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Chronicle of RTS Experience 
The complete rail network as of 2020 



Previous Problems and Constraints 
■  Lack of a clear system-of-systems (SoS) 

design concept prior to contract award 
■  Lack of a consistent systems engineering 

(S.E.) process to support & guide all 
systems design and risk management 
activities 

■  Shorter Project Life Cycle constraints and 
higher public expectations for new Rail 
Transit Systems (RTS) rollout 

■  Lack of in-house expertise from a pool of 
new engineers 



Previous Problems and Constraints 

Example: Hazard Management  
 

■  Circle Line design and build in 5 Stages 
■  Different Contractors are appointed for the Building 

Services Contacts comprising Environmental Control 
System/ Tunnel Ventilation System (ECS/TVS), Electrical 
Services (ELE) and Fire Protection System (FPS) 

■  Each Contractor identifies similar design, interface and 
operational hazards repeatedly with different hazard 
descriptions  

■  A review needs to be conducted to ensure consistency in 
hazards and the approach to risk reduction  



Previous Problems and Constraints 



Previous Problems and Constraints 

System Total Number 
of Hazards for 

5 Stages 

Total Number 
of Common 

Hazards 

Percentage 
Reduction 

TVS/ECS 507 260 44.60% 

ELE 469 263 42.64% 

FPS 331 188 38.07% 

Total 1307 711 42.23% 



New Concept for Future RTS Projects 

Complete systemic 
elicitation of RTS 

source 
requirements 

Four Key Concepts 

Generic SoS 
requirements 

modeling 

Reuse of generic 
SoS requirements 

Continuous 
refinement for 

future changing 
needs 
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Project Safety Review (PSR) Process 
* PSR is developed with reference to IEC 62278, IEC 62279 & IEC 62425   
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Building the Generic Requirements Model 

q  Constructed using a combination of: 
ü  Scenario-based Requirements Analysis 
ü  Top-Down Partitioning Technique 

q   Scenario-Based Requirements Analysis: 
➼  Operation Control Centre (OCC) Operation 
➼  Depot Operation 
➼  Station and Trackside Operation 
➼  Trainborne Operation 

q  Top-Down partitioning 
➼  Product Breakdown Structure (System model) 
➼  Dataflow Diagram 



Building the Generic Requirements Model 

q Reuse of Generic Requirements Model 
– Reuse for future RTS projects with similar 

Operational Concepts 

q Proper Configuration Baseline ensures 
– Each project will have a common base 

requirements 
– Each project will develop its distinct Project 

Requirements and Design Baseline 
– Project specific requirements will be uniquely 

addressed 



Generic Requirements Model 
OCC Operation (FO-0) Depot Operation (FD-0) 

Station/Trackside Operation (FS-0) Train Operation (FT-0) 

FT-0 Train Operation 
      FT-1 Prepare Train 
          FT-1.1 Startup/Close Railway Line 
              FT-1.1.1 Wakeup Train 
              [Functional Description] 
              [Operation Conditions] 
              [Safety Requirements] 
              [System Allocation] 
          … 
          FT-1.2 Manage Train Op Modes 
              FT-1.2.1 Determine Driving Mode 
              [Functional Description] 
              [Operation Conditions] 
              [Safety Requirements] 
              [System Allocation] 
      … 
      FT-2 Protect Train Movement 
      FT-3 Move Train 
      FT-4 Provide Train Communication 
      FT-5 Monitor Train 
… 
 
FS-0 Station/Trackside Operation 
… 

Generic Functional Requirements 



RTS System Model 
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Architecture Tree – Communication System 
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Manage synchronized train door (saloon doors) and PSD opening/closing sequence 
(Automatic mode/ Remote Control)
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Requirements-based Hazards Management 



Requirements-based Hazards Management 
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q Generic safety requirements is developed at 
to address all high-level hazards identified at 
concept phase 

q References: 
– IEC 62267 Railway applications – Automated 

urban guided transport – Safety Requirements 
(2009-07) 

– Best practices e.g. UK Railway Safety Principles 
and Guidelines (a.k.a. Blue Book) 

– Project experiences 

Requirements-based Hazards Management 



Requirements-based Hazards Management 



Requirements Management 

■  Managed in-house using IBM® Rational® 
DOORS® requirements management tool 

■  Houses the Generic Model and Project 
Models 

■  Facilitates the management of different 
project folder hierarchies and their 
configuration baselines 

■  Streamline task assignments for job 
specializations 



Requirements Management - DOORS 
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Generic Functional Requirements Module 



Operational Modes and Principles Definition (OMPD)  



Continuous Process Refinement 
Continuous refinement for future changing needs 
q  The Generic Model is regularly updated for: 

-  New requirements 
-  Design initiatives for new technology 
-  Lessons learned from past and current projects 
-  Process and design enhancements due to better 

understanding of emergent properties 

q  All new Projects will benefit from an up-to-date 
SoS Requirements 

q  Improved interactions among different 
stakeholders, in-house designers, contractors and 
operators 



Challenges and Uncertainties 
Extensive design considerations, experiences and 
discussions required to select a solution 

Reaching design agreement among stakeholders, 
in-house designers, contractors and operators 

New requirements are harder to assess 
compared to tried and tested design 
requirements 
Design uncertainties introduced by the 
Contractors’ system constraints 

Teamwork, communication and commitment are 
essential ingredients for successful 
implementation 

1 

2 

3 

4 

5 



Expected Benefits 
1.  Enables a structured, reference starting point to 

guide a project from concept to design stage 

2.   Uncovers the ‘real’ SoS requirements and secures 
the desired emergent properties at an early stage 

3.   Evaluates the complete problem before selecting a 
balanced solution 

4.   Provides a clear understanding on the design 
consequences before construction 

5.   Accelerates the design conceptualization and 
development without losing the flexibility to iterate 
these requirements in details 

6.   Provides ease of work breakdown and allocation and 
effective contract interface partitioning 

7.  Facilitates configuration management, requirements 
trace and test activities sequencing 



Thank You. 
 


