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Systems Integration

Colin Brown Former Technical Director







Complexity

Rolling Stock &8
Depot

Central Operating Section (routeway)

Great Great South East Portals Shafts = RouteWay Civils Plumstead |3 Railway Systems
Eastern Western Section

C631 Patiorm C660 Comms
Screen Doors and Control

Abbey Wood \Whitechapel Paddington
Station Station Station
E E 3

Bond St
Station
E

Word Y.
- Heathrow Spur

i

E* E

Key

E Red outline = Element Handover from CRL E

* RfL then hand stations to MTR
+ CRL using NR AMP process for Handover

€530 Connaught

Head House

C300410 Drive X,
Royal Oak Portal to

Non-traction HV

OHLE)
East Spur

South
Track

E Element = CRL Handover to an “Operator” i.e. NR/RFLI*/LUL (25 x Elements)

Yelow Plant

(9 x stations, 5 x shafts, 5 x portals, 1 x RouteWay Civils, 1x railway systems, 1 x non-traction HV

networks, 2 x Plumstead, 1 x liford); and

RFL procure for RFLI (3 x Elements)
(1 x O0C, 1 x Class 345, and 1 x yellow plant)

ONW Element = NR Handover to either NR or TOC (8 x ONW Elements)

(3 x stations (SE/GE/GW), 3 x routeways (GE/GW/Heathrow Spur), and 2 x DOO CCTV (GE/GW)
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Complexity

INTERACTIONS
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Adapted from Figure 3.1 Interaction / Coupling Chart, Normal Accidents, Charles Perrow 1999
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Hindsight
I n S I g 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Programme Functional Requirements

sySte ms V&aselime 1 Baseline 4 VBaseline 5 v Baseline 7

i Systems Test, Integration &
Design & T 1.

Integration 0001

pinmigag iy ORIGINAL OPENING DATE
ASSENT GRANTED ELIZABETH LINE OPENS

@ Tunnel & Tunnel Systems Design Construction Blockades
Framework Tunnel Basebuild Constructiol @ e @
Designers -
Tunnel @ @ Tunnel Systems Fit-out . . . .. ....
Comms  Platform Tunnel Systems Test & Integration ...
System Screen Tunnel
Doors 0 O O Vent
Tunnelling Track Complete Tunnel
Complete ‘Energised’

o &&® o
L S0 I

Stations N N I ™ e S N
CEESN T T 1T oo ][]
oot egsioni — ] ] |

© T
Train Build & Fit-out (70 units)

Train Train Software Development

Train Test & Integration

Train 1

%] sualingDesin
Signalling O
O

Key: @c«:ntract Award o significant Event @ Construction Blockades v Requirements Baseline o Key Dates
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Deliver in Stages

Assured Railway
Configuration #2

Assured Railway
Configuration #1

Assured Railway
Configuration #3

SCOPE & SCOPE &
FUNCTION FUNCTION

SCOPE &
FUNCTION

TEST &
VALIDATE

TEST &
VALIDATE

TEST &

N VALIDATE

& ASSURE

EVIDENCE EVIDENCE
& ASSURE & ASSURE

Trial Trial Passenger

€D Physical Scope Running €D Physical Scope Operations €D Physical Scope Service
o Functionality 0 Functionality 0 Functionality

e Gaps e Gaps e Gaps
Safe |V Safe Safe
Operable | v Operable Operable

Maintainable ZI Maintainable |« Maintainable |«
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Get a Grip on Complexity

12 3 45 6 7 8 9 101112 1 2 3 4 5 6 7 8 9 101112 1 2 3 4 5 6 7 8 9 101112 1 2 3 4 5 &
Benchmarked System Integration Timeline — 5 metro projects, worst case

p 15 months Al
| [ Mtiple Train Dynamic Tests | Trial Runring [ rial ops L 3

Crossrail DCS 1.0 - P80 (First-Pass Estimate) @ April 2019

« 19 months |
o ool L [~ onaricresing [ TilRuming ol 2

Crossrail DCS 1.1 — September 2020

26 months (@P50) + 6 months contingency (@P80)

< »
im0 |l AW W] seessnc] oynamic resting. @ coviD | DynamicTesting | ST | TrialRunning | Trial Ops  SMMCI T ME. g

{P50) (P80)

London — Elizabeth Line (Actual) — May 2022 Opening

31 months
< >
s A AR | Sectowiai] " Dynaic vestng @ COVID | DynamicTesting | SO | . TralRunming . |TOPLA| Tl Ops PLE R g

- s . ]
I System Testing with a Train (STT)
I I B O O EE O .

I(ey : . Opening Date O COVID Shutdown Dynamic Testing {21 Systems Integration Dynamic Testing Trial Operations

¢

s
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Integrate from the Top

Role of the Integrator .

* Requirements

Contracted Design, Install & Test \

* Scope

* Design

* Configuration Control
* Complex Functions

Routeway

® SWWo) \

* |nformation & Data
e Critical Resources

. Contracted Integration Testing e Access & lsolations

Stations e System Assurance
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Integrate from the Top

r CRL Systems Integration Lead I Plateau Lead
I Pradeep Vasudev ] Hugh Bridge
Crossrail Bombardier Siemens MTR -EL RfL{(l) Network Rail
| | | | |
Rolling Stock i i
B n i BTLead Siemens Co-Lead MTR-EL Lead RfL Ops Lead NR Lead
Lims Dafvary ond Bednall Eckhard Leuck Paul Nayi Paul Coot ;
DoLeher Jason Lacey Joe Bedna ckhard Leucke aul Naylor aul Coote Keith Attoe
i 1 1 I
S?ge:jlr:g Chief Engineer Siemegs C;-Lead RfL Tech Lead NR
; ran
Jonathan Osgood Kevin Bowry B btk s araann John Davenport Peter Kalton
Project Manager it . : >
gration Technical
Joanna Stanyard James Andrews Nick Beevers KEY:
| 1
Signalling Train, YP & Sig : -
5 S| LB&d Assurance |4  Assurance nr:gr’ft?ng?;l)j;:an Technical Perm;ment
Aieniaddd s Carlos Franco Ruairi Kennedy Rob Watson INEIer
. I
Systems Engineer Integration Tech Specialist iali Plateau Lead
Natalia Sanz Tom Endersh T&_C Lead Sanjeev Ratfi CIF Specialist aleau Leads
tide y Catherine Latham Mark Burch
Software &
Workstream
Software Impl. TaC T&C Systems i
e Neil McCrimman Steve Massey Richard Newman
Ken Chan
Systems Engineer CIF Manager T&C
Ben Wood TRIAGE Neil Oakey Dave Orme

Crossrail
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Take a Hard Line on Software

Software Unit Testing & | Schedule Risk

Software Layer Development Assurance & Potential
Time Time Impact
High
. . PRODUCT o 6—-9months > 6 months +12 months
1. LAYER 1, Static System Testing
(switch on and set to work) _
i ) ApPLICATION )  1-2months  1-2 months “:Ed'“":]
2. LAYER 2, Dynamic System Testing S LRl
(single train)
Low
3. LAYER 3, Transition Testing DATA © 12weeks  12weeks 1 month

(single train)

4. LAYER 4, Dynamic Testing Eresc pohDA CBTC Softw
. . ore shby-de-la (o} are
(multiple trains) K Product Q00 Zouche, UK Integration & ATO

Stockholm Knorr-Bremse o 0 Braunschweig
5. LAYER 5, Full-Service Testing 3’“6;3 "é‘:g:s’r':if;:;;‘ca"t;’:: &rg‘é
(Trial Running / Trial Operations) (Melksham) /
ATP Core
ETCS DMI Bombardier Siemens _— Product
India \ 345 Train Build & CBTC Crossrail Paris, France
(A Integration (Derby) Application (p)
- TCMS Development
. . - ETCS onboard & DMI (Chippenham) ATS Core
@ Data / Configuration Defect TtMs _— | -Tows g - ATO, ATP, ATS Ol — Product
’ : Germany - Radio & Comms - Radio & Comms o I .
€3 Application Software Defect (numerous sites) \ / Madrid, Spain
@ Product Level Software Defect 000 \ 00
Crossrail Systems Integration ATS
TPWS Environments Support
Mors Smitt - Crossrail Tunnels (London) India
(Burton on Trent) - Melton Test Track (Derbyshire) o
GO - Crossrail Integration Lab (Chippenham)

Crossrail
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Take a Hard Line on Software
-

4 InDelay

Note: R-O means Roll-Out
end date where software
deployment is incremental,
eg across fleet or stations

* Door force duration

effect resilience
* Currently installed at
FDX, TCR & WWC

timeout for TVS / piston

* ~200 CFXs planned to
resolve

Note: H5.4 is ELR110 version
of H5.3 and first train for H5.4

+ Door force & WNC
Note: Becomes V11.0

is 20/12

when fully assured

* GWML Axle Counter
* Test in the West (TDB

available)

2021
L Trial Operations commence (20/11) Stage 3R commence (6/3)
Changes affecting either Y0.637 [8 ’ H5.3 ! a Y0.640C1 : ‘
Alstom TCMS, ETCS, Y0.640B (G01-006) 5 (G02-006) H5.6
TPWSIAWS or Siemens (22/09) (20/10) (17/12-14/1R-0)  (20-29/12 R-0) (1/2-4/3 R-0)
on-board ATC/ RCS
First Train with Config ’ ’
+ roll-out end date ' H ELR110 GE Balise '
Wayside/RCC: it ELR100 (Go1-007) g (G02-006) change \
Changes affecting 4 (25/10) H | (28/12) (2-3/1TBC) H
wayside ATC, ATS, z ‘ : >
IXL, RCS I ; / V11(i017) \
Commissioned o= - vio.8 , ) (20/12 Approved P . \\\
PSD: & i /' 6/1-20/1R-0 —o \
Changes affecting PSD 4/ 4,(0“1 : ’ ’ ! l S .y >
Commissioned + 9 ) : . = | ) 3 N
roll-out end date / CMS26.1 CMS26.2 L CMS26.2.5 ! cMs26.3 ST : ! CMS 28.0 \\‘ CMS28.1 S~ __ -
N - . -
(af9) _ (18/9) o (16/10) ! (30/10) .- 1 (/1) (5/2) ..
Changes affecting CMS ,'J ’ ’ == =" - ’ : ’ ’ ” : ’ ‘\ ’ R
Commissioned Tvs#2 [ P TVS #3 § s TVS #4 ; ' ‘\‘ ' AN
s 1 ’ ] I 1 x
TVS: (Aug 21)/ K (Oct21) K (20/12) : ! \ |
Changes affecting CMS .' £ ) ’ — " \‘ "
Commissioned h L2 J i ) /) L= 5 Yo 9
L ] L Lz - . r ,J y s ' ) ot ]
_____ o= y v ,~"Trial Running __.* ) Lt i /  Trial Operatioris \ l‘.
- 1 ’ s ] - i \ 1
7 ; / ' y ! ‘ : ! 1 . i
i L4 e "
TVS Config 2: Alstom Config: ; | TVS Config 3: J Alstom Config: TVS Config 4: .'I CMS 28.0: Siemens Config: CMS 28.1: Alstom Config:
* Reduced TCMS: 7.6.5.3 ! |+ Reduced airflow for K TCMS: 7.6.6 « Correct speeds for ) [ CBTC: ELR110 G02-005/006 | §+ EOWL 2B TCMS: 7.6.7.2
airflow for ETCS: MR8.1- H incident in a platform h ETCS: MR8.1-R2.5.0-PVI6.9.3 platform incident ! Fixes * Readiness for Stage 3R Fixes ETCS: No Change
Congestion R2.5.0-PVI16.9.1 + [+ Change the system to a :' * CCUO Leadership Swap with a shaft out of ! . E;:ED”:I‘ZE;';‘"CE + CCU-5 Swap (TBC)
operation ' Windows 10 platform : * HMI/DMI Blanking service ! A Fols * MIO-5 0 '3955 (TBC)
: i + CCU-DAS defective * Resolves remaining ' - WOO 30\" ; Lo alllize i s i
i ; . . ! s Min Dwell power on (TBC)
Milestone (see RAG slide) KB Config: D * Driver unable to enter ID congestion issues at |! « GE Fringe Automatic
. complete PSD Software: v10.8 CBTC: ELR100 G01-006 {007 * dErcs TrdanSition faUItv EB Canaw Wharf E . EQCT‘IS':I'UI: FSFTViCE brake fix NOtE‘: KEV fixes or chanses that
<) onPlan « WNC link fix deployed to * Enables CBTC Passenger eman ‘e PMI: L require to be sentenced to a
; cos Certification & Major Step * GSM-R Auto Pop fix (Non KB Config: y o bulld:
At Risk + RCC Audible Alarms . N I
ional rail AR) PSD Software: V11(V10.17) GSM-RAuto Pop in AR
to an operational railway. : . « Plumstead OSP to Gate « Station-Skip
= Full Release Alignment « Start of Mission post AR

Crossrail
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Establish Truth and Trajectories

TR O&Ms - Routeway

S T T T T T T T T T 6 _______________________________________ = All TR 0&Ms Forecast Plan - - Assurance Fragnet
1 [ —— Tisen [em—— .
| L™ B B Lt e . o e e s O 8 week trend rate Requirement
1 8 week trend rate EER in week
: -
: reoning pucos e = e PO " E—_—
' T T T e — — — — —— ——— — - — = = = = — Actuals to go:167 \
| | Crossrail Readiness fior >
I Rul Epirmn - - Vicipria Dock Portsl e
= = Trial Running o

mngamaony =
B | 2020/21-P5- W2 :

[[/s o= DS n

1 | each element/ chapster mie
| | neferm cant- ¥
1 rtal Funning

Wos End Shat
cio

mEoung e lweovnge |11mEACtam
cue e
oRNRE e | ©

TR ACs - Routeway

[ 0 = All TR ACs Forecast Plan - —. Assurance Fragnet
| e 8 week trend rate Requirement
H 7 ) 5, .
:§ _____ { Stations ,3 8 week trend rate ' in week
| R o Blockade
1
—————————————————————————————————————————————————————————— \ Actuals to go: 31
Pt St [Ro— & Omarimk |
Teagn =3 Ty 3 e ‘,—‘ --.\\
el & door = 7 .
Ig----e- ; On Network ;
— - 1IN
| e
|
____________ e Shgedcunmletimﬁr
or | [l g O | | ontmk ) (g (e @) ()| e e o @ w
- | , trs | | " | = ' - -
€Y | 1! TR Forecast/ f : Running forPo2 | | TriaID;un:i(ngg; | | /GREEN change in i i :Ieader.fF-H: ®:eader,;ﬁ\l;e
I i | ] | N°weeks since ement lement under
i 1 Staged Completion, | TR Forecast, but | POZTRF | week (no arrow ® | 1 e i
I L ) I orecast ” Handover [for T- Handed Over St iies Staged Completion
\Completed | | _ _ _ forfemiberisation, | __ fSreman L\ __ e @ ) e EE fo Famiiasacen Fuly Handat over
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