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Business Problem

Task

Belgian Infrastructure Management Company: Infrabel:

"Train Platforming Problem (TPP): platform and route as many trains as
possible”

Objectives:

no conflicts in planning in stations, check robustness

infrastructure, train lines, halting pattern, arrival & departure times

@ one busy day, morning peak hours, periodic/non-periodic

@ (check current platforming +) create new (‘optimised’) one
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Business Problem

Platforming = Mapping Trains on Infrastructure

open lines

station boundary

switch grid

platform tracks

switch grid

open lines

fictive platform
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Model
Objective function

In objective function

In objective function:

@ Minimize penalties

e of assigning to fictive a platform and
e of moving assignment from preferred (real) to non-preferred (real)
platforms,

for both initial Oy and for supplementary Osyp train sets

g(opop) = Yocom CFmi-fo+ CRi - cro (1)
o CFsup - fo + CRsyp - cro.

o€ Osyp

where
Yo e O : f, =(02p,p, = pFICT)
Yo € O : cro, = (02po,p # pORIG,)
@ uses fictive platform at a higher cost than real platform
@ conservative optimisation (CFyyy, CFsyp, CRini, CRsup) = (8,4,2,1)
@ progressive optimisation (CFni, CFsup, CRini, CRsup) = (1,1,0,0)
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Model
Objective function

Not in objective function

in objective function:

@ weighting of trains by importance (e.g.:#passengers)

@ important (e.g.:#passengers) transfer concerns, placing two trains
close together

@ robustness against delays
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Model
Variability

Definitions: Movement & Occupation

Movement Definition:

@ Train 'IN/OUT movement' specifies:
e IN/OUT line
o platform arrival time
o platform departure time

@ IN route: connects IN line to platform,
@ OUT route: connects platform to OUT line.

4

Occupation Definition:

@ platform 'occupation’ specifies (bundles):
o (list of) IN movement(s)
o (list of) OUT movement(s)
e e.g.: 1 IN movement, 2 OUT movements = train split
e e.g.: 2 IN movements, 1 OUT movement = train merge
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Model
Variability

In / Not In Variability

In Variability:

@ per occupation
e one platform choice
@ per movement

e one route choice
o (indirectly) one platform choice

Not in Variability:

@ per line-platform combination: only 1 default routing allowed for now

@ only fixed platform arrival/departure times
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Constraints

Constraints Requiring total Assignment

Per-Movement, Per-Occupation and Compatibility Constraints:

@ For each occupation, exactly one platform has to be chosen:
Vo€ 0:) opop=1 (2)
peP
@ For each movement, exactly one route has to be chosen:

Von:VmEMO:Zmro,m,,:l (3)
rer

@ all movements in 1 occupation need to come together on 1 platform
track
Yoe O:Vme M, : mrom, = OPmzoy,.r2p, (4)

@ via m2o,, function, movement-occupation membership is respected

@ via r2p, function, route-platform connectivity is respected
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Constraints

Constraints Avoiding Conflicts

Inter-Occupation Constraints:

@ no 2 extended occupations use equal platform tracks at any time

0p, 01 € 0: Vpo:m(POapl) € (Pooa’Dol) :

0p <01
[otLoLbCopy,0tHiUBCoy )N
[otLoLbCo, ,0tHiUbC,, )#b:

OPoy,py /\ OPoy,py = 0S€Poy,0;

()

V.

Inter-Movement Constraints:

@ no 2 extended movements use dependent (equal or crossing)
routings at any time

v mo=my mo, m € M: vdepro,rl(r()’ rn) € (Rmov Rm,) :
[LOLbCymy ,mtHiIUBCrmg )
[mtLoLbCpy ,mtHIUbCpyy )#:

mr007m0>r0 /\ mrolymlyrl msepmﬂvml

(6)

’
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Model

Constraints

Separation boolean definitions

Occupation Separation boolean definition:

A 0g,01 € O :

0p <01
[otLoLbCoy,0tHiUbCop )
[otLoLbC,, ,0tHiUbCoy )76

obefypy o, = (0tHiVy, + dts < otLoV,,) (7)
obefy, o, = (0tHiV,, + dts < otlLoVy)
0S€Poy.0; = (Obefyy o V ObeEfy, o).

v

Movement separation boolean definition:

mo=<mz mg, m € M
[mtLoLbCyny,mtHIUBC g )N
[mtLoLbCp, ,mtHiUbCp,y )#b:
mbefr, my = (MtHiV,, + dts < mtLoV,,,)

mbefu, m, = (mtHiV,, + dts < mtLoV,,,)
msePmy.my = (Mbefyy my V mbefi, mo),
(8)

v
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Software Implementation
User Interface

User Interface Parameters

16 LeopardGUE LEan Optimiser of Platforms And Routings including routing Dependencies o] = =
Date 16/04/2013 -

From Hour 07:10 =

Up To Hour 08:50 | Select the start hour for which you want to run Leopard.

Extract Macra Infrastructure From =} [5371 vI

Select Station [ERUGGE[ZlD] - l

Fix Station Movements [ﬁ}l - l

ifin original plan: same relation, same platform track [F] if = real orig. platform tracks  [] if = fictive orig. platform tracks
then enforce in optimised plan: same platform track too

Mirror unmatched movements by turn-around time 50 =

Avoid routing confiicts also for Mirrored movements

Fixed train length in meter (-1 for actual length) a0 [
Draw Long Text for Movements =}
Mark and name times in accupations =}
Wiarn for (Real, Real)-dependent Route low reuse times [7] CVerap
Define warning level Upper Times (min) 0,0 L0 = 2,0 = 50 [+
Warn for (Real,Fictive) Route ime overlaps [ Pl
Popup Platforming Plan for Original Optimised ] Both About
FINAL Station Connectivity that Luks Routes will be checked against and rejected against in case of no match. -

incOrDecKm,io,L_id,L_nm,LST_ide,ST_track_dirL5T_nm,LST_vMax,L5_idc,L5_side,P1P2_orient,P1 id,P1_nm,P1_sym_nm,P2 id,P2_nm,P2_sym_nm,LS_StSi

de
[inc], [out],503,[50A],1,[1] A, 140, 1022, 1,1, 210,BRUGGE,FR, 609, JABBEKE, [FGE], 2
[inc],[in], 503, [50A], 1,[1] A, 140,598, 2, 1, 1596, Y.OOSTKAMP, [YFPO],, 210, BRUGGE, FR, 1
[inc], [out], 503,[50A],2,[2],B, 140,1022, 1, 1,210, BRUGGE FR, 509, JABBEKE, [FGB], 2

[2],B, 1

3741 A

finc], [in], 503, [50A], 2,[2] B, 140,598, 2, 1, 1596,Y.00STKAMP, [YFPO], 210,BRUGGE, FR, 1
Nim~1 [im] &3 TENA IS 41

an 81 3 1 1540 BB IEEES IDEDET 940 RO ICEE ED 4
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Software Implementation
Solver running times

Solver running times

Table: Solver running times on a Xeon CPU E31240 Quad Core 3.3 GHz,
comparing CPLEX v12.5.0.0 32 bit, XPRESS BCL v4.6.1 64 bit and Gurobi

v5.6.3 64 bit
# Stations
Solver # Stations Optimally Solved in Suboptimally
Solved in
<l1ls <10s <20s <30s <50s < 130s > 7200s
CPLEX 526 8 0 0 1 1 0
XPRESS 528 5 1 1 0 0 1

Gurobi 533 3 0 0 0 0 0
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Results

Antwerp-Central Original

Original Assignment

S A ONE CON LICTING ONE CONFLICTING « " ONE CONFLICTING
o OCCUPATI occupATlou‘,..z;q w. e HOCCUPATION 2" =
PAIR/.

Sttt g,

Figure: Antwerp-Central original Assignment: 3 levels, some conflicts
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Antwerp-Central Optimised, Non-Periodic

Optimised Assignment, Non-Periodic

Figure: Antwerp-Central Opt. assignment, non-periodic: no conflicts, some
unplaced trains
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Antwerp-Central Optimised, Periodic

Optimised Assignment, Periodic

Figure: Antwerp-Central Opt. assignment, periodic: no conflicts, some
unplaced trains
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Antwerp-Central Both, Non-Periodic

h Assignments, Non-Periodic

- o e - =l - ol

Sttt o,
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Figure: Antwerp-Central: comparing original and optimised assignments
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Antwerp-Central Both, Non-Periodic

Antwerp Station
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Figure: Antwerp Station
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Results
Ghent Sint-Pieters Original

Original Assignment

Figure: Ghent Sint-Pieters original Assignment: some conflicts
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Ghent Sint-Pieters Optimised, Non-Periodic

Optimised Assignment, Non-Periodic

Figure: Ghent Sint-Pieters Opt. assignment, non-periodic: no conflicts, some
unplaced trains
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Results
Ghent Sint-Pieters Both, Non-Periodic

Both Assignments, Non-Periodic

Figure: Ghent Sint-Pieters: comparing original and optimised assignments
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Results
Ghent Sint-Pieters Both, Non-Periodic

Ghent Station

Figure: Ghent Station
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Results

Comparative Overview

Comparing Original and Optimised Assignment KPls
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Results

Comparative Overview

TPP Research and Integration

publication compani;tegratie::tool(s)
[Zwaneveld et al.(1096)Zwaneveld, Kroon, Romeijn, Salomon, Dauzere-Perés, Van Hoesel, and Ambergen] ProRail STATIONS
[Zwaneveld(1997)] NL
[De Luca Cardillo(1998)]
[Delorme and Rodriguez(2001)] SNCF REFCAFE
[Billionnet(2003)]
[Carey and Carville(2003)] British
Rail, UK
[Caprara et al.(2011)Caprara, Galli, and Toth] RFI, IT
usby et al.(2011)Lusby, Larsen, Ryan, an rgott
Lusb 1.(2011)Lusby, L: R: d Eh:
A Infrabel Ocapi
[Sels et al.(2014)Sels, Dewilde, Cattrysse, and Vansteenwegen] BE Leopard

Table: Comparing TPP Research & Integration
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Conclusions & Future Work

@ Conclusions

Leopard usable as check of current platform assignment

@ indicates all conflicts
@ indicates all robustness issues
Leopard usable as generator of correct platform assignment
@ guarantees no conflicts
@ can have robustness issues, indicates them

fast as a Leopard

e Further Work

roll-out with Infrabel planners

avoid robustness issues

weight trains per # passengers

allow some variability of platform times

allow multiple routes per line-platform combination
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Questions

@ Questions?
@ sels.peter@gmail.com
e www.LogicallyYours.com/Research/

e www.LogicallyYours.com/Company/
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