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A new railway service across London from Est to West,
going also outside the Greater London area.
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A new underground link between existing rail lines
through the construction of a new tunnel in the city center.
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Depiction of Crossrail services CROSSRAIL
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MTR — Metro Hong Kong decided to use a dynamic simulation from
the early tendering stage. To goal was to reduce the risks for the
company ensuring a better quality of service during the future
operations. In this way it was possible to estimate (thus reducing
possible malus and ensuring a better financial balance).

After winning the concession . |
of Crossrail, MTR decided to mtrCrOSSI"C] II 8

continue to realize dynamic R0
) ) ) ] Stochastic Simulation
simulations in order to :

- Improve the quality of

Estimate delays & penalties

service on the first routes Analyse operations,

(on the existing tracks) Propose tweaks to improve the timetable
- better prepare the future

Opening of the central Sensitivity analysis

Estimate delays & penalties

section.
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Simulation Design of

scenarios

lllll’»fiﬂuﬂon

The rail planning can be viewed as a loop (see also alius presentation
for the Rail Conference 2017), which starts from the problem definition
and whose elements are the analysis of real data, the design of
scenarios, the simulation and the analysis of simulated results.

The loop is the ideal support to timetable planning, which is
becoming more demanding since punctuality has become fundamental
since delays lead to higher costs and lower customer satisfaction.
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The approach for the simulation with the “planning loop”
and the simulation model for Crossrail

R S B R R e TR

— B Stratford

Shenfield

A Chadwell
Ealing RAi iesih
Broadway e Gat
Taplow - j Whitechapel Park  Goodmays
oSk Farringdon
Slough \ver West Ealing gd
Burnham Drayton Southall R, o0

Maidenhead

Acton Pad
Hanwell Main Line

Langley

% Hayes&
% Harlington

Tottenham
CourtRd

Heathrow

=-.1 mconsulting

2018 RAIL CONFERENCE - Big Data to improve the quality of operations: application to Crossrail in London

)”s

10

1ty

g!//m




Goal for MTR in 2017 :
U increase the quality of operations on the East part of the network

O reduce the risks for December 2018 (propagation of delays from the
classic national network in the Crossralil tunnel)
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How to use Big Data to improve the operations ?
Workflow: main concept

Combination of stochastic simulation, analysis of train data, analysis of
pax counts and smart card data and of course ... experience ;-)

Track Circuit data Oyster (AFC) data

Improve the Expected

timetable: Where? Passengers

New timetable
Improved timetable
E‘MConsulting
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How to use Big Data to improve the operations ?
Workflow: input

Combination of stochastic simulation, analysis of train data, analysis of
pax counts and smart card data, experience

Relationship Pax Join/Al -
Pax On Board - Dwell time

Stop time & N of Pax

Aggregate the Demand/minute
Demand (Pax ->London/Station/min)

Track Circuit data

Passenger Counts
Critical Trains

Critical Trai
ritical Irains (Pax on board)

Oyster data

Critical Trains
Delay

Critical Trains
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How to use Big Data to improve the operations ?
Utilization of the information about the passengers count
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How to use Big Data to improve the operations ?
Utilization of the information about the passengers count

Oyster Data: Various Days

Oyster - Harold Wood

30
~ 22/02/16 — 23/02/16
24/02/16 — 25/02/16
— 26/02/16 — 29/02/16
225 01/03/16 — 02/03/16
' 03/03/16 — 04/03/16
07/03/16 — 08/03/16
09/03/16 ~ 10/03/16
110316 — 14/03/16
15 15/03/16 — 16/03/16
17/03/16 — 18/03/16
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How to use Big Data to improve the operations ?
Utilization of the information about the passengers count

Relationship Pax Join/Al.-

RORIUE S ot Pax On Board - Dwell time

Brentwood Harold Wood
100 ¥ ®0,1725x+ 27,62 100 % 0,0822x+30,804
R*=0,279 R*=0,09744
50 50
20 g0

T T T T T 2l
0 20 40 60 80 100 120 140

Romford ¥ =0,0634x + 23,702 Chadwell Heath y=0,1113x+22,535
100 R¥=0,22296 100 RF=03365
% s0
20 80 -
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How to use Big Data to improve the operations ?

Relationship Pax Join/Al.-

RIORIME S ot Eax Pax On Board - Dwell time

Brentwood - Actual stop Time = logn(Expected Stop time)

¥ER1TIS FITET

100 -
R =0.279

]

“Expected Stop time = f(pax Boarding)
i"'

Dwell Time

Pasgengers Boarding

N of Pax boarding __/’;E’-’/

The relationships obtained for each station and displayed at the previous slide are used for the simulation.

The line obtained is combined with a log-normal distribution representing the deviation from this deterministic mean
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How to use Big Data to improve the operations ?
Workflow

Relationship Pax Join/Al.- Expected (Mean) e
Pax On Board - Dwell time Dwell time/Pax )

Demand/minute Pax Join/Alight. N Dwell time Distributions,
(Pax ->London/Station/min)  FALE A G Delays

Critical Trains

Pax < Capacity? | Robust? (PPM?
(Pax on board) ax < Capacity? | Robust? ( )

Timetable Draft
Critical Trains
Delay

Improved Timetable
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How to use Big Data to improve the operations ?
Analysis of real operation data (berth level data)

Comparison between planned timetable et real occupation
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Punctuality (1’, 3’ and 5’ minutes delays)in a station during the morning

peak hours
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How to use Big Data to improve the operations ?
ldentification of the most critical trains in the timetable

Analysis of the actual data between 06:30 and 07:30 :

late departure from GIDEA Park, then delays not recovered
27N 2\ 2~ \ 2\
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Analysis of the actual data between 08:00 and 09:00 :
Area of nearly 50% of the trains overlaps with the following one
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Analysis of the actual data between 08:00 and 09:00 :
Detail of a very critical train departing from GIDEA Park
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How to use Big Data to improve the operations ?
Proposed timetable improvements

----- December 2015
Proposal
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How to use Big Data to improve the operations ?
Estimation of the results with the simulation

Track Circuit
Data

Rl A [T, .
Dwell time/Pax
Variability of

Dwell time Distributions, @ Initial Delays :
y Train Perf.

Synchronous Stochastic Simulation

Timetable Draft

Train Delays
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How to use Big Data to improve the operations ?
Estimation of the results with the simulation
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How to use Big Data to improve the operations ?
Estimation of the results with the simulation

-==== December 2015
Proposal HPM: Proposal vs Dec 2015
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How to use Big Data to improve the operations ?
Ex-post verification : April 2017

Comparison between planned timetable and real operation
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Comparison between planned timetable and real operation
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How to use Big Data to improve the operations ?
Ex-post verification : April 2017

Evolution of the performance along the line : train arriving an 08:35
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How to use Big Data to improve the operations ?

Ex-post verification : May 2017

 C

Train(s): 2
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Evolution of the performance along the line : train arriving an 08:35
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Efficient and effective utilization on a synchronic dynamic simulation

A good calibration of the model based on real data is essential to
ensure good results

The utilization of passenger data xml infrastructure

permit to ensure a better Synhronous Timetable
. Icroscopic lannin

evaluation of the new dwell Simulation e

time at the stations. trenissimo TRENOPIus
This value is very important in
a very dense and saturated
network.

The utilization of a powerful

new “planning suite” reduce s caldg
significantly the project time

and increase the accuracy of

the results.

SQL
database
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