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5 PRACTICAL RESULTS

Large-Scale, 
Passenger Oriented, 
Cyclic TimeTabling & 
Station Platforming and Routing
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IS A FEASIBILITY PROBLEM 
Sudoku

CONSTRAINTS 
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IS AN OPTIMISATION PROBLEM 
Scrabble

CONSTRAINTS + OBJECTIVE (FUNCTION) 
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TRAIN NETWORK MODEL 
Timetabling

EACH ARROW NEEDS: A NUMBER OF PASSENGERS & A DURATION 
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transferdwellridesource sink
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TRAIN NETWORK MODEL 
Timetabling

ARROW WIDTH: NUMBER OF PASSENGERS: BY ROUTING 

6

transferdwellridesource sink

(a)

(a)(b)

(b)

space increase

time increase



TRAIN NETWORK MODEL 
Timetabling

ARROW LENGTH: DURATION: BY TIMETABLING 
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transferdwellridesource sink

(a)

(a)(b)

(b)

space increase

time increase



TRAIN NETWORK MODEL: OLD TIMETABLE 
Timetabling

EACH ARROW HAD: A NUMBER OF PASSENGERS & AN OLD DURATION 
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Timetabling: Reflowing Phase: Belgium

BY MIMICKING HOW PASSENGERS CHOOSE ROUTES
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name = Router_0_0, netwerk code = BE, scale = 10 pixels/km., nVertices = 11280, nEdges = 31342

corresponds to: (day flow = 2000 passengers, area = 636.62pixels^2, radius = 14.2353 pixels)

corresponds to: (day flow = 5000 passengers, area = 1591.55pixels^2, radius = 22.5079 pixels)

corresponds to: (day flow = 10000 passengers, area = 3183.1pixels^2, radius = 31.831 pixels)



Timetabling: Reflowing Phase: Denmark

BY MIMICKING HOW PASSENGERS CHOOSE ROUTES
10
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Lersøen

Grenaa

Skjern

Herning

Østerport

Svendborg

Kalundborg

Korsør

Taulov

Odense

Esbjerg

Tinglev

Roskilde

Lunderskov

Langå

Gedser

Næstved

Padborg

Helsingør

Holstebro

Nykøbing F

Sønderborg

Fredericia

København H

Skanderborg

Frederikshavn

Vejle

Tønder

Kastrup

Snoghøj

Aalborg

Ringsted

Aarhus H

Struer

Nyborg

Bramming

Rødby Færge

Thisted

The numbers shown on the map refer to the line numbers.

Validity period:
2015
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Banedanmark, Banedata GIS
© Banedanmark d. 11.09.2014



VISUALLY IDENTIFYING CONSTRAINTS 
Timetabling: Retiming Phase: Constraints

FOR EACH ARROW 
AT END OF ARROW TO BEGIN OF NEXT ARROW 
IN CYCLES: (SMALL) BLACK AND (DEPENDENT) WHITE
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transferdwellride knock-on

(and headway)cycle lin. comb. of cycles

space increase
time increase

train 1

train 2



dwell

ride

turn around

symmetry

transfer

primary edges secondary edges

knock on

b + m + s = e b + m + s +  (d * T) = e

b(egin), m(inimum), s(upplement), e(nd), d(integer), T(period)
constants: m, T

variables: b, s, e, d

symmetry

e = T - b or 
e = T/2 - b or 

...

cycles

sum_e_in_cycle  : 
sign_e_in_cycle * 

(m_e + s_e +  (d_e * T)) = 0

MATHEMATICALLY FORMULATING CONSTRAINTS 
Timetabling: Retiming Phase: Constraints

BEGIN + DURATION = END 
EACH END = NEW BEGIN 
BY KIRCHHOFF VOLTAGE LAWS IN BASIC (BLACK)  AND EXTRA (WHITE) CYCLES 
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0
si,j

T/15 T
=si,j,0

= si,j,1

=si,j,2

koi,j,1

koi,j,0

koi,j,2

DURATION = MIN + SUPPLEMENT. SUPPLEMENTS: HOW DETERMINED? 

Timetabling: Retiming Phase: Objective

BY LOCAL COST FUNCTIONS: REPRESENTING LOCAL PLANNED TIME 
TOTAL OBJECTIVE = SUM OF LOCAL OBJECTIVE => SUPPLEMENTS COMPETE 

13

     DEPARTING             THROUGH         TRANSFER            ARRIVING 

KNOCK-ON DELAY 



TRAIN NETWORK MODEL: OLD TIMETABLE 
Timetabling

EACH ARROW HAD: A NUMBER OF PASSENGERS & AN OLD DURATION 
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TRAIN NETWORK MODEL: NEW TIMETABLE 
Timetabling: Retiming Phase

EACH ARROW HAS: A NUMBER OF PASSENGERS & A NEW DURATION 
NOTE COMPRESSION, BUT NOT TOTALLY => EFFICIENT YET ROBUST
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RESULTS FOR PASSENGERS: BELGIUM 
Timetabling

SMALL PLANNED TRAIN SUPPLEMENT REDUCTION 
3.8% LESS PASSENGER TIME IN PRACTICE 16
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RESULTS FOR PASSENGERS: DENMARK 
Timetabling

SMALL PLANNED TRAIN SUPPLEMENT INCREASE 
2.9% LESS PASSENGER TIME IN PRACTICE 17

orig.m original orig.s Exp_FullPssngr_Curved_Time opt.m optimal opt.s
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RESULTS FOR TRAINS: PUNCTUALITY 
Timetabling

ALSO BETTER TRAIN PUNCTUALITY 18



RESULTS FOR TRAINS: PUNCTUALITY 
Timetabling

ALSO BETTER TRAIN PUNCTUALITY 19



RESULTS FOR TRAINS: PUNCTUALITY 
Timetabling

ALSO BETTER TRAIN PUNCTUALITY 20



SCALABILITY? 
Timetabling

21

#hourly trains
in cyclic
timetable

# hours of 
timetable
calculation
time

88 196

DK

BE

NL

506

1h

2h

5h

{}



NL > 11H => SUPER-LINEAR 
Timetabling
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#hourly trains
in cyclic
timetable

# hours of 
timetable
calculation
time

88 196
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BE

NL

506

1h

2h

5h

{}



STATION PLATFORM & ROUTES MODEL 
Platforming
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switch grid switch gridplatform tracks

station boundary

open lines open lines

fictive platform



TOOL: LEOPARD 
Platforming: 
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Platforming:Antwerp Central: Manual Assignment 
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DETECTED SOME PLATFORM CONFLICTS AND SOME 
ROUTING CONFLICTS



Platforming:Antwerp Central: Auto Assignment 
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RESOLVED PLATFORM CONFLICTS AND ROUTING 
CONFLICTS, BUT 3 UNPLATFORMED TRAINS



Platforming: Batch Processing
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CONFLICT & ROBUSTNESS OVERVIEW FOR ALL STATIONS 



Research Results: Timetabling 

28

- formulated expected passenger time in practice 
as (objective) function of decision supplements 

- removes need for artificial upper bounds on 
supplements 

- avoids infeasibility due to these upper bounds 
- formulated cycle set that reduces computation 

time 



Research Results: Platforming 
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- formulated fixed arrival & departure time 
TPP as Infrabel sees it 

- added filter to avoid unnecessary 
constraint generation 

- visual feedback of checks and 
optimisations 



Practical Results: TimeTabling & Platforming
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- expected passenger time in practice as objective 
function works up to large-scale 

- automatically generated Belgian & Danish 
timetable, reducing passenger time by 3.8%, 
2.9%, in 2h, 1h 

- reduced missed chance of transfer from >10% to 
<3% 

- automatically checked & corrected platform plans 
- takes 10 min calculation time for all Belgian station 
- integrated tools for both at Infrabel



Destiny?

31



Destiny?
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embrace  
optimisation



Destiny?
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Destiny?
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Wait, wait, Annabel! 
First we need a  

timetable!

… and then the train drove 
out of the station …



Destiny?
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Stay hungry! 
Stay foolish!


