces as aboveInterfaces as above
Interfaces as above

Interfaces as above

Interfaces as above

Interfaces as above Interfaces as above Interfaces as above Interfaces as above Interfaces as above

Interfaces as above

Interfaces as above

Interfaces as above
Interfaces as above Interfaces as above Interfaces as above Interfaces as above

Interfaces as above

RCS S&TC System 
Communication 

Equipment (Training)

OBJ-2050

Communication Equipment Training
OBJ-2054

Note: This is actual 
RCS Equipment 
that is connected to 
the Simulation 
Training System.

Complete 
Interlocking Site 

(Training)

OBJ-2048

SER Training 
Facility

OBJ-2047

Reduced Size 
Interlocking Site 

(Training)

OBJ-2049

Control Centre 
(Structure)

OBJ-47-09

Power SCADA 
Workstation (OCC)

OBJ-2057

Power SCADA 
Workstation (Back Up 
Operational Control)

OBJ-2058

Interfaces as above

LU Power SCADA 
Network

OBJ-04-06

Interfaces as above

Power SCADA 
Workstation (OCC) 
(Operator Training)

OBJ-2059

Interfaces as above

Power SCADA 
Workstation (OCC) 

(Maintainer Training)

OBJ-2069

Depot RCS 
Workstation 

(Maintainer Training)

OBJ-2068

Train Operator's 
Mobile Radio

OBJ-26-05

Trainborne 
Emergency 
Equipment

OBJ-26-07

Train Radio Unit 
(Voice and Data)

OBJ-26-08

Voice Communications
Real Time Data Transmission

CIS Data

LU Radio Network 
(Train Systems 

Interface)

OBJ-2074

LU Data Network 
(Infrastructure 

Interface)

OBJ-2072

LU Data Network

OBJ-04-05

LU Power SCADA 
Network

OBJ-04-06
LU Power SCADA 

Network

OBJ-04-06 RCS CRMS

OBJ-2077

Train Systems 
CRMS

OBJ-2078

Infrastructure CRMS

OBJ-2079

LU Data Network

OBJ-04-05

Train Systems 
CRMS

OBJ-2078

LU Data Network

OBJ-04-05

Note:  CO2 Sensors may not be required, if an alternative 
method of est imating CO2 levels can be implemented (such 
as estimating from passenger loading measurements)

OBJ-04-07

TfL Enterprise 
Network

LU Power SCADA 
Network (RCS 

Interface)

OBJ-2076

LU Data Network

OBJ-04-05

TfL Enterprise 
Network (RCS 

Interfaces)

OBJ-2080

LU Radio Network

OBJ-04-11

TfL Enterprise 
Network

OBJ-04-07

TfL Enterprise 
Network

OBJ-04-07

Legacy Piccadilly 
Signalling System

OBJ-02-01

LU Power SCADA 
Network (Infrastructure 

Interface)

OBJ-2075

LU Data Network

OBJ-04-05

LU Data Network

OBJ-04-05

TfL Enterprise 
Network (Train 

Systems Interface)

OBJ-2081

TfL Enterprise 
Network

OBJ-04-07

Note: Legacy signalling 

control will be transferred 

over to PICU before the RCS 

(S&TC) is introduced.

Note: It is understood that 4LM will  

decommission this before NTfL.

Located 
within the 
local SER

TfL Enterprise 
Network (RCS 

Interfaces)

OBJ-2080

LU Data Network

OBJ-04-05

External Service 
Providers

OBJ-04-20

Trip Cock Tester

OBJ-2082

Note: Power Supplies around 
Heathrow 123 are unusual – as 
the emergency supply is from the 
Heathrow Airport and not CEPS

Note:  Heathrow tunnels don’t 
have tunnel telephone wires – 

they have telephone handsets at 
regular intervals instead

Note: Ownership of assets around 
Heathrow area is more complex due to 
the stations being owned by HexOpCo

Note: The RCS Maintainer Simulation Training System is comprised of the assets, 
equipment, systems and functionality necessary to provide a simulated, fully functional, 
representation (incl. all interfaces) of the RCS, including the CBTCS, OCS, Comms 
System and ICT Legacy Systems. The system shall include a combination of supplied 
equipment and simulated inputs/output to accurately replicate the whole RCS

Note: The RCS Operator Simulation Training System is comprised of equipment, systems 
and functionality required to provide a simulated, fully functional, representation (incl. all 
interfaces) of the RCS, including the CBTCS, OCS, Comms System and ICT Legacy 
Systems

Note: Four Train Driving Simulators will be provided as part of the 
Base Order and provision has been made for the supply of additional 

simulators for the other lines via purchase options.

PTI Equipment 
Training System 

(Operation & 
Maintenance)

OBJ-2052

Controllers' S&TC 
Workstation (OCC) 
(Operator Training)

OBJ-2039

Controller's OCS 
Workstation (OCC) 
(Operator Training)

OBJ-2042

PTI Equipment 
Training System 

(Operation & 
Maintenance)

OBJ-2052

Legacy SERs/CERs 
in Depot

OBJ-2083

Note: Training to 
be provided by 
the supplier(s) 
concerned.

Note: To facilitate the training of operational staff, the supplier shall 
provide one RCS Operator Simulation Training System and if required by 
the Purchaser, up to Two additional (purchase option) RCS Operator 
Simulation Training System.

Note: RCS 
interfaces with 
existing DMIs. 

Scope of new DMIs 
to be determined.

RCS (S&TC) 
Workstations (Train 

Maintenance Facilities)

OBJ-2085

Customer 
Information 

Management System

OBJ-688

Station CIS System 
(Routing and 
Switching)

OBJ-689

LU Radio Network

OBJ-04-11

Signalling & Train 
Control (S&TC) 

System

OBJ-03-04

Note:  Space for ATMS is provided 
by Train Systems (New Train 
Delivery)

Note: The simulator will be 
provided by Rail Systems but it 

will be housed under 
Infrastructure  

Train Operator's 
Mobile Radio

OBJ-26-05

ACCAT, lineside weather 
stations, reports from any 

adhesion train/track, linside 
moisture sensors

I/Fs with with LU 
Data Network and 
LU Radio Network 
(See Above)

Figure 4: Whole system physical
architecture

All of this was built on a high level of stakeholder engagement
and stakeholder adoption of system engineering practices. Consid-
erable effort was expended in developing the first iterations of the
physical architecture, however there were clear benefits in taking
the stakeholders on the development journey and in the resulting
approved PBS database. The physical architecture was the tool that
enabled the team to more accurately and comprehensively create
the database and encouraged the stakeholders to take ownership of
the design. Once the database was complete it enabled the team to
derive multiple views of the physical architecture and analyse the Update diagram

effects of change. The views become very powerful as they allowed
the stakeholder to view:

• Ownership of elements, showing the split between rolling stock,
signalling, and infrastructure project scopes;

• Status of elements during programme migration (Modified, Un-
modified, Removed, or New);

• Configuration State views, depicting what the system of interest
looked like at each of the seven phases of the project;

• Grey areas showing elements that were poorly understood or that
had decisions pending on them.

Elements that interface with a stakeholder’s sub-system, e.g.
signalling interfaces that are within the scope of the rolling stock
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project. Each view of the physical architecture was configuration
controlled in line with the baselining of the PBS which contained
the background data. The most adopted views of the physical Release diagram update

architecture were the project scope view and configuration state
views. Printed architectures on A0 size paper were often posted on
walls in stakeholder meeting rooms and project areas for project
teams to use as a reference and source of truth. The widespread
acceptance of the physical architectures resulted in ad-hoc high-
lighting of opportunities to design in efficiencies and design out
risks by project teams during the feasibility stage. Stakeholders propose changes

Through following a diagram iteration process on the Deep
Tube Upgrade Programme the systems engineering team went
from having stakeholders that continually questioned the need for
systems engineering on the project, to them not only understanding
the need for systems engineering, but also happily adopting the
outputs as their source of truth.

This was attributed to being able to clearly see, on one page,
the physical interactions that elements have with one another, and
how they evolve over the life of the project. It enabled projects to
understand what products were within their scope, and what inter-
faces they were responsible for delivering. It also highlighted the
grey areas where the system was not well understood, or a decision
needed to be made in order to assign ownership of a product.

Migration Plan diagrams in Public Transport Victoria
Public Transport Victoria (PTV) is
the statutory authority that manages
Victoria’s public transport network. As
the network assurer, PTV are respon-
sible for the connectivity, reliability,
safety, security and environmental im-
pact of the public transport network,
along with ensuring new projects are
compatible with existing infrastruc-
ture and operations. Since 2015 WSP
has supported the development and
management of integrated project de-
livery within PTV; ensuring a holistic
network level approach and provid-
ing an overall system integration and
assurance process.

In support of integrated project delivery within PTV a full suite
of diagrams were developed, including physical architectures, ge-
ographic architectures, network schematics, and interaction dia-
grams. A key step that initially helped to engage PTV stakeholders,
providing buy in to whole systems engineering process, was the use
of migration plan diagrams.

The initial migration plan was developed for PTV’s Integrated
Major Project Branch. The purpose of the migration plan was to
help PTV and its stakeholders, including five major projects and

Information stakeholders

several government agencies, understand and clarify the scope of
the various projects works being delivered along a new rail corridor
(joining two existing rail corridors). The required information re-

Information to be captured
garding the scope of works included key delivery dates, infrastruc-
ture and operational changes to the corridor, and known interfaces
and dependencies between projects.

The migration plan is diagram which shows critical interde-
pendencies of programme elements, aligned to key programme
configuration points and important milestones, on a single page; an Design a diagram

example of which can be seen in Figure 5. This simple visualisation
of deliverables relevant to the stakeholders can show information
at any level in a programme hierarchy, quickly identify interdepen-
dencies with other deliverables, highlight the deliverables necessary
to achieve a milestone or configuration state, and be adjusted to
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suit the user needs. This type of view is invaluable in large rail pro-
grammes where the railway must go through multiple phases of
development, whilst remaining operational throughout.20 20 Welford, 2016

2018

J F M A M J J A S O N D

2019

J F M A M J J A S O N D

2020

J F M A M J J A S O N D

2021

J F M A M J J A S O N D

2022

J F M A M J J A S O N D

2023

J F M A M J J A S O N D

Project 1 - Part A

Project 1 - Part B

Project 1 - Part C

Project 2 - Delivery Item A

Corridor A

Project 2 - Delivery Item B

Project 3

Project 4

Operator & Controller

Off Corridor Works

Apr-18

First Act ivity

May-18

Second Activity

Jan-19

Third Activity

Feb-20

Fourth Act ivity

Jul-20

Part  A Complete

Apr-18

First Act ivity

Jan-19

Second Activity

Sep-20

Part  B Complete

Mar-18

Second Activity

Apr-18

First Act ivity

Feb-20

Third Activity

May-20

Fourth Act ivity

Jun-20

Part  C 
Complete

Oct-18

First Act ivity

Apr-19

Second Activity

May-19

Third Activity

Dec-19

Fourth Act ivity

Feb-20

Fifth 
Activity

Mar-20

Sixth 
Activity

Oct-21

Seventh Activity

May-22

Eighth Activity

Sep-22

Item A Delivered

Mar-19

First Act ivity

Apr-19

Second Activity

May-19

Third Activity

Dec-19

Fourth Act ivity

Feb-20

Fifth 
Activity

Mar-20

Sixth Activity

Dec-20

Item B Delivered

Jun-19

First Activity

Jul-19

Second Activity

Jan-20

Third Activity

Feb-20

Fourth 
Activity

Jul-20

Fifth Activity

Jun-21

Sixth Activity

Jun-22

Seventh Activity

Jun-23

Project 3 Delivered

May-20

First Act ivity

Sep-20

Second Activity

Jan-21

Third 
Activity

Feb-21

Fourth 
Activity

Apr-21

Fifth 
Activity

May-21

Sixth 
Activity

Oct-21

Seventh 
Activity

Dec-21

Project 4 
Delivered

Mar-20

First Act ivity

Sep-20

Second Activity

Mar-21

Third Activity

Sep-21

Fourth Act ivity

Mar-22

Fifth Activity

Sep-22

Sixth Activity

Mar-23

Seventh Activity

Sep-23

Eighth Activity

May-19

First Act ivity

Sep-20

Second Activity

Oct-20

Third Activity

Aug-22

Fourth Act ivity

Jan-23

Fifth Activity

Nov-23

Sixth 
Activity

Dec-23

Seventh 
Activity

1 2 3

Figure 5: Example migration plan

The first iteration of the migration plan was developed based on
a high-level understanding of the corridor projects and deliverables. Estimate information values

Various project assurance managers were consulted, and the data
input was supported by current projects and programmes. The Discuss with stakeholders

result was a migration plan based on a large set of estimations
and assumptions, it used dashed lines in the diagram to show the Populate diagram

information that was unclear to PTV as the network assurance
authority, therefore highlighting the need to directly engage with
additional project stakeholders.

The first iteration was reviewed in a number of meetings and
workshops, involving either single or multiple stakeholders at a Review diagram

time. Due to the scale of works each stakeholder was responsible
for, the ideal scenario would have been to engage the stakeholders
individually, however, several working groups had already been
established. These working groups understood the need for sys-
tem integration, but had no plans for how to implement it across
various stakeholders. Through these meetings stakeholders be-
gan to engage with the diagrams and understand the benefits of
agreeing and formalising this information. All major project stake-
holders suddenly had clarity of other projects key deliverables and
interfaces. This helped them to understand the relationships with
other projects and their own accountability in terms of the impli-
cations and impacts of potential changes in project scope or sched-
ule, where these may not previously have been considered. Prior
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to the development of the migration plan, various stakeholders
had made changes to key delivery dates which were not properly
communicated to other stakeholders. Those changes impacted the
ability of other projects to deliver on time and meet milestones. The
migration plan also helped to visualise the amount of work that
was assumed and unfunded. This led into further investigation of
unfunded works and what was ‘missing’ but required to enable
operation of the new corridor and realise its intended benefits.

Over 20 iterations of the migration plan were produced over Update diagram
Release diagram updatean eight month period, following stakeholder comment and feed-

back. During this period, there were peaks and troughs for stake- Stakeholders propose changes

holder engagement and feedback. These were typically due to
major project changes introducing issues to the migration plan and
whether feedback from stakeholders was actively facilitated.

As the rail corridor migration plan continued to develop and
mature through repeated iterations, it became apparent that the
change in network configuration, through the introduction of a new
corridor, heavily impacted the other rail corridors on the network.
This impact was not being appropriately captured or understood,
highlighting a need for a holistic understanding of key config-
uration states (corridor specific milestones) and network stages
(network wide milestones, usually achieved through the comple-
tion of several configuration states) for the entire Melbourne Metro
rail network. Key stakeholders had also expressed a desire to use
the migration plan format to assist with other network views, such
as other corridors and the network as a whole, due to the benefits
found from the use of the first corridor migration plan. This en-
abled the development of a second, network-wide, migration plan.

This new diagram focused on defining the high-level configu- Information to be captured

ration states for the rail network, and understanding which key
deliverables or projects enabled major timetable changes and the
realisation of other benefits for the network, such as uplift in pas-
senger demand, increases services, network reconfiguration (includ-
ing new corridors). The list of stakeholders was revised, with some Information stakeholders

new organisations and disciplines engaged and others removed,
to ensure the information displayed on the diagram was at the ap-
propriate level. The same data storage was used and expanded
upon in the development of a second migration plan diagram. As Design a diagram

the majority of stakeholders were already familiar with the style
and benefits of the diagram, engagement the second time was sig-
nificantly easier; although data gathering and interactive review Discuss with stakeholders

sessions were still required, stakeholder feedback and willingness
to provide information was easier.

The first iteration was developed by estimation and reference to Estimate information values
Populate diagramgovernment documents and plans for the transport network. Stake-

holder engagement and review was also managed differently to the
first migration plan. These were conducted one-to-one, as the net- Review diagram

work wide diagram required a more intensive review process; this
included understanding the entire rail network, what benefits were
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trying to be realised, how these were being achieved or enabled,
and the agreement of configuration states and network stages. This
migration plan had over 10 iterations that were produced over an Update diagram

Release diagram updateeight month period, following stakeholder comment and feedback.
Stakeholders propose changesFewer iterations were required than with the first migration plan as

the second contained only high-level information.
Following the acceptance of the first two migration plans, a

further four migration plans were developed for other rail corri-
dors, detailed network wide views, and other transport modes (e.g.
trams). The use of an iterative diagram development process at
PTV facilitated a considerable improvement in stakeholder inter-
action, and helped highlight areas of uncertainty whilst provoking
information accountability and providing a single source of truth.

Moving forward

The use of a data-driven diagrams, combined with the implemen-
tation of integrated information management across multiple di-
agrams, is a significant initial step towards the delivery of a com-
plete MBSE approach to systems engineering. Indeed within both
case-study organisations there is a movement towards the more
formal use of MBSE.21 21 Fabrice Lestideau. Deployment of

model based systems engineering into
large organisations: Reasons, objec-
tives, means, results PTV application
to the victorian public network, 2018

This progression will replace the spreadsheets and basic database
structures used to manage the diagram data and replace it with a
specialist MBSE tool. Diagrams may be replaced by MBSE tool
outputs where applicable; however caution is advised in this area,
particularly in non-traditional SE domains, as standard MBSE type
outputs (SysML or similar) may not provoke the level of stake-
holder engagement required – particularly where they are expected
to be used by non-engineering staff, such as higher level manage-
ment. Exporting from the MBSE tool into other software is a solu-
tion that is currently available, although this creates an extra step in
the update process. In the near future the options for direct linking
between bespoke diagramming tools and MBSE tools is expected
to improve, particularly with the introduction of visualisation as a
distinct component within the Object Management Group’s specifi-
cation for SysML version 2.22 22 Hedley Apperly. Sysml 2.0 update,

May 2016Within the process description reference has been made several
times to its integration within an overall configuration manage-
ment environment. Where this is already in place it is expected to
fit in well; however, in organisations where systems engineering is
not fully mature, and the proposed engagement approach will be
most beneficial, it is often the case that configuration management
policies and processes are similarly undeveloped. In these situa-
tions careful implementation of information management as part
of stakeholder engagement can also be used as a platform for more
widespread adoption of good configuration management practices.
The effective implementation of configuration identification, change
control and baselining processes, even on a local scale, will facili-
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tate the diagram iteration process; particularly in terms of defining
accountability for diagram information content.

Conclusions

A process has been proposed that uses diagrams as a stakeholder
engagement tool to iteratively review and update a set of informa-
tion. Variants on this process have been used effectively in a large
number of high profile systems engineering programmes, where it
has shown to provide a number of benefits. Two examples of the
use of the process in rail programmes have been given and the pro-
gression from this process into more formal MBSE methods has
been discussed.

The case studies have demonstrated the following benefits from
applying the process:

• the diagrams were used as the single source of truth by stake-
holders;

• the process reduced siloed working and encouraged collabora-
tion;

• there was an increased level of stakeholder engagement and buy
in compared to prior to the process;

• the diagram and process brought the areas of uncertainty into
focus and helped to close gaps in knowledge;

• the process highlighted critical interdependencies and interfaces
that required stakeholder attention;

• the diagrams stimulated conversations and generated interest;

• the released diagrams recorded a clear baseline of project progress
at a point in time;

• the process prompted the development of stakeholder working
groups to ensure delivery of future configuration states remained
achievable and controlled through change management;

• the process developed stakeholders understanding of systems
engineering practices and reinforced the need for systems engi-
neering on complex projects.

The impact of the process relies on the adoption of the selected di-
agrams by the stakeholder community. Only once the stakeholder
come to view the diagrams as their source of truth for the informa-
tion will the feedback loop become an automatic process. Getting
to this point requires both clever diagram design and careful stake-
holder management through the early stages of the process. This
is as much an art as it is a science and relies on the experience and
expertise of the engineers involved.
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