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Pedestrian flows in train stations
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Literature review: Pedestrian flows in railway stations

flow characterization

— empirical fundamental diagrams

route choice

— discrete choice models

flow modeling

— empirical flow-travel time relationships, queueing networks,
CAs, Petri nets

case studies

— demand estimation: field surveys, regulatory load cases

= estimation of schedule-based, station-wide pedestrian demand
— analogy to car traffic/transit networks
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Train-induced arrival and departure flows

e departure flow: outbound passengers reaching platform
— parameter vector 7y, associated with train m

— generic flow rate yaep(t|vm, Q,tj,"’d, tf,’,ep)

— sample pattern of cumulated departure flow
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Train-induced arrival and departure flows

e arrival flow: inbound passengers reaching platform exit ways

— flow capacity of access way o,

— generic flow rate ya., (t|om, Q,‘f,is, ")

— sample pattern of cumulated arrival flow
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General framework: Space, time and demand

discrete time-intervals 7 € T of uniform length
— 'micro-peaking’ (highly variable demand)

network of pedestrian facilities G = (N, £)

— nodes v € N, edges A € L
— subset of centroids C C N/
centroid type u, = (platform, non-platform)

pedestrian origin-destination (OD) pairs ¢ € Z
- (= (Vo,vd), Vo,vqd €C

demand d; , € R{ between OD pair ¢ during time interval 7
— independent single-destination trips
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Framework for traffic assignment

e pedestrian routes p € R
— sequence of edges p = (\],\5,...)
— route choice fraction d, ¢, A(d) = [d,,¢(d)]

e flow on link A during time interval 7

- Hhr= ZneT ECEZ ZpER Pr(A, 7, p, k|d) 6p,c(d) de
- f = A(d)A(d)d where A¢s 1y (,.r)(d) = Pr(X\, 7, p, s|d)

e further indirect measures of demand
— subroute flows: m = B(d)A(d)d
— area occupation: n = S(d)A(d)d
— velocities, travel times, ...
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Framework for demand estimation

e direct and indirect demand measurements

— historical demand estimate d
— flow observations fy ; on subset of links & C &
— train-induced arrival /departure flows, sales data, ...

e demand reproducing available measurements at best

d = argmin 1d = x|3 + prllf = Ar()ArO)x|3 + ...
XZ

i € RSF: relative weight of information source /
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Train-induced arrival and departure flows

e flows towards and from platform p

— M, trains during time horizon T
— linear superposition of flows

e cumulated arrival flow on platform p during time interval 7

Epr = Zya,, 2, Qar, t2T) dt

tt"’ml

— similarly for cumulated departure flow fj, .
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Variance of demand

e distribution of measurements

— day-specific observations (e.g. link flows, timetable)
— day-generic distributions (e.g. no. of boardings per train)
— information with unknown distribution (e.g. historical data)

e distribution of demand estimate 7(d)
— day-specific distribution (e.g. for validation)
— day-generic distribution (for planning/dimensioning)

e Monte Carlo integration
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Case study: Lausanne railway station
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Case study: Lausanne railway station

e trip types: inbound, outbound, transfer and local users
— conditional choice of destination type
» [(platform|non-platform) = 95%
» B(non-platform|platform) = 91.3% =+ 4.55%
e facility types: walking, waiting and service areas
— focus on walking areas

e traffic assignment model

- signposted routes: [R¢|=1V(e€ Z
— demand-independent propagation
v ~N(1.34 m/s,0.34 m/s)
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Walking areas in Lausanne railway station
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Walking areas in Lausanne railway station

.
entrance.
w
4

pedestrian walking network

centroid with historical information

centroid without historical information

link with a priori flow estimate based on timetable
link equipped with directed flow counter

area covered by pedestrian tracking system
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Train-induced arrival flow in Lausanne railway station

e afflux of passengers and train arrivals on April 9, 2013
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Train-induced arrival flow in Lausanne railway station

e afflux of passengers and train arrivals on April 9, 2013

e piecewise-constant flow rate

a te(tm+Ss,tm+s+ Qn/a)
0 otherwise

y(tla, s, Qm,tm) = {

arrival of train m at t,,

dead time:
s~ N(38.75,14.6 5)

capacity flow rate:
a~NB9s 1157

disembarkations of train m:
time Qm ~ N (itm,0.20m)

cumulated flow [#]
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Train-induced arrival flow in Lausanne railway station

e afflux of passengers and train arrivals on April 9, 2013
e piecewise-constant flow rate
e prediction for platform #5/6 (April 9, 2013, HOP data)
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Case study: Estimation methodology

‘almost full’ prior
N

zero prior
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(Iink flow observations

demand estimator
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Conclusions

e methodology for estimating pedestrian OD demand in railway
stations lent from car traffic

— use of various direct and indirect measurements

e integration of train timetable and train frequentation data
— train-induced arrival and departure flows

e variance of demand
— day-to-day variability, ‘micro-peaking’

e case study of Lausanne railway station

— simplest possible traffic assignment model
— to be estimated and validated
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