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Introduction
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Motivation

A Growing train traffic at existing railway network

A Platform crowding and limited platform space

A Increased train arrivals could affect platform density while extended
dwell time could delay train departures

A Whether the infrastructure could support the anticipated service
expansion (i.e. RER)

A Comprehensive capacity analysis of a complex station area is
necessary to identify the bottleneck
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Railway Capacity Approaches
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Railway Capacity

Article Name Author Year Type
An analytical approach for the analysis of raiway nodes
extending the Schwanh?@uCer DeKortetal 1999
junctions
UIC Code 406 1st edition International Union of Raiways 2004
Techniques for absolute capacity determination in raiways Burdett and Kozan 2006 Analytical
Development of Base Train Equivalents to Standardize Tre .
. . Laiet al. 2012
for Capacity Analysis
Transit Capacity and Quality of Service Manual Kittelson & Associates, Inc. et al2013
A synthetic approach to the evaluation of the carrying capa Malavasi et al. 2014
of complex raiway node
A Model, Algorithms and Strategy for Train Pathing Carey & Lockwood 1995 l
Optimal scheduling of trains on a single line track Higgins et al. 1996
A Job-Shop Scheduling Model for the Single-Track Raiway Oliveira and Smith 2000 Optimization
Scheduling Problem
UIC Code 406 2nd edition International Union of Raiways 2013 |
An assessment of raiway capacity Abril et al. 2008
US & USRC Track Capacity Study AECOM 2011
Evaluation of ETCS on rail
case study within the network of Stockholm: A case study v Nelladal et al. 2011
the network of Stockholm Simulation
Simulation Study Based on OpenTrack on Carrying Capaci
District of Beijing-Shanghai High-Speed Raiway Chen and Han 2014
Railway capacity analysis: methods for simulation and evalu Lindfeldt 2015

of timetables, delays and infrastructure

A Problem:
i Results could vary largely due to different assumptions
T Few studies compared methods in different categories
T Virtually all dwell time is fixed (TCQSM, 2013)
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Pedestrian Movements

A Traditional dwell time modeling

I Boarding/Alighting/Through passengers,
Regression models (San &Masirin, 2016)

A Pedestrian Modelling
I Analytical modelling ==

Pedestrian planning and design Fruin 1971 Platform Tl‘aln Cal‘
s = = Social force model for pedestrian dynamics Helbing & Molnar 1995
I S I l I l u I atl 0 n The Flow of Human Crowds Hughes 2003

Autonomous Pedestrians Shao and Terzopoulos 2007

Pedestrian Simulation Research of Subway

o . Zhao et al.
Station in Special Events
Using Simulation to Analyze Crowd Congesti

and Mitigation at Canadian Subway King et al. 2014 MassMotion
erchanges mm—

Use of Agent-Based Crowd Simulation to
Investigate the Performance of Large-Scale Hoy et al. 2016 MassMotion

A P ro b | e m Intermodal Facilties

I Traditional dwell time models can not show
the platform density, or reflect the flow
complication due to infrastructure layout

I Transit vehicle arrival/departure time is
fixed

2009 Legion
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Integrated Simulation

A Key assumptions for individual simulators:
 Eivad dwellt

 Ebod i ool .

A Current models:

I Ralil simulation with mathematical dwell time
model (Jiang et al., 2015) (D6 A c | et al.R017)

I Rail simulation with pedestrian simulation model
(Srikukenthiran & Shalaby, 2017)
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Problem Statement

A Few studies compared methods in different
categories

A Interactive effects of pedestrian and train
movements are not well captured by
individual simulator

Train Passenger
Movements Movements
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Study approach

Analytical Capacity Analysis
(TCQSM, Potthoff method, DB method, Compression method)

Railway Simulation

OpenTrack

Railway and Pedestrian Simulation

Nexus Platform i OpenTrack and MassMotion
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Case Study
- Toronto Union Station Rail Corridor (USRC)
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Union Station Rail Corridor (USRC)

Sneaky Dee's @

Y Yonge-Dundas Square @ s : i \ O
@ KINTON RAMEN . anuter 2 :

@ P.G Clucks J
e - g o ’ MOSS PARK
© Jimmy's Coffee DOWNTOWN O CF Toronto Eaton Centre Corktown
Art Gallery of Ontario™ Common /L
Toronto Western Hospital @ s LY @ @
o2 . 2
Nathan Phillips Square @ | | & —'m )
oW »
) - Sheraton Centre Toronto @ ) o George Brown College \
CHINATOWN 0 St. James Campus y & The Distillery
© Google e M @Hislur\c Distr,
Hilton Toronto @ D Hy's Steakhouse § 25
e Scotiabank St. Lawrence Market ©
Theatre Toronto OLD TORONTO e
e\ey ® o Storage Space
Graffiti Alley & W - o
) Fgals '“Lm{ and Bar Qb
R TIFF Bell Lightbox © L) \
Trinit ‘ onS ; Fo ol 2 J
3//%,05/ A (D LW A > © Uniun Nightclub 0 uwmuuhR%“( EASHEBAYFRON
Park g‘" e ©LCBO u“\ - LOWER
o ~ : DON LANDS
R) X : A Toronto Harbour-Pier 35 0

2,
2

%) GNC- Gen&al
Nutrition Ce\(res

© T&T Supermarket
Sugar Beach Park

==

@ Rogers Centre The Westin Harbour
Castle, Toronto ™

o Jack Layton

Cabana Pool Bar. €3

)} Ferry Terminal
) D BeaverTails,
Harbourfront Centre
73y o o o
ort York National G i
Historic Site Gardiner Expy D’Amsterdam BrewHouse
(=)
. Toronta

A Builtand opened in 1927 A 155,000 GO Train passengers and 10,000 bus passengers on a

A 760,000 square feet of total floor space typical business day

A 14 track depots,AZS platforms, 350m long and 5m wide 0?1 avebrag(? A . 0208|' daily GO Ttrain tripsl A _ . U

< r,ans , a an
A Ex%rresg.gst Woe”oaz TTtCr ansportation ! © T A™ Y43 midn' annual passengersl?or bb train'and bus
A Canadads busiest transportation Aac20milioryannualpassengetsfgs BT Cs enger s pass

through Union Station on most business day A 2.4 million annual passengers for VIA

M8 UNIVERSITY OF TORONTO

R FACULTY or APPLIED SCIENCE &« ENGINEERING

Transportation Research Institute




York University BA Line, ! ! B
Troom Barei b
v | \J \J
GO Barrie (BA)
|
. - 3 Trains/Peak Hr Oriole
8 |
N GO Richrnond Hill
N Bloor (RI)
GO ? 2 Trains/Peak Hr
UPX Kitchener (KI}
2 Trains/Peak Hr (GO)
Kipling A Trains/Peak Hr (UPX) Pickering
i Danforth | Lakeshore East
GO [ Milton (MI) Express [LSE_E)
GO Stouffville {ST) )
5 Trains/Peak Hr O Lakeshore East (LSE) 3 Trains/Peak Hr

sothurst Lni
Jnion

o g 2 Trains/Peak Hr (ST —
. North Yord ‘ z lnin:.’PeIk Ilr[l"l)‘ /ﬂunlllllllumuumuuu‘ s
Exhibition D Station e |1|n|I - 1€ Line From sy
fl
lakeshare ¥
GO ‘
West (LSW) ™
Clarkson 2 Trains/Peak Hr I Bakm Bovn s
Lakeshore West /,lll 1009000 OSSO 1 WS Mampg | om0 e
(iians s I : 1 St | | Y
Express (LSW_t) ||| " servka Volume Don Yard
# ||II = ; Carvier (Train/Peak Hr) A Al
i |l Willowbrook Yarn 1 v
2 Trains/Peak Hr ,|I"I | 6o | 25 | GEEED  ooiTan
N anmna oananans nmannnsaanamaan VIA 4 1 RUBHITTTT DpremToaln
L84 Linw, 'rcem Humikcn — UPX 4 ! O Mairienance Yard

Study time period: 8am to 9am

One station away on any rail service

Assume unlimited capacity at yards and through movements at the station
Focus on maximum number of GO train trips during peak hour
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Data
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Required Data

A Infrastructure data
I Track layout
I Signal location
I Station layout

A Operational data
I Speed limit
I Train profile and configuration
| Schedule
I Delay data
|
|

" Ridership
" Passenger flow
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Manual Data Collection

A Train Speed (GPS)

A Commonly-used Train Path Identification (Video
Recording)

A Entry Delay at prior stations and Arrival Delay at Union
Station (gotracker.ca)
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Manual Data Collection

Platform Staircase Passenger Volume Count
Passenger Flow Count at Train Door
Dwell Time
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