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By almost any measure you care to mention, the 
United Kingdom (UK) rail sector is flourishing.  
Passenger numbers are at their highest levels for 
100 years, infrastructure renewal and expansion 
is near the top of the political agenda, and the 
supply chain can look forward to a planned £35 
billion investment over the next 15 years.

This is often said, but not all parts of the UK have 
seen the same public transport boom.  Although 
rail passenger numbers in Northern Ireland are 
growing, the number of rail journeys per capita 
per year remains six times fewer than in the rest 
of the UK.  More road miles are travelled per 
capita in Northern Ireland than in any other UK 
nation or English region.  Just 6 percent of 
people in Northern Ireland use public transport 
to travel to work, compared to 18 percent in 
Great Britain (GB).

It's hard to deny that for this to change, Northern 
Ireland would need more tracks, more trains and 
more stations, but the rail network has not been 
a priority for investment.  Articles are being 
written about whether it can survive as a going 
concern, never mind the idea that it would 
need to dramatically expand to catch up to 
what has been achieved in the rest of the UK.
Public transport can only go so far in the region 
without this investment, but in the meantime, 
and perhaps even to help challenge this reality, 
Translink needs to be able to do more with less.  
Engineering isn't the problem, but even better 
and more value-conscious engineering could 
be part of the solution.

In particular, Systems Engineering (SE) 
techniques are now extensively used by Network 
Rail and other industry players, for purposes as 
diverse as building temporary wireless systems for 
individual signals, and industry-standard 
modelling of the GB railway network as a whole.
SE is about drawing on the science of finding 
patterns in organised complexity, and the 
analysis of the emergent properties of a whole 
rather than the specific behaviour of individual 
components.  The critical shift in understanding 
that systems engineering brings to the table is 
that it is the structure of a system that generates 
its behaviour, more than the mechanical details.
In the rail industry, systems engineering is 

particularly good at driving up the lifetime value 
of assets by making it easier to see the value of 
an individual project in the context of the 
railway network around it.  By bringing insights, 
processes and tools designed to make this 
complexity tractable, SE can drive down costs 
and push up quality.  The main ways it does this 
is by enabling as much expenditure as possible 
to be moved after assurance that the right asset 
is being built in the right way, and by introducing 
a specialised, rigorous approach to project 
information that streamlines communication 
and stakeholder engagement while keeping 
everyone, even external suppliers, on the same 
page, all the time.  By making greater use of SE, 
the Northern Irish railway system could do a lot, 
today, to better maximise the value of its assets, 
and work to thrive in challenging economic 
circumstances.
It could have a development process which is 
better able to anticipate project risks, and 
prevent incurring costs when a failure is spotted 
too late.

It could have a more integrated supply chain, 
with clearer and more active coordination in the 
development and upkeep of railway systems.
It could adopt a scientific approach to 
requirements and quality management to 
ensure projects are done right every time.

It could have an approach to project 
information which breaks down walls inside and 
outside the organisation, and make it more 
adaptable to risk and change.

And most importantly, it could design its 
engineering process to place the lifetime value 
of its assets to the network at the heart of the 
way it works.

Getting Northern Ireland to use the railway more 
is an uphill battle, requiring dramatic change 
that extends to the highest levels of policy.  
Engineering is only a part, albeit an 
indispensable part, of that journey.  But 
demonstrating even better and more 
value-conscious engineering could, perhaps, 
make that journey seem a little easier for 
everyone involved.   We want to do our bit, and 
have some ideas we think might be valuable.

ENGINEERING A BETTER RAILWAY FOR 
NORTHERN IRELAND
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Developed by the defence industry and in 
continuous, evolving use since the Second 
World War, the systems engineering process has 
a long-proven track record of reducing risk in 
contexts where reliability and performance are 
a matter of life and death.  What’s more, a 
study by the National Defense Industrial 
Association and Institute of Electrical and 
Electronics Engineers across a wide variety of 
industries showed a clear and significant 
relationship between project performance – 
measured in terms of cost, schedule and 
satisfaction of technical requirements – and 
high levels of systems engineering capability.

SE techniques are fundamentally about finding 
ways to analyse, model and plan the behaviour 
of a system as a whole and in its context above 
and beyond the details of individual 
components.  By having a suite of processes 
and tools designed to model and anticipate the 
structure of a system, projects can have 
assurance from the start that the right thing is 
being built in the right way, and that the project 
will interact appropriately with its context.  

This drives down cost by reducing the risk of 
mistakes and unanticipated defects, while 
simultaneously driving up quality by tying 
engineering activity more closely to precisely 
defined stakeholder needs.  Over the last 20 
years, SE has been seeing greater and greater 
use in the rail industry, as rail systems become 
more complex and performance steps up to 
meeting increasing demand.  Network Rail is 
now working to deploy a systems engineering 
approach as part of business as usual across the 
whole of its engineering and asset management 
activity.  

Transport for London has embedded SE skills 
throughout its engineering organisation, and 
employs SE practices routinely on infrastructure 
projects.  SE has developed a wide range of 
processes and tools for modelling and 
simulation, requirements analysis, scheduling, 
and all parts of the life cycle, tailored to better 
manage the development of complex systems.  
Although not designed with any particular 
industry in mind, it has been in longest use in the 
aerospace and defence sector, where complex 

interdependent systems have been the norm for 
decades.  As rail networks become more 
complex and high-tech themselves, rail industry 
players have been seeing opportunities in SE 
techniques to better address the new, more 
challenging reality of managing a modern rail 
network.  SE activity has a proven track record 
of helping deliver complex projects on time, on 
spec and on budget in the rail industry, 
maximising the lifetime value of assets to 
passengers while at the same time reducing 
cost and risk.  Of particular interest are how SE 
thinking has produced a robust and scientific 
approach to requirements management and 
verification, a greater focus on the full life cycle 
of an asset, and novel modelling techniques for 
complex emergent behaviour.

The most fundamental insight of SE models is 
that the structure of a system is what generates 
its behaviour.  As such, the atoms of a systems 
engineering model are ‘system elements’: 
individual components, which are treated as a 
black box, in an environment from which they 
take their inputs.  These elements are organised 
into systems, and then even into a 
‘system-of-systems’, which is a model for systems 
with very independent components and a 
function that firmly rests on emergent behaviour, 
like a railway network or a supply chain.

Using a model like this enables a systems 
engineer to focus on complex interactions within 
a system and between the system and its 
environment, including patterns and trends in 
how the system changes over time, the impact 
of time delays in the system’s operation, the 
circular nature of complex cause-and-effect 
relationships, the problem of where unintended 
consequences are going to emerge, and the 
ability of a system to address stakeholder needs.

SE methods are particularly well adapted to 
circumstances in which requirements change in 
the course of a development process, as they 
can much more straightforwardly assess the 
impact of those changes on the system as a 
whole.  By modelling and planning the asset as 
a system, it is also possible to anticipate many of 
these issues and others much earlier in the 
development process and, critically, prior to
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generating significant sunk costs.  SE also 
provides a much more robust process for 
integration, verification and validation.  By using 
a scientific approach to requirements 
management with specifically enumerated 
constraints on what requirements can look like 
both individually and as a set, the systems 
engineering process ensures that verification 

and validation are conducted in relation to 
specific, measurable and consistent goals.  
Finally, by taking a whole life cycle approach, 
systems engineering can help to ensure the 
success of midlife upgrades, prevent the loss of 
system capabilities during operation and avoid 
costly compliance failures and other losses 
during end-of-life disposal.
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East London Rail Extension
Systems Engineering in Practice

Maximising Lifetime Value

The 1990s saw two major eastward expansions of 
the London rail network: the extension of the 
Jubilee Line to Stratford, and the first stage of 
the Docklands Light Railway (DLR) extension.
The projects began within a year of one another 
and were expected to take roughly similar 
amounts of time.  The DLR extension was 
delivered within the agreed fixed price, and 
performance requirements were fully met.  But 
the Jubilee Line extension took 21 months longer 
than planned and cost around two-thirds more 
than the original budget.

The DLR extension was delivered from the outset 
using an SE approach, including formalised 
system requirements, modelling and simulation, 
and a comprehensive set of integration tests.  By 
contrast, the Jubilee Line extension made little 
effort to maintain a whole system view, and very 
little provision was made for the huge extent of 
work necessary on the existing Jubilee line for 
the project to succeed.  The extension was 

regarded as a bolt-on to the existing railway, 
and the integration work was not understood 
until a late stage.  Several key decisions were 
not taken until much later than would be 
recommended by SE practice, and an SE 
approach to stakeholder and interface 
management might have resulted in significant 
cost and time savings.

Of course, some of the differences between the 
projects can be attributed to the approach to 
management and external factors, but the 
evidence from authoritative accounts of the 
project suggests that the Jubilee Line extension 
could have avoided a number of late changes 
and delivered savings, had good SE practice 
been adopted from the start.

This case study was adapted from those maintained by the 
INCOSE Transportation Working Group, available free at 
https://www.incose.org/incose-member-resources/working-
groups/Application/transportation.

Because of the long life cycle of rail assets, 
engineering in rail requires engaging with a 
more distant past, and a further, more uncertain 
future, than almost any other industry.  Almost 
any rail project is better thought of as enhancing 
an existing system rather than creating a new 
one, and once a system is integrated into the 
network, it’s generally required to last a very 
long time.  Adapting to the interface with 
legacy systems at the same time as 
futureproofing the new is always a difficult 
balancing act, and the rail industry has to think 
in longer time horizons than most.

Value for money in the rail industry is and must 
be measured in terms of the full lifetime value of 
the asset, and systems engineering has tools and 
processes to better enable projects to address 

the long term.  This goes beyond a planning 
process that is better able to address the full life 
cycle: SE activity can also make work more 
adaptable, and make it easier to plan for 
change.  Stakeholder needs can change at any 
point in the life cycle, either during development 
or as part of a midlife upgrade to the system.

By developing and maintaining an SE model 
and SE-grade requirements documentation, 
engineers have a relatively easy way to adapt 
to the impact of those changes, and determine 
quickly and cheaply what those changes will 
mean for the functionality of the system as a 
whole.  SE requires the right skills, the right 
process and the right tools, but applying its 
techniques to a rail network cuts the cost of 
quality and reliability over the long term.



Every project manager knows how important it is 
to discover defects as early as possible.  Most 
project costs are already committed at a very 
early stage and discovering a defect even in 
the course of building a system can be 
extremely expensive.  If a defect happens 
because of an unexpected interaction between 
different parts of the system, it might not even 
be discovered until it's in use, with no recourse 
but to go back to the drawing board.

SE activity can help engineers anticipate and 
address those defects at a much earlier stage, 
as much as possible before the associated costs 
have been committed.  The two main ways it 
does this are through a rigorous, scientific 
approach to requirements management and 
stakeholder engagement, and modelling 
techniques designed to anticipate the 
behaviour of the system as a whole and in its 
context.

An SE approach to requirements is designed to 
cleanly and specifically identify ambiguities and 
gaps in stakeholder needs.  Getting stakeholders 
to articulate their needs can often be an 
extremely frustrating process.  Half the time – 
even more when the stakeholder is not a 
technical expert, as can often be the case in rail 
– they don’t even know what they want 
themselves.  The best way to get a straight 
answer is to ask a straight question, and the SE 

process is very good at generating straight 
questions.

SE treats the requirements engineering process 
like formulating a scientific hypothesis.  The 
philosopher of science Karl Popper famously 
said that for a statement to be considered 
scientific, it must be falsifiable: it has to be 
possible to tell the difference between a world 
in which the statement is true and a world in 
which it is false.  Similarly, systems engineers work 
towards requirements by which it is possible to 
tell the difference between a system that 
achieves them and one that doesn’t.

If an SE process for generating requirements is 
followed, it is immediately and specifically visible 
when individual requirements are not clear, 
verifiable, functional or minimal, as well as when 
they are together incomplete or inconsistent.  As 
a result, the question that needs to be answered 
either by stakeholders or by engineering is 
specified precisely and robustly.

At the same time, SE is good at generating 
requirements for a project when there isn't a 
possibility of addressing specific technical 
specifications with the stakeholder: in fact, 
stakeholder conversations should avoid 
technical details as much as possible.  Instead, 
focus should be on the functional description of 
the asset, the 'use case': a problem that needs 
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BETTER PLANNING
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to be solved, or an opportunity that they want 
to pursue.  The context and environment for the 
system – its basic inputs and outputs – should be 
understood as clearly as possible while the 
system as a whole is still being treated as a black 
box.  In a systems engineering process, only then 
do engineers start to formally investigate the 
sorts of systems which could solve the 
stakeholders’ problem. 

As well as the direct benefits of specifying 
project objectives with such a high degree of 
precision, this approach to requirements also 
enables systems engineers to construct 
sophisticated models of assets, which can 
anticipate many potential problems before 
committing to development costs.  These 
models touch on every aspect of the life cycle, 
and are designed to predict the behaviour of a 
system taken as a whole.

A formal systems engineering model is built out 
of black boxes, taking inputs from users and the 
environment and outputting stakeholder needs.  
Until the finest levels of detail are reached, the 
model is not concerned with how individual 

components work, but rather with the structure 
of a system as a whole: the inputs, outputs and 
interactions of system elements.  It’s about 
recognising that the structure of a system, rather 
than the specifications of individual parts, are 
what determines its behaviour as a whole.

As such, the models are nearly always built from 
the top down, with the system as a whole taking 
inputs from users and the environment and 
outputting stakeholder needs.  As requirements 
get clarified and detailed, the model progresses 
down equivalent layers of complexity, at each 
stage fundamentally treating subsystems and 
individual elements as black boxes that 
transform inputs into outputs.

As such, the benefits of a systems engineering 
model are not just confined to presenting a 
clear, coherent architecture to designers, testers 
and operators: it also allows the behaviour of 
the system as a whole to be anticipated prior to 
proceeding with development, and potential 
defects to be anticipated and addressed 
before many of the associated sunk costs.

SE Model of an Automatic Warning System (AWS) Ramp System
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According to the Project Management 
Institute’s (PMI) global 2020 ‘Pulse of the 
Profession’ study,  project managers in both the 
manufacturing and construction industries 
reported poor upfront planning as the primary 
cause of project failure.  An earlier global study 
by the PMI found that for every pound spent on 
projects and programs, 5.1 percent is wasted 
due to poor requirements management.  The 
techniques and processes of systems 
engineering can reduce this waste considerably.

SE approaches to requirements and modelling 
can cut costs and reduce risk by 'left-shifting' the 
moment when the team discovers something is 
wrong, to before the associated costs have 
been committed.  By defining stakeholder needs 

appropriately and translating that functional 
understanding of the project into scientifically 
rigorous specifications, engineers can be sure 
they are building the right asset the right way.  
By using that rigour to model the behaviour of 
the system in context before building anything 
physical, it becomes possible to uncover more 
potential defects than would be possible with a 
traditional design process.

In other words, SE can help avoid having to do 
rework after costs have already been sunk.  By 
reducing the financial risk of rail projects, SE 
could help struggling rail networks improve 
project performance and make a better case 
for future investment.
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Network Rail Performance Modelling
Network-Wide Systems Engineering

Many enduring customer objectives for railway 
systems, like journey times, reliability and 
capacity, are best understood as properties of 
the network as a whole rather than of any 
specific system.  As such, the effect of making 
changes to individual systems is not always easily 
understood in terms of these goals, and it is 
difficult to make a sure value case for 
improvements except when responding to a 
fault that has already happened.

After many years of developing piecemeal 
models and techniques addressing specific 
aspects of railway performance, by 2012 
Network Rail was able to present an integrated 
whole-railway model of the effect of faults and 
perturbations on the reliability of the network, as 
a basis for taking investment decisions.

By taking a whole-system view of the railway, 
Network Rail has been able to anticipate the 
most promising areas for investment in terms of 
meeting ever-growing capacity demands.  For 
example, in an early test of the model's 
performance, it was able to not just predict the 
actual service level achieved on the West Coast 
Main Line, but also identify that delays less than 
the three-minute reporting threshold were in fact 
a major obstacle to increasing capacity on the 
line.

In other words, the model revealed that by only 
monitoring delays of three minutes of more, 
Network Rail had no reliable data on a critical 
constraint on capacity, and as such had been 
prioritising the wrong kind of reliability initiatives.

As a result of this discovery, the industry started 
working to change the way it collected data on 
delays and accelerated initiatives to help drivers 
stick more closely to the timetable.  The model is 
now being adopted as the UK industry standard 
railway-level analysis tool.

This case study was adapted from those maintained 
by the INCOSE Transportation Working Group, 
available free at 
https://www.incose.org/incose-member-resources/w
orking-groups/Application/transportation.

Discovering Defects Early

https://www.incose.org/incose-member-resources/working-groups/Application/transportation


Even before thinking about external 
stakeholders and the supply chain, engineering 
for a rail network involves the input of multiple 
functions and capabilities.  Design, 
development, manufacturing, quality, 
compliance and more will have an input into 
the process.

All of these disciplines have a unique and highly 
valued set of skills, but as a result of their 
different perspectives, it can be challenging for 
them to keep one another’s needs in mind.
Engineering works better when it’s more joined 
up.  It comes down to effectively sharing 
information between teams and with suppliers, 
but as the demands on the network become 
more complex, engineering will have to look at 
different ways of making this practically 
achievable.

What this would mean is moving past ad hoc 
communication between teams and with 
suppliers – passing emails, documents and 
spreadsheets around and outside the 
organisation – and towards a way of handling 
shared information with respect for the needs of 
different functions and suppliers inherently built 
in.  Such an approach would need project and 
task information to be specified in a 
standardised format that is designed to meet 

the needs of everyone expected to use that 
information.  It would also need to be responsive 
to change, and enable seamless propagation 
of any updates to project goals, specifications 
or standards across all engineering functions 
and down the supply chain, while keeping 
everyone on the same page by guarding 
against errors, miscommunication and poor 
traceability.

When you put it that way, you wonder if the best 
way to think about sharing information is 
‘communication’ at all.  Communication implies 
two separate stores of knowledge interacting, 
when in fact, all engineering functions, and 
suppliers with them, could be working from a 
single source of truth.  A big picture that is being 
constantly maintained, adapted and used by 
everyone involved, which requires them to think 
about the needs of others by virtue of how the 
information is structured.

By setting things up this way, it is possible to 
significantly diminish the burden on engineers to 
spend time communicating effectively and 
traceably, and at the same time, it can be 
ensured that everyone’s information is accurate, 
up-to-date, secure, traceable and as complete 
as they need it to be.
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BETTER COMMUNICATION
Keeping everybody in the loop in rail engineering used to be much easier.  But as stakeholders 
demand better technology, greater assurance and more integrated systems, the process of sharing 
information and ensuring traceability can become very tedious, and prevent skilled engineers and 
valuable resources from being applied to tasks that use their full potential. 

The Melbourne Metro
Collaboration in the Cloud



Still ongoing, the Metro Tunnel project in 
Melbourne is one of the most complex civil 
engineering projects in Australia’s history.  Over 
eight years and costing around £6 billion, the 
plan is to construct twin 9km metro tunnels under 
central Melbourne, dramatically increasing 
peak capacity on many of the city’s suburban 
rail lines.

The demanding project requires coordinating 
around 7,000 construction workers and other 
professionals, ongoing collaboration with a wide 
variety of independent contractors, and 
constant communication with numerous 
stakeholders.

Using traditional requirements management 
methods with such a diverse array of 
independent engineering contributors would 
have led to siloed data and a lack of common 
standards, which could have taken weeks to 
process into a form which would give a sense of 
the actual state of work, by which time it would 
be out of date.

Instead, Rail Projects Victoria (RPV) adopted a 
software package that enabled them to 

manage their requirements collaboratively in the 
cloud.  This tool enabled all suppliers and other 
stakeholders in the project to work from the 
same, single source of truth, while still preserving 
their data privacy and intellectual property.

When the requirements change, the change 
can be processed through a project-wide 
workflow that highlights the interdependencies 
between requirements across all parties, and 
when the request is approved, it can be 
immediately propagated across all of the 
suppliers, with the impact on their subsystems 
clear and unambiguous.

By introducing standardised requirements 
management and a common platform, RPV has 
significantly improved its ability to handle 
change in a complex supply chain, and 
mitigate the associated expense, risk and 
delays.

Read more about this case at 
https://www.ibm.com/case-studies/rail-projects-victo
ria-watson-cloud-engineering
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Communicating Value
Getting suppliers to understand requirements 
can be a time-consuming and costly 
negotiation.  

Every organisation can find itself dealing with 
suppliers who will find any way they can to 
misinterpret instructions.  According to the 
Deloitte Global Chief Procurement Officer 
Survey 2018, two-thirds of procurement leaders 
identify generating win-win situations and trust as 
a key approach to supplier collaborations.

Standardising requirements across the supply 
chain, and enabling everyone involved to work 
from a single source of truth about projects, can 
solve many of the problems associated with 
relying on external resources to deliver a better 
rail network.

Sharing information with suppliers in this way can 
help rail infrastructure owners maximise the 
lifetime value of their assets, not just by ensuring 
that work is being done to an acceptable 
standard of quality, but also by guarding against 

scope creep and protecting tight specification 
and change control.  

A single source of truth ensures suppliers are not 
just delivering no less than expectations, but also 
no more than the network can afford.

https://www.ibm.com/case-studies/rail-projects-victoria-watson-cloud-engineering
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BETTER CHANGE

Nobody wants their project requirements to 
change in the middle of their work, but it 
happens to everyone.  And even if the 
objectives remain stable, there is always the risk 
that changes in the network during the life cycle 
of the asset could necessitate going back to the 
drawing board.

SE can help make rail engineering more 
adaptable to these kinds of change, and 
mitigate the associated costs, both by making it 
easier to anticipate these risks before they arise, 
and by making it easier to change course when 
new requirements do come out of the blue. 

SE stakeholder engagement processes may by 
themselves significantly reduce the risk of such 
project change, simply by virtue of providing a 
better and more comprehensive understanding 
of the project objectives at the outset.  But no 
process can pull information out of the void 
when it doesn't exist, and when a change in 
direction is unavoidable, SE can also help a rail 
project adapt to that change more quickly and 
seamlessly.

Using good SE practice generates a solid and 
adaptable bank of information about a project's 
objectives, design, workflow, implementation 
and testing.  If the project requirements change 
when work is already underway, the structure of 
this information makes it far easier to interpret 
the effect of this change on the project as a 
whole.

Many unexpected interactions with other 
requirements, as well as pressures on schedule 
and budget, will be immediately visible through 
requirements management practices and the 
project model.  The change will be immediately 
promulgated to all relevant teams, who would 
be working from the same single source of truth, 
allowing both direct employees and partner 
organisations to immediately assess the impact 
of the change on their plans.  And any new 
verification and validation standards implied by 
the change will not be ignored, as these are tied 
directly into the specific and measurable project 
requirements.

Furthermore, with sound knowledge 
management supporting SE activity, this project 
information can be retained throughout the life 
cycle of the asset, and if any midlife upgrades 
are necessary, it becomes much easier to make 
those changes without reinventing the wheel.

All rail assets exist as part of a larger system, and 
successful rail engineering needs to understand 
not just how its asset fits into that system as it 
stands, but how it will react as the system 
changes in the future.

The introduction of cab signalling on the GB 
network shows that even rolling stock needs to 
be able to adapt to the changing systems of the 
network, to say nothing of future pressures from 
accessibility and decarbonisation.

Network-wide systems like control, command 
and signalling also have a great deal of 
complexity and emergent behaviour in their 
own right, and exist in a constant state of flux: 
never more than now.

As rail systems become more complex, the risks 
associated with project change become more 
difficult to manage.  Different components in 
the network interact in increasingly complicated 
ways.  Keeping sight of the big picture while the 
individual parts adapt to new technologies is a 
critical mitigation of risk.

Moving goalposts can seem like a fact of life in rail engineering.



Network Rail’s ‘Digital Railway’ programme is a 
large-scale overhaul of the entire network’s 
Control, Command and Signalling (CCS) systems, 
with the potential to hugely increase the safe 
capacity of the network while reducing cost.

The programme will ultimately replace every 
lineside signal on the network with cab signalling 
systems, but in the meantime, some existing 
infrastructure will reach the end of its life and 
require immediate replacement.

The SWORD (Self-powered Wirelessly Operated 
Distant signal) project was the result of exploring 
cost-effective options for these ‘temporary’ 
signals.  The idea was to remove the need for 
long lengths of fixed copper cable between the 
signal and its control point.

At the time, model-based systems engineering 
and simulation-based validation were relatively 
new approaches to Network Rail and CCS, but 
there was a need to verify and validate the 
SWORD system more quickly, cheaply and safely 
than would have been possible with a traditional 
prototype.

By building a systems engineering model of 
SWORD, Network Rail was able to validate the 
system through simulated testing, produce a 
better specification for stakeholders, ensure 
end-to-end traceability of the system, and 
maintain an adaptable model for any future 
specification changes.

This case study was adapted from “Verification and 
Validation of a new type of Railway Signal using MBSE 
and Simulation”, Stephenson, Vine & Towers, 
November 2018.

Transparent, real-time information on a project is 
critical to ensuring that it is being delivered on 
spec, on time and on budget, and traditional 
tools have often been of limited use in providing 
that, especially when a project is being delivered 
through or assisted by multiple subcontractors or 
a complex supply chain.

Systems engineers have developed many 
procedures and tools for managing project 
information in a way that guarantees rigour in 
objectives, process and quality assurance.  
Research has shown that systems engineering 
activity has a significant, quantifiable return on 
investment, which can be as high as 7:1 in 
projects where little or no systems engineering 
activity has been employed at all. 

What's more, SE tools can help with project 
control, and ensure work is delivering the value it 
was planned to deliver.  By making processes 
more transparent to ongoing value engineering, 

not just for the full duration of work, but 
throughout the full life cycle of the assets, these 
tools can help engineering enhance quality, 
mitigate risk and lower costs.

These tools enable the maintenance of a single 
source of truth about the project, which persists 
not just along the full life cycle of the project but 
across all stakeholders and partners who are 
working to achieve it.  By moving these tools into 
the cloud and enabling cross-compatibility, 
different teams, including those from partner 
organisations, can all feed into and draw from the 
same, real-time feed of project information.

Delivering value is easier and less risky when those 
who need to know have a clear picture of what's 
actually going on.
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