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Scope

Frameworks for modelling and simulations
LiU model

The Cain — LiU demonstrator

CAIN/LiU life demonstration
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Modelling railway capacity

CiAR
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Capacity demand

Economic growth

Urbanization Trip generation

Socio-economic  Trip distribution
forecasting Modal split

Economic cycle
No. of cargo trains

Operating RUs Need for train slots
No. of passenger trains
Ad-hoc changes
Train cancellation

Operational changes

On-time performance

Driving

STRATEGIC
LEVEL
PLANNING

TACTICAL
LEVEL
PLANNING

OPERATIONAL
LEVEL
PLANNING

Capacity for Rail —

Capacity supply

Railway network
Junctions

Stations

Signalling systems

Planned Maintenance work

Train slots
Rolling stock

Major traffic disturbances
Crew scheduling

Immediate maintenance work

Disruptions

Real time operations




Second half tasks 3.2.4, 3.2.5 and 3.2.6 (: 11 I‘

- Capacity for Rail -

First half

e state-of-art, models and processes, research
Gap, scenarios, set up a framework

Second half Tasks 3.2.4, 3.2.5 and 3.2.6

e Enhancing frameworks for modelling and
simulation

e LiU model optimisation

e Oltis IT system

e Demonstrator CAIN

e Scenario Malmo — Hallsberg

e Remaining work: Further study CAIN — LiU

interaction and scenario Malmo - Hallsberg
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WP 3.2 Simulations and models (: (1 Iz

Capacity for Rail —

* Purpose:

Improve methods in tactical (timetable) planning
and operational traffic => better capacity and
improved punctuality/robustness

* Main partners
*Infrastructure manager Trafikverket
 System supplier Oltis — Traffic management
systems
* Research institute Linkdping U - optimisation

E SEVENTH FRAMEWORK I
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- Capacity for Rail —

Increased automation of tactical planning and
operational process

* Ongoing trend tactical timetable planning process
and operational traffic process is merging

* The limit between planning and operational traffic
is 24 hours (8 hours)

* A third process is to carry out maintenance and
monotoring (status of infrastructure and vehicles)
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Frameworks for
modelling and
simulations

Capacity for Rail




Modelling framework

C4R

Capacity for Rail

Strategic level

Multi-criteria
decision making

Tactical level *

¢ > Cost-benefit ¢

analysis

>

Optimisation, stability,
robustness, resilience

Performan ce analysis

v

T

Maaroscopic simulation

3 Railway operations/

Simulations

¥

Microscopic smulation -
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Operational level

Monitoring

;

Short-term prediction

—

Driver advisory system

Optimisation
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LiU model at a glance (: L I‘

Capacity for Rail -

r

e Stochastic railway traffic model

* Data-driven model of traffic based on Bayesian
networks (BN)

* Data driven model of traffic control actions based
on Naive Bayes classifier (NBC)

* Online use — uses real time information for
dynamics of uncertainty and predicts traffic over
long horizons

e Offline use — timetable simulation resulting in
analysis of stability, robustness and resilience
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Input to the model: Statistical information

C4R

Capacity for Rail —

p
=~ O |
O |
o ¥ |
) :
. O : :
o N | .
- :
o
- © i
- .
O o . !
s g |
© 1
© Q |
oY |
I I
Dwell time Running time
— 12

:n SEVENTH FRAMEWORK
PROGRAMME




Improved traffic control prediction of uncertainties
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Station C

CiR

Capacity for Rail

Station B

Station A

EET

K

Realised departure time EET

Time

>

EET

EET

EET

Realised arrival tim

Realised departure time EET

Time
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The CAIN - LiU:

Demonstrator

C4R

Capacity for Rail




Scheme of Oltis KADR and systems

C4R

Capacity for Rail  —

-
* Request for path and capacity ‘ RU‘s system \
e Support of communication in TSI Rai nfrastr. Description
early TT construction
TAF/TAP (Ver. 5.3) Proper time
Path Request » KANGO
— Path Request .
System for Timetable
— Path Deta”S Ad-hoc Construction
— Path Cancelled ADE REVOZ
— Receipt Confirmation Kapacita OF The rolling stock
— FError MIMOZA
- Update Llnk Exceptional Transports
. . . TIMETABLE ( ts and deter-
— Path Section Notification mination of the route)
« Common Interface communication KAFR
. .. . ———— ETD CDS .
* Timetable optimization atabase of companies
Electronic Central pe.ratlng as RUs, IMs,
° Cha nges in timetables Timetable Dispatching vehicle keepers, etc.
Data System  System
DOMIN
° Infrastructure Restriction
o t 1 s Notification Database
~— 15
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CAIN — CApacity of the INfrastructure

CiAR

CAIN — Demonstrator

* |T tool developed by OLTIS Group
e Based on KADR (CZ & SK infra-managers)
* Real time software for:
* input of ad-hoc train paths into the real
timetable
e optimisation of the timetable
* simulation of different scenarios
* CAIN interacts with the model from
Linkdping University

@in o
&7 TRAFIKVERKET oltis group
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CAIN — CApacity of the INfrastructure (:{l, I‘

Capacity for Rail

CAIN — part | L W T (R G = i
, [ AL A L
* Import static data of Sweden: e P S A\ /é

* Railway infrastructure

* Timetable

* Vehicles
Corridor Malmo — Hallsberg
Data in RailSys/railML format
Process the data
Create a virtual network
Display the railway network
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The LiU model — Interaction with CAIN
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A request for an new train path
sends to CAIN. (blue)

CAIN creates an allocated train
path.

An application (Bridge) fetches the
allocated train path from CAIN via
an Web-service. (green)

The bridge inserts the allocated
train path into an adjusted
timetable.

The LiU-model evaluates the
adjusted timetable.

The Bridge sends the evaluation
back to CAIN via the web-service

]

Allocated train path
\ 4

Allocated train path
\ 4

RU

a

Request Allocated train path
\ 4

CAIN

CaR

Capacity for Rail

]

a

<
«

Evaluation (delay)

Web-service

a

Evaluation (delay)

Timetable
(RailMmL)

]

Bridge

Adjusted

Station list

a

B

Training timetable

(LUPP)

LiU-model

P
<

timetable d Evaluation (delay)

<

Timetable
(LUPP)

<
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CAIN / LiU model:
Life demonstration
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escription of CAIN oltis group (:4“

- Capacity for Rail  —

List of path requests: ready /

[©) CAIN Desktop
Application  Marks  Show  Options  Help
Requests |
RU Key number Grouping Site Froc ME;‘;:; SN e, Al Prod. P Path desorption
T /
& sl 060412-117-15/16b & T A w8206 N3 11/25/2016 Vikingstad - Gripenberg 1 & [e
N 060407-117-15/16b_2 (] A w/BR06 982016 11 2 N3 117182018 Vikingstad - Nassjo C 1 ENE]
[5) 5l 060409-117-15/165_2 = A 982006 982006 11 2 N3 117142016 Gripenberg - Vikingstad 1 Qs
sl 060371-117-15/165_2 ] A 40192006 /22016 11 2 N3 11/14/2018 Mjdlby - Boxholm 1 L]
() sl 060406-117-15/165_2 = A 982016 9/82016 11 2 N3 1171172016 Vikingstad - Gripenberg 1 EE]
s 060408-117-15/165_2 =} A 9/B2NE 992016 11 2 N3 11/92016 Gripenberg - Nassié C 1 ENE]
[5) s 060411-117-15/165_2 A 982016 94122016 11 2 NI 11/9/2018 Vikingstad - Gripenberg L]
[} s 060403-117-15/165_2 =) A 97206 9422016 11 2 N3 11/8/2016 Vikingstad - Grpenberg 1 EHE]
] sl 060405-117-15/165_2 ] A 9/8/2006  9/B/2016 11 2 N3 11/8/2018 Vikingstad - Gripenberg 1 ENE:]
[} sl 060413-117-15/16b_2 [l A B206 9/B/2016 11 2 N3 11/7/2016 Vikingstad - Gripenberg 1 [@ [
[o} GC  0B0374217-15/16b_2 =) A 4192016 982016 11 2 N3 114172016 Sandhem - Nssd C £ ENE]
L) 060417-117-15/160 A 9132m8 N3 117172018 Nassjd C - Sandhem wn B3
) 51 060397-117-15/166 o A 914206 TB  11/1/2016 Tranas - Flisby a & [68 *
N 060414-117-15/16b_2 (] A w/BR0SE 971272016 11 2 N3 10/31/2018 Vikingstad - Gripenberg 1 ENE]
[} s 060410-117-15/165_2 [l A 982006 982016 11 2 N3 107192016 Téle - Hallsberg pbg 1 EHE]
sl 060369-117-15/160 ] A 4182018 N2 10/18/2018 Vikingstad - Nassj C T g BEa
[} GC (4151821715162 A 12132015 30 2 Rl 10/14/2016 Ostervam - Amhut
[5} s 060402-117-15/165_2 =} A 98206 982016 11 2 N3 1071172016 Traas - Boxholm 1 ENE]
[} £ 060398-117-15/160_2 [l A 922006 9122006 12 2 N3 10/1/2018 Talle - Hallsberg pbg 31 ENE]
[5) s 060399-117-15/165_2 [ A 92206 992016 12 2 N3 10/1/2016 Knstianstad - Hssleholm Ell CHE]
& su 060426-117-15/165 o A 971672016 N3 9/21/2016 Aimbuit - Vetlanda 12 4[58 *
A, L ncnsn 7 accy =1 T A omsmnac v or7mnar Dokole b c 1 D[R £y
Number of displayed tems: 1855 (23178)
Requests filter
Searching
(® Key number O TRidentfication () PRID O PAID || seach |
Fiter
[ Capacity to be reviewed Oru Green Cargo AB - 742174 v
[] Capacily o be reviewed was refused Selected period From daie Todate
[ Partially reviewed [] Path point Sweden v
[ Capacily allocated [] Frocessed by
[ Capacity cancelled [ Customer
[ Capacity withdrawn [ Processing Not processed v
[ Retumed [ Traffic type EC (0Dn) - EuroCity ~
Basic paths (@)
Ad hoc paths - 3 working days and more (b)
m‘ » Requests fiter |

User Cain4 (IM TRAFIKVERKET (Read and write)) | 66,116 kB (5,188) | 00:00:13 | Distant processing)
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Description of CAIN oltis grou P (:4 I‘

- Capacity for Rail  —

Construction detail and possible conflicts:

) @E @) BEE

. 12:30 Al . . . . oM . . . . .
T
} ;
% | yd
105km : yd
958 km/h H /
o | /
& Dio Sodra :
= | L
05km | =
57.6 kmh | =
I
& Dio Norra L -
10% ! e
10.9km yd
81.5 km/h /
e S
s Eneryda “
10%:
11.5km
98.9 km/h
10%.
& Vislanda
105 N -
66km "%, &
98.4 km/h G &
o \,
= Bladinge + -
P \
n;\
7.1km r-"" List of conflicts ] X \
1704 km/h ,» .
= Corfiict display mode by path edting Found conflicts ' ™
mAlvesta -
T (®) Not show Ord Place Time Description
2. O Display but not recalcuiate 1 Amhuit 1204 AM Path 40039 has departure station track 1 (1018 m) with path 4415
m
. () Dy sy vl s chocs s compuse 2 | Amhut - Dib Sédra | 12.04 AM | Path 40039 intersects with paih 44600 on line track N
& Gavetorp — demanding, net sutable for long paths) 3 Di5 Sodra 12:11 AM | Path 40033 has identical amival station track 1 (122 m} with path 44600
o ) 4 Di§ Sédra 12:11 AM | Path 40039 has identical departure station track 1 (122 m) with path 44600
69km Type of confiicts
185.6 kmih 5 Did Sédia 12:11 AM | Requested train length is longer than station track no. 1 (122 m)
. Paths runs through possession onthe track |~ .
2% 6 Di5 Sédra 12:11 AM | Requested train lsngth is longer than station track no. 1(122m)
= Moheda Paths intersects with other on the track }
SeREsE 7 | Did Sadra - Dio Noma | 12:11 AM | Path 40033 intersects with path 44600 on line track N :
ES Path has identical station track with ather path
=7 2 Di6 Norra 12:11 AM | Path 40038 has identical amival station track 2 (60 m) with path 44600
186.2 kmh Pathis out of requested time frame - -
9 Dié Noma 12:11 AM | Path 40039 has identical departure station track 2 (60 m) with path 44600
12 Path has shorter stop than requested
Lid 10 Di6 Nora 12:11 AM | Requested train length is longer than station track no. 2 (50 m)
BT e Protective zone is disnupted by other path
11 Di6 Nora 12:11 AM | Requested train length is longer than station track no. 2 (60 m)
Path {0} touches protective zone of other path °
8.2 km 12 | Did Moma - Eneryda | 12:11 AM | Path 40039 intersects with path 44600 an line track U
1098 kmih Insufficient station track length .
13 Eneryda 12:19 AM | Path 40038 has identical amival station track 3 (742 m) with path 2 %
Higher speed than requested
& Grevaryd o 14 Eneryda 12:34 AM | Path 40033 has identical departure station track 3 (742 m) with path 2 © \‘
o Fath number change out of disposal station
< > &/
o, 1 Mumberof dipiayed tems: 50 o/ *
0% [ select all oK T
& Lammbult s ~
B | T 4
o 7 N ./
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Description of CAIN oltis group

C4R

Capacity for Rail  —

7
L L L]
Calculation of traffic impact:
Capacity reviewing
Found exceptions
lgnore  Exception description
I:‘ “All exception of type ""'In some traffic point there ig stop shorter than requested™™”
Calendar
Mc Tu We Th Fr Sal Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su/Me Tu
September 16 3 14115 |16 [REMNEY 19 : 26|27 (28
October '16 1213 |14 [ 17 24|25 (26
MNovember 16 29 (30
December 16 27|28
Instant capacity path O
Approval number of neighbouring 1M | |
Reguest remark |request remari, request remark |
Remarkc of IM |remark, remark |
Request reason Request from RLI
Recommendation 12 - draft of path is possible with time shift O Close path offer
Result of capacity review | 12 - draft of path iz possible with time shift w | (@) Close path offer and immediate review
Forwarded on [9/16/2016 3:3403FPM |
Forwarded by |cain3 | [=]
| Putaside || Delete | [ ok ]| cancel
Calculation of traffic impact
Average delay on network ljl

SEVENTH FRAMEWORK
PROGRAMME




Description of CAIN oltis group

C4R

Capacity for Rail

7
L L]
The result of the traffic impact (the value = 3):
Capacity reviewing
Found exceptions
lgnore  Exception description Place
=ACE| 51 ere is stop shorter =quested
Calendar
Mo Tu We Th Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu
September "16 24 75 pus
October "16 3
MNovember 16
December 16
Instant capacity path O
Approval number of neighbouring 1M | |
Request remark |reque5t remark, request remark |
Remark of IM |remark. remark |
Request reason Request from RLU
Recommendation 11 - draft of path is possible O Close path offer
Result of capacity review | 12 - draft of path is possible with time shift i | @ Close path offer and immediate review
Forwarded on [9/16/2016 3:34:03PM |
Forwarded by |cain3 | [a]
| Putasde || Delete | oK || Cancsl
Calculation of traffic impact |
Average delay on network lq 3
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Description of CAIN oltis group
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Allocation the train number:

C4R

Capacity reviewing

Found exceptions

Ignore  Exception description
=] 51 are is stop shorter aquested
Calendar

September "16

Mo Tu We Th Fr Sa ¢

Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu

We Th Fr

October "16

Movember 16

15

December 16

BE

Sa Su Mo Tu We Th Fr Sa Su Mo Tu

(3
Inguiry

Instar
Apprg o Do you really want to close the path offer and review the capacity?
Requ

7

Ano | | Ne
Requ
Recommendation 11 - draft of path is possible O Close path offer
Result of capacity review | 12 - draft of path is possible with time shift o | @ Close path offer and immediate review
Forwarded on [9/16/2016 3:34:03PM |
Forwarded by |cain 3 | [a]
| Pitasde || Delete | oK || Cancel

Calculation of traffic impact

Average delay on network

Capacity for Rail
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C4R

Capacity for Rail  —
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