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Core Presentation Themes
This presentation will cover the following core
elements:

London Underground Deep Tube Upgrade Programme
System Function Definition Model Case Study

• A bit about London Underground and the Deep Tube
Upgrade Programme (DTUP)

• Elaborate some aspects of the paper.

• How we developed the functional model for DTUP,
what we did, and why we did it the way we did.

• Accessibility of systems engineering techniques to
non-SE practitioners and tailoring to their needs.
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Introduction



About the London Underground Network

London Underground Deep Tube Upgrade Programme
System Function Definition Model Case Study

London Underground, better known as the Tube, is the world's
oldest underground railway network, and one of the largest.

https://tfl.gov.uk/corporate/about-tfl/what-we-do/london-underground

• First line opened in 1863

• Comprises of 11 lines

• Covers a total of 402km

• Serves 270 stations

• Handles up to 5 million passenger journeys per day.

With more people than ever using the Tube, ongoing improvements are essential to 
manage ageing assets and ensure the tube continues to operate effectively. 
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About the Deep Tube Upgrade Programme (DTUP)

London Underground Deep Tube Upgrade Programme
System Function Definition Model Case Study

The Deep Tube Upgrade Programme (DTUP) is an
upgrade of four “Deep Tube” underground lines:

https://tfl.gov.uk/corporate/about-tfl/culture-and-heritage/londons-transport-a-history/london-underground/a-brief-history-of-the-
underground

• Central Line (Opened 1900)
• Bakerloo Line (Opened 1906)

• Waterloo and City Line (Opened 1898)

• Piccadilly Line (Opened 1906)

https://en.wikipedia.org/wiki/History_of_the_London_Underground#/media/
File:Why_London_Underground_is_nicknamed_The_Tube.jpg
Image released for use in public domain.
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About the Deep Tube Upgrade Programme (DTUP)

http://content.tfl.gov.uk/pic-20180516-item08-deep-tube-update.pdf

The Deep Tube Upgrade Programme (DTUP) has the following key objectives:
• Maximising capacity: delivering a 36 per cent increase across the four Deep

Tube lines
• Reducing journey times: through faster and higher frequency train services (up to

33 trains per hour (tph) on the Central and Piccadilly lines)
• Renewing life-expired assets more efficiently through a multi-line approach
• Improving safety and reliability: a step-change in performance through the

introduction of modern train and signalling technologies
• Enhancing the customer experience: through the introduction of a consistent

brand of new air-cooled, fully accessible trains
• Driving down whole-life costs through greater standardisation in system

specification, procurement, operations and maintenance
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The DTUP Functional Model



Why was a Function Model Needed?

• With an introduction of new technologies and significant service uplifts,
this meant that the way the affected lines would be operated would be
significantly different from today.

• A desire to ensure that the system was future proofed, meant that
potential future operating modes needed to be considered.

• To ensure completeness of the Operational and Maintenance Concepts
and User Requirements, which informed the requirements and system
design.
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DTUP Requirements Structure
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High Level Methodology for Developing the Functional Model on DTUP

1. Sponsor Requirements and Operational / Maintenance Concept used to identify core 
functions.

4. Operational Process Execution Diagrams (OPExDs) developed for each of the Specific 
Applications.

2. Functional Descriptions written for the identified functions.

3. Specific Applications identified for each function.

5. Operational Process Execution Diagrams reviewed by Specialist Engineers (e.g. Safety 
or RAM Engineers).

6. Additional Functions included if required, or in some cases removed or consolidated.

7. Development of functional system level requirements from the OPExDs, and use of 
Satisfaction Matrices to ensure full coverage.
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DTUP System Functions
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A functional description comprised of:

1. Transformation
2. Summary / Description
3. Process Steps
4. Specific Applications
5. Exceptions
6. Additional Considerations

Anatomy of a Functional Description
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1. Transformation

2. Summary
i

This function opens the customer doors such that they are aligned with a useable and safe
platform interface at a station. Part of this function ensures that the relevant prerequisite
conditions are met before the Train doors are opened, and that suitable notifications are
raised to influence customer behaviour and to provide awareness.

Train doors go from a closed state to an open state at a passenger platform.
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Example Function – Open Customer Doors at a Platform

• Transition Train doors and required ancillary PTI equipment into an open/safe state

3. Process Steps:
• Confirm that the Train has come to a stop within appropriate tolerance of the correct stopping position
• Identify which side(s) of the Train to open the customer doors
• Identify any Train doors/Platform Train Interface (PTI) equipment that should not be opened and inhibit 

the respective doors from opening

• Communicate which customer doors will and will not open

• Ensure that the relevant prerequisite conditions are met before customer doors are opened
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• Provide audible and visual warnings of customer doors opening to customers inside the Train and on the 
platform

• Provide necessary instructions/handshaking/synchronisation between the Train and any ancillary PTI 
equipment



• Manually open doors from inside the Train (Manual Operation)

4. Specific Applications (not an exhaustive list):
• Manually operated Train

• Legacy Attended Automatic Train (Central line)

• Attended Automatic Train at Migration State 6

• Manually open doors from the platform (Manual Operation)

• Manually open doors from the platform (Legacy Attended Automatic) (Central line)

• Manually open doors from the platform (Attended Automatic)

• Open doors of coupled Train (all variants, including legacy-DTUP and push / pull configurations)
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Example Function – Open Customer Doors at a Platform

etc…..



5. Exceptions
!

6. Additional Considerations

• Confirmation that the Train has stopped in the correct location has not been provided.
• Train door fails to open.

• Prerequisite conditions (e.g. Stopping location, Correct Side Door Enable (CSDE), PTI 
Equipment, etc.) not achieved.

• This function needs to consider what happens when a train enters a platform from a non-
normal direction.
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Note: The start and end conditions of linked 
functions must be compatible!
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Operational Process Execution Diagrams (OPExDs)

• These diagrams take the functional descriptions and 
develops “how” each Specific Application of the 
functions will be achieved by the system.

• Shares similarities with SysML Activity diagrams.

• Developed within DTUP as a way of encouraging 
engagement with the teams and stakeholders, by 
communicating this aspect of the system in a 
common language.
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SYS-9960 (MS 6+)
SYS-8835 (MS 6+)

SYS-8849 (MS 6+)
SYS-8850 (MS 7+)
SYS-8847 (MS 6+)
SYS-1611 (MS 6+)
SYS-9068 (MS 6+)
SYS-9970 (MS 2+)
SYS-9960 (MS 6+)
SYS-8835 (MS 6+)

SYS-8849 (MS 6+)
SYS-8850 (MS 7+)
SYS-8847 (MS 6+)
SYS-1611 (MS 6+)
SYS-9068 (MS 6+)
SYS-9970 (MS 2+)
SYS-9960 (MS 6+)
SYS-8835 (MS 6+)

SYS-9970 (MS 2+) SYS-9970 (MS 2+)

Make a record of the area that has been treated [SysFn-918] SYS-3455 SYS-3455 SYS-3455
Monitor de-icing fluid levels on board de-icing Trains [SysFn-925] SYS-4515 (MS 2+)

SYS-8562 (MS 2+)
SYS-4515 (MS 2+)
SYS-8562 (MS 2+)

SYS-4515 (MS 2+)
SYS-8562 (MS 2+)

SYS-4515 (MS 2+)
SYS-8562 (MS 2+)

SYS-4515 (MS 2+)
SYS-8562 (MS 2+)

Train is not in motion SYS-9540 (MS 2+)
SYS-9969 (MS 2+)

SYS-9540 (MS 2+)
SYS-9969 (MS 2+)

SYS-9540 (MS 2+)
SYS-9969 (MS 2+)

SYS-9540 (MS 2+)
SYS-9969 (MS 2+)

SYS-9540 (MS 2+)
SYS-9969 (MS 2+)

Train is operating in tunnel sections of the line SYS-9540 (MS 2+)
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Accessibility of SE Techniques to Non-SE Stakeholders

Rich Pictures and Visualisations
Natural Language Output

Communication and Collaboration Tools

Formalised Patterns
Modelling Languages
Formal System Model

Client / Stakeholder / Non-SE PerspectiveSE Practitioner Perspective

Drives / 
Governs

Achieving good balance here (which depends on the maturity of SE in the particular industry) 
promotes good engagement with stakeholders and hence better quality information that can be 

fed back into the model.

“Picture This!”, provoking stakeholder engagement through diagrammatic iteration - Welford (et al)
http://www.extuitive.co.uk/papers/PictureThis.pdf

The “Picture This!” paper by John Welford (et al) discusses the importance of effective 
visualisations with respect to SE outputs.
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In Conclusion…



A custom, but repeatable and scalable methodology was implemented on the 
Deep Tube Upgrade Programme to develop a functional model and the 
programme’s functional requirements.

The methodology was particularly effective at:

• Promoting good collaboration and cooperation between the teams.
• Providing a common language to facilitate a common understanding of the 

system across the various disciplines.
• Providing a focus on “what happens when things go wrong”.
• Identifying and plugging gaps in the OpCon and User Requirements.
• Helping the Programme consider future operating modes.
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