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The documentontainsDeliverable 3.16Stateof-the-art and specification of innovations,
demonstrations and simulatioasz A Yy C w )Reéa| time retivarknana@gement and simulation
of increasing speed for freight trainé @ wall detiver a demonsator showcasing the effects of 1)
improved traffic management through bettertéraction between line and yard, and Pcreased
freight speed and its effects averall increased capacity, punctuality and reduced travel time for
both passenger and freight trains.

Section 1 introduces the work package and its objectives. In Seét;tibea WP3 scope is described
andthe relation with IP5 ARCC project and Wiélligent videogatas given, in particular
concerning the data correlations between these. Furthermore AREC project will be finished
during theautumnof 2018 and gives valuable input about yard management and ydie
interactionto WP3 In WR4, an ntelligent video gatevill be developed to gathenformation about
trains, wagons and loading unifmssing through the gate

Section 3 givespecifications othe innovations in real time networknanagementwhich are part of
WP3. The main innotians arein 1) tactical da& driven timetable planning, 2)perative traffic

control adjustment for a single trajand 3 tactical planninganalysiand modelf yard and
networkinteraction. In Section 4he objectives, analysis of input data andute work regarding
Multimodal DataExchange Platform is describéad Section5, the demonstrationswvhich are part of
WP3are described. The demonstrator will be applied to the line between Malmd and Hallsberg and
is based on data frorRailSysThe othercontents of the chapter are architecture; functionality and
first mockup; interfaces and data format.

Section6 is about faster freight trains. The categories are fast freight rait IBD km/h, very fast
freight rail 161¢ 200 km/h and Higtspeed freight rail > 200 km/h. For each categepncepts, in
operations and discontinuetlain setshave been descrilzk Section? contains aranalysis of railway
lines in Germany for evaluation of faster freight traffic. Themiines to further study ar&arlsruhe
¢ Basel and HamburgHannover Finally, conclusions are given in Section 8, together with
references in &ction 9.
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1.1 Objectives

Network Management will develop methods for improved interaction between network
management and yard management and evaluate effect on line capacity. The work package will
deliver a demonstrator showcasing the effects of

1. Improved traffic management through better interaction between line and yard

2. Increasedreight speed and its effects on overall increased capacity, punctuality and reduced
travel time for both passenger and freight trains.

To evaluate and validate the effects, two important lines on the Scandindeégliterranean
Corridor in the TENT netwk (Malm@Hallsberg and Hambuwigannover) in Sweden and Germany
will be used as case studies.

The project is in line with the targets of MAAP TD 5.2 and within the scope of digitalization of future
freight traffic. The project will be in parallel to current shift2Rail IP5 TD2 project started in 2016 ARCC
project. Synergies between TD 5.2, IP2 (3p&nd IP4 (TD4.1) will be used. In this sense, Work Area
4.2, relation with Integrated Mobility Management (I12M), in Cr@agiting Activities, will specify and
implement the substructures needed for automated message exchanges between Freight operations
and Traffic management systems via the Integration Layer, in order to achieve Shift2Rail objectives.

The activity is expected to provide a simulation of ###ake network management basezh the
developed dateexchange platform in a test environment. (T53L

The activity will develop a prototype consisting of a graphical user interface to simulation and
analytical models, operating on data from the platform. The prototype will be used to demonstrate
the analysis of freight capacity in yards/terminals @amthe lines, for the two important lines on the
ScandinaviaitMediterranean Corridor in the TENnetwork stated above.

Thefollowing are themainoverallobjectivesof WP3:

w Scanning of innovations and actions to increase overall speed of freigtg trpiimproved
train performance with economic evaluation, processes and automaliimestigations
related toboth improvements in planning and operational processes and in the effects of
improved railway technology from a system perspective.

w Simulation & faster freight trains for important and mixed traffic bottleneck railway lines in
Sweden and Germany with the aim to harmonize speed and increase capacity and
punctuality.

w Definition of a Daté€Exchange Platform to improve the management and processdight
trains including data exchange, traffic information and traffic simulations between
infrastructure managers and freight transport stakeholders

w To develop improved methods in connecting yards/terminals and network. The main goal

will be to create digh level model about freight capacity in yards/terminatsetwork.
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ThusWP3 will develop methods for improved interaction between network management and yard
management including:

T

Development of a data exchange platform for intermodal hubs for connecting rail freight
stakeholders, facilitating operation of mixed traffgassengers and freight)

Specification of integration layers for reiithe yard management and retime network
management applications. Evaluation of the effect that a technological upgrade of one hub,
will affect other hubs and nodes the network

Simulation of operational scenarios on freight corridors to increase the average speed
improving traindynamics with the aim to optimize tira@bling systems.

Moreover, FR8HUB will contribute to increasing punctuality by at least 10 % through:

T

The network management system, enabling improved tactic and operational planning and
through this a better allod#on of allowance time. (WP3)

By simulation, prove the positive punctuality effects from increased average and absolute
speed for freight trains by better train dynamics, leading to larger absolute allowances, and
improved network and yard operational plaing (WP3)

To summariz&VP3 will answer to the work streaaf FR8HUBY research in following areas:

1. A method of improved management and process for freight trains in interaction including

data exchange, traffic information and traffic simulations.

Design and development of a prototype data sharing service, where data from the
performed simulations will be made available. Design and specification of input data format,
following TAH AP TSI, from reime yard management and retime network managerant
applications.

Innovations in increase of overall speed of freight trains by improved infrastructure and train
performance with economic evaluation, processes and automation. Both improvements in
planning and operational processes and in the effecismpioved railway technology from a
system perspective will be investigated.

Figurel.lillustrates the tasks covered in the WP3. The first three tasks are a phis séport,
Deliverable 3L.
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TDs TASKS TRL 2016 2017 2018 2019 2020 Input from other TD
Tasks |Name Deliverable 01]Q2]|03|04[01[02]|03]|04|01[02]|Q3]|04|01[02]Q3]|04|01|Q2]Q3]04

Scanning of innovations and best o
LIN} OG A OS amMm ¢ ad¢ & IP5 ARCC and WP4

3.1 lead) D3.1 2| Intelligent videogate

To define scenarios for simulations and

net work manageme
3.2 CFW (Trv lead) 2|
Design of demonstrator functionality
and high-level methods for network

3.3 management M7-M12 TRV (Trv lead)
High level System architecture and L3
videogate infor mg IP5 ARCC and WP4
3.4 Trv, CFW (Indra lead) 2| Intelligent videogate
Traffic simulation of defined scenarios ]
3.5 M13 i M36 Trv, CF 3
Demonstrate new methods for FR8Hub Q
net wor kmanagement IP5 ARCC and WP4
3.6 Indra, CFW, Trv (Trv lead) D3.1 3 Intelligent videogate
Evaluation of the defined scenarios
3.7 M27 i@ M36 Trv, C|D33 4]
©  milestone D3.1 i State-of-art and specification of innovatio
Qo Deliverable D3.2 i Demonstration of FR8HUB Network management
planned activities D3.3 1T Results of traffic simulation of defined sce
Milestones
MS WP3. 1 T Specification of innovations and demonstrator
MS WP3. 2 i Overall high-level architecture of Data-Exchange Platform an

Figurel.1. Structureof the tasks covered in WP3.

Task 3.1: Scanning of innovations and best practice in interaction between Network management
and yard management
(Leader: TRV, contributors, DLR, INDRA, Start: M1, End M12)

w 9 Y & dzNd@-arttandaést-pia&ice in interaction between Network management and yard
management. In this sensewill be specified benefit and need for reahe yard management and
reaktime network management applications.

w {LISOATe (GUKS Ayy20liGA2ya Ay 2
w Ly O2NNBflIGAZ2Y gA0GK 2tnx Said
wagons and LUs) from the Intedigt Video Gate.

w Ly O2NNBflFGA2Y gAGK !'w// LINRP2SOGX RSAONARGS bSi
FR8HUB WP3.

o YR K2g GKSe@
daahdodtfound tkaids, ¥ 2 N | {

S
Sx

t
I

Outputs of ARCC project, relation with Time Table Planning (TD5.2.1) artihieedhrd
Management (TD5.2.2yill be used as inputior the definition of the interfaces of the Data
Exchange Platform in Task 3.

Task 3.2: To define scenarios for simulations and demonstrations
(Leader: TRV, contributors: DLR, Start: M7, End M12)

There are two areas for simulation and demonstratiofrRBHUB; higher speed freight trains (raising
speed, train performance, improved infrastructure) and automation and improved processes
between network and yards and terminals. The work content in this task will be to:

w !'ylFfteasS I OiA 2 yaddabséluterspeiNGs freiis trains? \&d-agiSns are relevant

and what is the impact? To select most promising actions to be further studied. For selected actions
describe how they can be evaluated and simulated.
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Timetables will be validated using a commercial micro simulation tde&itsysThis tool is used for
timetable analysis today at Trafikverket.

Task 3.3: Design of demonstrator functionality and hitgvel methods for network management
(Leader: TRV, &it M7, End M12)

The task will define demonstrator functionality and methods for interaction between network
management and yard management.

The remaining tasks, T3347, will be carried out in the coming deliverables and are briefly described
below:

Task 3.4: High level System architecture and video gate information

(Leader: INDRA, contributors: TRV, DLR, Start M7, End M18)

This task focuses on the definition of the high level architecture of the-Bathange Platform and

information fromvideogatedA Yy G SNXYAYIlI fa®d w 5STAYS (GKS ISYSNIt
DataExchange Platform for data exchange between freight transports stakeholders, in order to

ensure the full integration of freight transport stakeholders in global railway operations5 STA Yy S ! a S
Cases and Operational tests to validate the defined architecture in relevant environment (Task 3.5).

Task 3.5: Traffic simulation of defined scenarios
(Leader: DLR, contributors: TRV, Start M13, End M36)
Simulations will be made accordingtte defined methods.

Task 3.6: Develop demonstrator for FRBHUB network management concept

(Leader: TRV, contributors: INDRA, DLR, Start M13, End M24)

A network management simulation prototype will be developed, based on the design developed in
previous tasksThe prototypewill be used to demonstrate the network management concept of
FR8HUB, based on the hilglvel system architecture from Task 3.4 dhd high level methods of
freight capacity and interaction between yards/terminals and railway network from Task 3.3.

The demonstration will be performed in a simulated environment on selected bottleneck lines and
yards/terminals along the TENcorridordn Sweden and in Germany, and will be validated using
micro-simulation based on Task 3.5.

Task 3.7: Evaluation of the defined scenarios for higher speed freight trains

(Leader: DLR, contributors: TRV, Start M27, End M36)

Economical evaluation of studiegenarios regarding cost and benefit from the perspective of train
operating and Infrastructure Manager. Other benefits may be commented.
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The scope for real time network management is to develop the interaction between yards and
terminals and the railway network. Yards and terminals for freight traffidhandled by a Yard
manager or a terminal manager. In this chapter the connection isriesl with:
1 Relation between WP3 and other projects in IP5 especially ARCC project which gives
valuable input.
1 WP4 intelligent videgate which gives input to scenarios and demonstration in WP3.

2.1 Input from other EU projects

ARCC WP2 focus is on Yamhagement but also handle network partly. WP2 star@ctober2016
and endsSeptember2018.

In D2.1 following yards and terminals were studied:
9 Yards Hallsberg, Mannheim, Miinchen
1 Terminals Arsta, Miinchen Riem

D2.1 was finalised iBeptember2017.

In D22 further studies about planning process in short term anehad planning to daily timetable
and processes in operational traffic in Sweden. Main roles are infrastructure manager (network
manager), Marshalling Yard manager and Freight operator.

Shortcomings and difiulties in the processes for yard management and ygareltwork management.
Improvement potentiahasbeen discussed.

D2.2 wadinalised in February 2018.

In D2.3¢ Modelling Requirements and Interface Specification to Yard Simulation Systenther
studied. New conceptfor handling single wagon load traffic is considered.g. Freight booking,
Incremental planning and improved shderm and adhoc planning. Basics for retine decision
processes for yard and yalishe operationsare described. Objectives for support decision processes
for yard and for line yard is also described. Modelling requirements for a-teaé decision support
system for yard and yastihe operations is the overall result.

D2.3 will be finalised in Augusd28.
D2.4is the final step. The task is to describe scenarios for atRealyard managemergystem
D2.4 will be finalised in November 2018.

In ARCC WP3 research and innovation activities identifies areas with a need for improved timetable
planningmethods. A starting point is the needs at the freight nodes, but the problem also involves all

other traffic sharing the same infrastructurelated resources. ARCC WP3 will result in one deliverable
650®dmM0 I Sy Gstudyffod dd improved/methanldgiBr timetable planning including state

ofthe NI | yR FdzidzNB 62N] LI I yéd 5SSt A0SNIoO6fS 50dbm ¢

In 201805-29 it was a one day seminary in Stockholm organised and hosted by ARCC project. The main
purpose was to communicatand discuss current research in ARCC WP2 about interface to traffic
managementnd WP3esearch plapre-studyimproved timetable planningshift2Rail projects ARCC,
FR8Hub and Optiyard weparticipating.Extensive documentation of the seminar will belirded in

ARCC WP D3.1.
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Within the Fr8hub project there areightwork package$WR)&vhich areoutlined by the Grant
Agreement(GA)of the project.Thecloseness of theelation between thewvork packagess varying
where anespeciallyclose cooperatioris outlined forthis work package, WP3 Netwarkanagement,
and WP4Intelligent Videagate (IVG). The followingbjectives of WB arerelated to WP4

1 Tofollow and monitor the results and performance effects of VWRélligent Videagate on
freight traffic.

1 In correlation with WP4, establish the format of input data (identities e&nd outbound
trains, wagons antlUs) from the Intelligent Video Gate.

1 To describe how a multimodal exchange platform could conaedtexchange data between
the video gate and infrastructure manager, railway undertakings and other stakeholders

The first deliverable of WP4 is Deliverable 4.1 which is bound to be finalized in Jun@®2)48d
consists of two main tasks:

1. Descriptionof functional and technical requirementsa compilation of the prerequisites for
IVG technology(Leader: Duss)

2. Selection of componentsa market study ensuring appropriate components are selected.
(Leader: Ansaldo)

Four project partners are involved both WP3 and WP4; Trafikverket, DB (Duss in WP4), Indra and
KTH. Other pariers in WR includeAnsaldo EURDC/OBBTfK,SICS RISE and LearningWell. The latter
three as well as KTH are linked in thirarties from Sweden contracted by Trafikverket.

Twomore tasks are to be covered in the second and final deliverable of WP4:

9 T4.2 Technical proof of concept technical test and progress report to validate the
functionality of IVG(Leader: INDRAM18)

1 T4.3 Rollout & Implementation plarOverallstructure for introducing IVG technology to the
market. (Leader: Trafikverket) (M24)

Figure2.lillustrates the main tasks covered in the WP4. The first two tasks been merged into
one deliverable, Deliverable 4.1, and the latter two tasks, have been merged into deliverable D4.2.

2017 2018 2019 200
Description Leader |Deliv, [w] [+7] Ta] aa aa] ||4.r o [ [os r-:;: a |as
fwia |Intelligen video gate o]
4.1 |Description of functional and technical reguirements 1] _E-'ln 1 1 1 1
IT4.2  |seledion of components ASTS D42 o J
T4.2  |Technical proof nr:nn:opl INDRA (043 1T 11 M
[T4.4  |Rollout & Implementation plan for pilot site(s) TRV 4.4 _ﬁ'h'_-,

Figure2.1. Structure of the tasks covered in WP4, Intelligent Video Gate

As stated above the task 3.1 in this deliverable consists of establist@rigrmat of input data
(identities of in and outbound trains, wagons and LUs) that can be derived from WP4 the Intelligent

Video Gate. Following data correlations between the tmark-packages have been identified thus
far:
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1 central connection to databases (train data, wagon data, LU data)
1 communication of data deviations between pnetified data and IVG redime data

1 automatic check of incoming wagons and load units is expected to yield time savings, thus
reducing the terminal throughput time with approximately 30 minutes per train.

1 automatic checks and increased safety for outbound trains

9 improved operations at nodeis not achieved only through automatic cheakd deviation
handling, butalso throughoptimizingthe transhipmentprocess and the interface towards
road transportation as well as other benefits thatprovedand digitalizednformation
exchangecan impy.

9 more reliable ETAnd ETDf trains and initiation of terminal services in case of deviations.
The main functions of the technologies considered in WP4 are the following:

1 Identification: Video cameras and RE&tems including readers and tags.

1 Detection and Classificatio@ameras antlaser scanners.

Figure2.2 illustrates the intermodal supply chain considered in WP4 of which the rail based transport
chainpart is directly related to the network management perspective adopted in WP3 and Network
management. The figure also highlights suitable positions for video gates. The main position
considered is marked &€ in the figure and positioned thetween therail entrance/exit of the
intermodal terminal and the shunting operator. These gates would impablingimprovement of
information exchange between TermidAa-terminal/rail undertakings and network manageFar

the terminal operator the gates would imply improvement in operational efficiency mainly due to:

1. Faster arrival process (Deviation handling, automated arrival e.g. check/damage
claims/handling of dangerous goods)

2. Improved and faster operational hamald) as wagon and ILU sequerfaad any deviations)
are known in advance, enabling optimized transshipment plans and interface towards road
hauliers¢ KS € I G GSNJ Ay LI NIAOdzZ I NJ 6KSYy O2YO0AYSR 6A
figure.

3. Faster departurg@rocess (Automated departure check, improved safety, handling of
dangerous goods)

Thesefactors can lead tsignificantreductionof service times at terminal@o be analyzed further)
andthusreducesdisturbancesensiivity of the transport chairas well as the probability othe
terminal constituting a capacity bottleneak the chain

Detection points; in this context defined as gates with only partial functionality of the intelligent

video gates that can use RFID readers for detection purposes. Cameras and scanners can be excluded

from these points if classification or other functidities are not required. The positioning of the

RSGSOGA2Y LAY (Eguk2?and Is NwSer the shunting @perdtoy and the main

rail network. Thepofia OFy |fa2 6S IRRSR (G2 Fyeé 20GKSNJ &l NR
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route thus contributing to traceability and higher efficiency as any reconfigure of the train along the
route is known in advance by the terminal operator who could theplasmtheir processes.

7
AN

KNS

Wagons are equipped with RFID tags and Infrastructure managers have RFID readers that can
position wagons: wagon unit ID, when it passes and what direction. In Sweden there are about 350
RFID communication points June 2018. This datdearsed to increase quality, capacity and
efficiency in the railway systerfligh speed detection, well over 200 Knighpossible although will

not be reached in the context of IV&pplication in intermodal terminalsut high speed

requirements could beelevant for the detection points.

Loading Traruakipma ey . Tramsshipmant  Unkssding
AT Shuntirg Line Faul Errting
Activities: Pree —— NAain Bail Metwark inbaund i Posr
Paulage hauage
il Ureertakin
Actors:  Skigper Roag Termina Shurting R :Hral.:rll m':‘ Shumting Tesmiral  Road
clors: FREF alier Operator Cipraves rdarar.%r. Cxsiiton Oiperator  Haliar COMSIEren
X = Rail video gate Rail based transport chain

0 = Datection paink
2 = Road video gate

Improved information exchange between: Terminal-to-terminal/Rail
undertakings/Infrastructura manager

Main gaing:
= Automatized and digitized processes = Improved handling of deviations and
checks (in- and out)

= Improved data quality
= Dptimized transshipment plans and interface towards road hauliers

Figure2.2. Potential effects on the intermodal rdbased transport chain integrated with IVG.

2.3 Summary Connection FRiBb WP3¢ WP4 and related works

Theintelligentvideo gateis gathering data that can be used for more efficient terminal processes.
These data are of interests for:

9 Infrastructure manager

1 Yard manager and terminal manager
1 Railway undertakings

1 Transport customers

There is a current developent with more digitalised data. Wagons are equipped with RFID tags and
Infrastructure managers have RFID readers that can position wagons: wagon unit ID, when it passes
and what direction. In Sweden there are about 350 RFID communication points Jund R€48.

data can be used to increase quality, capacity and efficiency in the railway system.

Intelligent video gate is gathering information about the train, wagons and loading units.

Technical systems are video cameras, laser scanners angyks including readers and tags.

Data correlations between the two woykackages WP3 real time network management and WP4
Intelligentvideo gatehave been identified.
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The Intelligent videgate gives faster terminal process: arrival, operational handliagons and
loading units and departure process.

Y
4]

NS

The initial plan is to consider IVGs located at the entry and exit points of a rail yard. Inputs to the
demonstrator are:

1 A train arrives/departgarly
9 A train arrives/departsate
1 A train arrives/departs witldangerous goods

ARCC project gives valuable input about staftart and realtime decision processes for yard and
yardHine operations in Sweden and Germany. It also describes requirements for demonstrators and

deficienciesn current processes. There is potential to increase punctuality and efficiency by better
planning methods and planning support.
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3 Specification of innovationgn real time network management
Freight train operators generally ask for more changes clospéoation than passenger train
operators. Today there is a challenge to accommodate these without interfering with existing
(passenger) trafficThe main innovations in WP3 are related to decision support for strategic, tactical
andoperational capacity phningto support these requestdn particular, new concepts and
algorithms for replanning and adjustments of train timetables will be implemented.

S\\\W

The involved actors are Infrastructure manager, Yard or terminal manager and Railway undertakings.
The pespectiveis mainly fromthe infrastructure managesthat are responsible for network

management capacity and timetable. There is an interaction between Infrastructure manager, yard
manager/terminal manager and railway undertakings both in planning prares# operational

traffic.

There is a current digitalization improving processgbetter decisionsupport and information
exchange. Processes that today are done sequential and slow can in future be done automated and
in parallel

Today there are shitcomings in planning and operational processes. These have been documented
in ARCC deliverab®2 and 3.1

3.1 Best practicdimetable planning and operational traffic control

Network management in WP3 is the management of train activities on the lingharichpact on

train operations thayard operations may hav&he range of planning processes in railway
operationstodayincludes mainly timetable, infrastructure, vehicle scheduling, construction sites and
crew management. There are also different planning horizons in which these processes can be
considered. The most general classification corresponds to the underlyiwayaiperations
management processes fetrategicplanning,tactical planning as well agperationaltraffic control
and train driving. The planning processes within the scopetviork management anthe project
are shortterm (daily timetable up to 1sar) and planning within the operational process, i.e. the ad
hoc planning process. Y { 6 SRSy I IlaiihgEepart@éhtNdn8giver the daily timeable

to operational procesat 3 p.m. the day before operatiofihe operational process, where theat
time traffic plan is updated, is also in scope.

Short-term planningincludesminor capacity constraints (e.g. minor constructiites) asell as
adjustments to vehicle and crew management. Daily adjustments are made for crew and vehicles
managementnd operational traffic consider dispatching and handling disturbarteresn a freight
perspective, changes are also made due to variations in demand, which both affect train size (length
and weight) and the need for additional trains.

The project scopaims at improving the planning activities in the railway system, mainly from the
perspective of the infrastructure manager, by means of precise railway simulation and optimisation.
In particular, methods for microsimulation and optimization fofplanningof timetables to increase
overall freight speed and manage disturbances during the tactical and operational phases are
considered. We will assume an annual timetable is given, but need to be updated to accommodate
for later changes.

Today, simulations armainly made in the prplanning phase of the annual timetable, for example
when evaluating infrastructure investments. It is also commonly used to evaluate the annual
timetable, and when planning for major maintenance activities and disturbances. anthel
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timetable, simulations are made to get the timetable conflict free and study its robustness. The
process for timetable planning and operation is harmonized in Europe by Rail Net Europe, European
legislation, Network statements and European corridorsfreight traffic.
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Figure3.1illustrates the process for timetable planning for the Swedish Traffic Administration
Trafikverkef and how the work in FR8HUB B/Rill be subdividedThe planning is divided into an
annual timetable and ad hoc adjustments of the timetable. The ad hoc timetable process is the
interface between tactical and operational processThere is a need for better connecting
timetable planning and operational methods due to an ongoing trend of the tactical timetable
planning process and operational processes merdmtactical planning simulation and optimization
methods improve the planning and interaction between the Infrastructure manédi® Yard
ManagerqYM),Maintenance Entrepeneusnd RailwayndertakinggRU)throughout the process

JNB (Jarnvagsnatsbeskrivningen) is the Swedish network statement, providing-tiegyisites for
planning.

U] [Envepreneus
Train plan
Follow-up material ‘ [Outcome*]
\

AY

Traffic planning \
\ IJNB Need Delivery Production Trafiic Delivery
)Work inventory planning planning control and follow-up
/ ‘ information
/
1. Pre-planning 2. Planningof 3. Ad-hoc 4. Operative traffic 5. Traffic follow-up

1-yeartrain planning control (incl. Traffic
plan information)

Freight trains

o Network management
increased speed +

T3.1 Scanning of innovations and best practice
T3.2 Define scenarios for simulations and demonstrations

FR8HUB WP3 functionality

dagtd High-level system architecture and IVG info (INDRA)
Subdivision:

13.4
- - Sim.based Cancellations /
Simulation Y 2
timetabling New trips
(DLR) :
13.5,13.7 (KIH) (LV)
et 13.3,73.6 13.3,73.6

Figure3.1. Process for timetable planning and connection to tasks in FRBHUB WP3.

3.2 Short term planning in Sweden (Trafikverket)

The capacity allocation processes produces ay@wae Timetable. This timetable for 2018 is
published in 8ptember 2017 and traffic according to the new timetable commences at early
December. During the year it is possible for a railway undertaking (freigpassenger railway
undertakings) to apply for a train path in the adhmocess.

The adhogprocesdor the existing timetable normally starts in October and is a sequential process
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1. Plan and apply for new 2. Plan and allocate
or changed capacity of capacity for tram paths 3. Updated timetables
train paths and services and services
4. Adapt and update the 5. Published production
production plan plan

1. Planning and application of services and capacity for train paths is made by
railway undertakings and entrepreneurs using the e-service on the Swedish
Transport Administration's websife.

Planning and management of conflicts. Agreed train paths signed for in the

same way as in the annual allocation process.

3. When allocating capacity for train paths and services, the current timetable is
updated. Only agreement points are covered at this stage when allocating
capacity for train paths.

4. The production plan is adapted and updated to take into account new and

changed conditions. This means that apart from agreement points, other

production data can be changed up until the time of publication.

Publication of the production plan. The published production plan includes

route plans and other services. Publication takes place at a specified time

before the next operational period.

>

Lh

Figure3.2. Adhoc process from Trafikverketetwork statement 2018.

The process of allocating capacity at main shuntingsyand terminals differs, as the capacity at a

yard and terminal can be owned and managed by a railway undertaking. In Sweden this is the case in
Hallsberg, Malm6 andddhenburgand some otheplaces Other railway undertakings that want to

use the shuntig yards facilities still appliésr capacity in the adhoc-process, but confirmation from

the yard management company has to be received before the train can enter the yard.

3.3 Specification of innovations network management

The innovations in network management are relatedrioovations in datalriven futureoperative

and stategic decision support systems. The core new data flow as imagined in Fr8Hub WP3 is the
automated reporting of cars and train movements from ongoirggtdiization efforts, such as the
Intelligent Video Gate developed in Fr8Hub WP4. As the projects run in parallel, we will work with
synthetic data in WP3, with the goal of seamless information integration once the project has
finished and IVGs are deplayeOther information sources will also be possible to integrate with the
algorithmic innovations in WP3.

As an initial plan we will work with an information model where data from a set of IVGs comes as a

time-stamped series of train and load carrier IB& will consider IVGs located at the entrydaexit
points of a rail yard. The following data in particular will be considaesehput to the demonstrator
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1 A train arrives/departearly
i A train arrives/departsate
1 A train arrives/departs witlilangerousgoods
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In addition, thefollowing userinput scenarios will be considered:
1 Cancellatiorrequestsfor trains
1 New slot requestdor trains

From these basic building blocks, realistic scenarios where dynamic replanning is performed can be
constructed as seances of cancellations and slot requests. For example, temporal and spatial
replanning of a slot will be considered as a cancellation followed by a new slot re§pasal re

planning includes both the use of alternative tracks, at double track linéglswo rerouting in other

geography.

For the approach to be realistic, it is important to realize that, due to rolling stock and train crew
being shared among several slots, some sequences of requests will be much more likely to occur
than other seriesSaff schedules and vehicle circulation certainly also bound the flexibility when re
planning.

The replanning will be considerédtwo different perspectives, described below.

3.4 First outline of innovation scenarioand algorithms

Scenarios will be desbed about howinnovative methods andlgorithms can be used in planning
and operational process.

3.4.1 Tacticaldata driven timetableplanning

In Tacticalplanning,multiple changes to the timetable will be consideithultaneouslywith a
basis in quality parameters such as punctuality amgiricaldelay distrilutions. The algorithms will
be based on previous work in this area, in particular extensions to work by Hagddh(2017) KTH
is the main responsible partner for tHignctionality and it has a connection tRailSysimulator.

3.4.1.1 Concept and research area

Hogdahl et al(2017)have proposed a twstep approach for tactical timetable planning, where a
delay prediction function is first calibrated and then included imeetable optimization model to
adjust a given timetable such that it minimizes the weighted sum of scheduled travel time and
expected delay timeThe model will serve as a basis for continued development in WWiSbasic
approach in FR8HUB can be desadliias follows.

1. Core timetabling model is theybrid micremacro model developed by Hogdahl et(@O017)

but extended withparametric hub/yard delaynodels, based on the activity model in Bohlin

et al. (2015).

Parametric yard delasnodelsare calibratedusinghistorical train data

3. Simulated IVG indication of increased hub processing time leads to increase in predicted yard
delay (with simulated tailingff)

4. Replanning of train timetabls donebased on new approach

N
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Thecurrentdelay prediction function is based on experimental data (which could be collected either
from simulation or real operations) and the approach could therefore be considered to be-a data
driven timetabling approach.
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In-scoperesearch topics related to thareainclude:
- Further develoment ofthe methodology of datalriven timetable planning.
Adapt the approach to the scope of FRSHUB.
Explore other delay prediction functions.
Theoretically justify datariven timetabing approaches.

3.4.2 Operative traffic control adjustment for a single train

In operative traffic control the timetable will be considered fixed and smaller adjustments should be
made. In particular, single train adjustments will be consideaed, the relay on and extend the
algorithm framework developed for finding a new train path (Ljunggren et al., 2018). In this
framework a timetable is given, and sought for is a new train path between two yards/terminals, that
fulfil some side constraintsn departure time, travel time and arrival time, as well as other logical

and technical constraints for train traffic. Unlike other proposed methods fecheduling, the

approach by Ljunggren et al. can easily be extended to search for train patheriratite

geographies, which is important when, for example, when there are main disturbances and stretch
closures, it is also beneficial for finding good train paths through complex station areas.

The work will include considering various goals for tleeition, such as robustness and travel time,

but also various constraints for departure and arrival, at end or intermediate stations, due to, for
example, staff schedules. The concept and usability of this algorithm will be further analysed in next
researt step of this project.

Linkdping Universityis the main responsible partner for this functionality.

3.4.3 Tactical planning analysis and models Yard and network

For yards and network there are needs to better understand how interaction can be impioved
Sweden today, only few freight trains follow their scheduled train pAtmajority of the trains are
runningaheadof schedule, some trains are punctual arrival and departure. There are also freight
trains that are delayedseeFigure3.3 below. There is a need to better plan and control freight traffic
in the Swedish networkand timetable planning needs to be more flexible to account for the freight
traffic needs

Page21 of 80



Wiz

A
N

Deliverable 3.1

2
TN

“r<hub

N7

7

KNS

Figure3.3. Time deviations for arriving trains (orange) and departing trains (blue) at Hallsberg marshalling yard during .
al NODK HamtTd {2fAR 0fl O] ¢YSFBIABSAalLMANVEY SR RELK AL NBE SHURA W RE ¥ |
GKFY LXIFTYYySRéd 51 GF LINPBARSR o6& ¢NFFA]LOSN]S

Freight traffichasa big impact on system punctuality. In Sweden punctuality work is measured by
disturbance hours and effect areas. The eff@aas with highest number of disturbance hours are
departure delays (avgangstid/noder). This is shown for the years @0037.

Table3.1: Disturbance hours 2018 2017, for different effect areas. Sourc@rafikverket.

Area of effect 2013 2014 2015 2016 2017
Departuredelaygnodes 23300 21 100| 21 700| 21 300| 17 400
Infrastructure 15 600| 20 100| 15100| 15 400| 12 000
Vehicles 13 000| 12 500| 11 400| 13 500| 11 900
From abroad 7600] 8700| 9300f 7800| 9700
Track maintenance 5200f 4800 3800 4800 4500
Unauthorized personnel in track area| 2 700 3900| 5200| 5800| 5300
Traffic and resource planning 5200| 5900| 6500 4400| 4000
Operative traffic 3500/ 3800| 3600 4200| 5800

For departure delaythe following 14 yards and stations have highest number. Malmd, Hagalund and

Hallsberg ar¢he top 3in thelist.
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Figure3.4. Disturbance hours due to departure delays 14 yards/stations (all trains).

Models how to increase systepunctualityby improvedplanning andperativetraffic control will
be further studied.

3.4.3.1 Yard delaynodel

Yards in the model can be either shunting yards or intermodal terminals. 8xaneples of hump
yards in Sweden arghownbelow.

\

™

’ L ~ -
y
.-z/’,.‘, — N 7
e ~
— el S S ”
e c\-;: S
———— "t. < -

Figure3.5. The Hallsberg (Hhg) combined shunting yard and intermodal terminal in Swedérot in scale for visibility).

Sha

Figure3.6. The Borlangegard in Sweden.
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Figure3.7. The Malmd yard in Sweden

Yards are treated in the same way, no matter their type. We assume that we want to model the

delay of an outbound freight train. A shunting yard and the activities thereinHigere3.8) is used
for the base model.

Line  Arrival Yard Hump  Classification Bowl Departure Yard Line
Il
| - | .
arrival | engine decoup.  decoupling | roll in coupling | roll out  engine coup.| departure
inspections brake test

t; ty ty tep

Figure3.8. Typical activities at a shunting yard.

For any yard, there is typically minimumé processing time betweea andd  (for HrbgA (i Q &
around 23 hours). The actual departure time of a tréidepends on:

The actual arrival time of the line locomotive + driver and all wagons / ILUs

Yard congestion i.e. amount of freight and fian fan-out

Any replanning actions (switch loco, switdriver, reassign wagons / ILUs

However, critical data is owned by railway undertaking or yard manager and not easily
accessible

o T To o

The following assumptions are made:

Line locos are assigned in timetabled firsfirst-2 dziT 2 NRSNJ I YR a2WSE g6 32y
the locomotive

Possible interaction between any arriving train and all departing trains in a different direction

within 24 hours of arrival

Possible congestion delay dependent on the number of trains present at the y&ahbars

before departure.

Noyard replanning actions

p ST SR,

The yard delay model for a departing train b with dedays:

o | 0 Y o Y [no Y o 0 1h

whereo is the arrival delay of the enginé, is the arrival delay of cargp 0 is the timetabled
departure of trainbandd is the arrival time of traim| i R and] are correlation coefficients
and"YR'Y and"Y are buffer timesThis model will be used as a stag point forfurther research in
the projed, and to adapt the timetable planning model, to estimate parameters, and to perform
experiments.
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4 Multimodal Freight DataExchange Platform

Within the objectives of the WP3 it is included the definition of a data exchange platform for inter
modal hub required for connecting freight transport stakeholders. This MultimodalBxathange
Platform as the aim to connect freight operation with othiail systems in order to support new
methods for improved operation between network management and yard management.
Multimodal Freight Datd&Exchange Platformwill allow the integration of requireflows of

information between all the actors and stakehetd involved in the freight railway operatioirs
orderto ensure the full integration of freight transport stakeholders in global railway operations.
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With the definition of the Multimodal Dat&xchange Platforr is intended to improve the

integration of the freight operations in the management of the traffic of mainlines through the
integration of the involved actors into a common platform for exchanging information between them
duringthe complete cycle of opation. This integration will allow the creation of specific andre
accurate service®r the freights that at moment are not completely supported by the Traffic
Management Systems.

The integration of the freight stakeholders for supporting the freigp¢rations in the global

operation through a common platform is aligned with the principles of the Shif2Rail IP2 projects,
which are working on the definition, and development of a common communication backbone of the
rail operation system. This backboisenamed as Integration Layer and it provides the substructures
needed for allowing the integration and the exchanged of information between the different
involved actors.

The final goal is to improve the efficiency of the freight operations and theatiiig of the effects
of the difficult situations detected. For achieving this purpose, the definition of the integration
platform and the identification of the data structures to be exchanged between the actors in the
different current and desired operati@l scenarios will be performed. The basis for this definition
will be the current freight operation and the identified difficulties.

The definition of this platform will be achieved through the following activities to be carried out and
whose results wilbe available on the Deliverable FR8HUB D3.2:

- Study of open and standard connection solutions.

- Analysis of input information.

- General Architecture of Multimodal Freight Déachange Platform.

4.1 Study of open and standard connection solutions

As previoustep to the definition of the multimodal data exchange platform, the intention of this
activity is to analyses the existing standards supporting the railway operations.

Several initiatives are currently ongoing around the EU with the objective to stamdédro:

interfaces and communication among different actors involved in the railway operations for different
purposes. Although the goal of the definition of the D&techange Platform is not to define and to
close the specific formats of the information be exchange, the study of the most relevant

initiatives in this field is required in order to get an overview of the interfaces and situations
addressed in these initiatives.

Through this analysis, the actors, operational cases and exchanged informetioad in each
initiative will be identified.
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Together with the analysis of the input information, and the definition of the operational cases for
freight operation, will support the identification of the information to be exchanged between the
freight operation actors and the other global railways actors.
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4.2 Analysis of input information

On one side, the dmition of the Multimodal DataExchange Platform will be based on the outputs
of the ARCC project. The main objective here is to understand thé&cshtings of the current freight
operation in order to provide within the Multimodal DaExchange Platform the flows of
information required to improve the global railway operation.

For approachinghe knowledge of the freight traffic current situatiotheir difficulties and
shortcomingghe deliverables provided by the ARCC project will be analysed as previous step to the
platform definition. Additionally, @ommon workshopvith the different partners ofARCC project

will be carried out. In this sensdye objective here is to reach a better alignment on the approach of
the platform definition with the aim to define later on the flows of information required to the
mitigation and resolution if possible of the difficulties previously detected.

On the othe hand, as new methods for improved interaction between network management and
yard management, the results of the WP4 Intelligent Video Gate will be analysed as input for the
definition of the Multimodal Datd&Exchange Platform. For this purpose it willamalysed and
consideredhe available informatiodata that could be provided by the Intelligent Video Gdtee
results and performance effects of the WP4 Intelligent Video Gate on the freight traffic will be
monitored and follow with the aim to describ®mw the Multimodal DateExchange platform will

allow exchange data between the IVG and the remaining actors participating into the freight
operation (Infrastructure manager, Railway undertakings and other stakeholddés)mpact of

having available thimformation will be analysed in order to improve some of the operational cases
and difficulties detecteadvhenpossible.

The definition of the Multimodal Datexchange Platform within the WP3 is in line with the targets of
MAAP TD 5.2 and within the scope of digitalization of future freight traffic. Synergies between TD 5.2
and IP2 (TD2.9) will be used. In this sense, Woelt A.2, relation with Integrated Mobility

Management (12M), in Crog3utting Activities, will specify and implement the substructures needed

for automated message exchanges between Freight operations and Traffic management systems via
the Integration Laye in order to achieve Shift2Rail objectives.

4.3 General Architecture of Multimodal Freight Datéxchange Platform

Using the knowledgprovided by the input informatioms well of tle existing open standards, the
intention here is to define the required fies of information between the actors involved on freight
operation. To analyse and define who is able to provide the required information and when is
required to be provided the information looking for mitigate the current status of freight operation.

Inthis sense the main actors involved on freight operations as well as the IVG talldpento
account.

For the freight operations, the principal actors to be integrated in this platform will be those with
active role in the management of the freighaffic and services:
- Infrastructure Manager (IM): Owner of the infrastructure (lines, stations, depots, sidings,
yards, terminals). It is responsible for capacity allocation and dispatching on lines.
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- Yard Manager (YM): It is responsible for yard operatiwth @anning (in collaboration with
the IM). It is included in this role also the manager of terminals and sidings.

- Freight Operating Company (FOC): It provides transportation services. It is responsible for
rolling stock and drivers. It applies for railwegpacity.

- Transport customer and carrier service: It buy railway transportation services to the FOC.

M

Based on the previous analysis performed in ARCC project regarding the yard management and its
integration with the network management, the current op&aaal scenarios can be extracted, as
well as some difficulties and shortcomings to be improved in the future.

The definition of the architecture for integrating the exchanges of information between the freight
operation actors involves the following agties:

- System concept connecting yards/terminals with network: Description of the integration
layer concept for connecting all the actors involved in the railway operations, not only but
also the freight related actors.

- Definition of Operational Casesegxription of operational cases involving Infrastructure
Managers, Yard Managers, Freight Operations Companies, Transport Customers and other
actors if required for covering the freight operation regarding its interface with the traffic
management. The cas will intend to cover the expected operation and to improve the
difficulties detected.

- General Architecture: Description of the architecture of the Multimodal Freight Data
Exchange Platform.

- Definition of Data Structures: Identification of the exchangemformation between
involved actors for supporting the operational cases.
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5.1 Demonstrator scenarios

The FR8HUB demonstrator will initially be applied tolthebetween Malmo ad Hallsberg. The
network is shown in thémage below.

Figure5.1. Macroscopic view of the network between Hallsberg and Malmé.

The infrastructure models include stations as nodes and each track between all stations on the line,
including the main direction. As pfocessing, connecting lines and stations will be excluded so that
only traffic on the actual line is considered (i@mnetabling for trains on connecting tracks will not be
considered, apart from the part of the trips which actually traverse the main line in question, which
will be included).

Replanning of timetables will be initiated for the following events:

A train arrives or departs earlier/later than expected

A new train path is requested

A train iscancelled

Data from the IVG indicates that the predicted throughput time at a yard or terminal is
higher or lower than expected.

1 Data from the IVG indicates thatehrain composition deviates from plan in terms of, e.g.,

load profile, axle load or dangerous goods, requiring rescheduling via alternative geography.

=A =4 =4 =4

For the demonstratoran overall simulation of the capacity planning, where-getermined or
random events of the type above happen at pspecified or random time points, will be used.
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5.2 Architecture
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The eemonstrator is composed by several integrated systems, working together in order to improve
train scheduling for defined scenaridshe c&emonstrator is providing optimization of an initial
scheduling according the requirements defined in a scenario in order to improve the network
management. This demonstrator also has the aim to show the use of standardized information
among the involved systems in demonstrator, as a first approach to the future use of aratitegr
platform for network management, instead traditional and isolated systems.

Along this chapter, the following aspects of the WP3 demonstrator will be described:
1 Involved systems in demonstrator.

1 Responsibility of each involved system.
9 Information wakflow.

The systems involved into WP3 demonstrator will be the following:
1 Timetable Planning Tools provided by KTH and LIU.
1 Timetable Viewer provided by Indra.
1 RailSysa product of RMCon available on TRV.

On the following diagram are shown involved syss into the demonstrator and a preliminary idea
of the information involved and the demonstrator workflow.

Initial
Timetable
. Re-pl d .
Timetable » Tei'”fjgg;z P Timetable P
Viewer - - Planning tools <
A
Railsys Scenario

Actual Operation
from simulation

Figure5.2. Demonstrator Architecture

The main purposes of involved systems are the following:
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1 Timetable Planning Toolare in charge of timetable optimization as frame of traffic
management innovations. Within this tool adjustments over the Initial Timetable provided
are applied. As mentioned before, this tool provides both, adjustments relateththieal
planning as well as dynamic-ptanning related to the operative traffic contrah this sense:

0 Areplanning module developed by KTH will be able to reschedule multiple trains
with a shortterm planning horizon.

0 Areplanning module developed hyiU will be able to reschedule single trsiim
close toreaktime planning horizon.

1 Timetable Viewelis a graphical user interface in charge to monitor and display the planning
information updated. This application is in charge to automatically display the Current
Timetable when adjustments on the Initial Timetable are applied by the Timetable Planning
Tools. Timetable Viewer allow to display the Initial Timetable face the Current Timetable in
order to visualize the effects of the optimization carried out by algorithms of Timetable
Planning Tools.

1 RailSyds used manually for simulation of initiakpéanned timetables in order to obtain
guality parameters related to the optimizations achieved by the algorithms of the Timetable
Planning Tools.

%
S
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As it is shown in the previous diagram, the involved systems into demonstrator will use the following
information:

9 Initial Timetable Originaltimetable information coming from a production plan, before any
timetable optimization. Contains related information to original scheduled timetables for all
train involved on a defined scenario.

1 Replanned Timetable Reschaluled information coming from Timetable Planning Tools.
Contains updated information related to timetables for all train involved on a defined
scenario in use. According to the conditions of a defined scenario, the timetable optimization
may require sevelaReplanned Timetables during a single demo.

9 Current Timetable Is the last version of the Rdanned Timetable provided by the Timetable
Planning Tools until now.

1 Actual operation from simulationOutput provided byRailSy$or each Replanned
Timetable providing quality parameters of operation for each-ptanned TimetableThe
output from RailSyss a CS¥ile which contains log data. For each event at least the
following data is registered: Time, Train number, Position, Route of last signal (or stop
board), Last signal (or stop board), Station (if at station), Track (if at station), Event, Current
speed in km/h, Obstructing train, Lateness[s].

9 Scenario As described on the previous subchapter the scenario defines a specific traffic
situation that tries to be optimized in planning time.

Giving the components of the demo, the involved systems and the defined information, the
workflow of the demonstrator will be defined according to the following steps:
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wlnitial Timetable information is provided into a file with a defined format
based on RailML

J

wlnitial Timetable information is loaded and displayed on the Timetab@
Viewer

wlnitial Timetable information is used for optimization by the Timetable
Planning Tools )

wTimetable Planning Tools work to optimize the Initial Timetable
wTimetable Planning Tools generate-fitanned Timetable information

wTimetable Planning Tools update-Ranned Timetable information into a
defined file when optimizations are carried out

wAutomatically the Timetable Viewer is checking for thepRened
Timetable update and loads the Current Timetable information face Initjal
Timetable

Figureb5.3. Information Workflow of demonstrator

Giving the nature of each scenario severaplanning actions may be require@dthin a demo, thus
according with the above figure, steps 1 and 2 represent the initial state of the dechthe steps
from 3 to 5 are taking place each time that a newplanning action is carried out.

That is to say, for the demonstration of each scenario:

9 The Initial Timetable is used for optimization by algorithms of the Timetahiarening
tools. These algorithms arable to provide an optimized version of the plannarg
generate an updated Rglanned Timetable. Then algorithms will be used to optimize
continuously the Rglanned Timetable according the current criteria.

1 The Initial Timetable is &mled manually on the Timetable Viewer, then automatically each
time thatthe Replanned Timetabldile is updated the GUI will read the content of the file
and display the file information, that is to say the currentgtenned Timetable. This
informationis displayed face the Initial Timetable with different trace/draw, in order to
display into a spacéme diagram both type of information and visualize improvements
carried out by algorithms during the demonstration.
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5.3 Functionality and First Mockip
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5.3.1 Timetable PlanningTools

The timetable planning tools are developed separately by KTH and LiU and are used to reschedule
the Initial Timetable in order tcadaptto changes in operations.

The timetable planning tools will differ stope where the tool by KTill be used for shorterm
tactical replanning ofmultiple freight trainsandthe tool by LiU will be used fatose toreaktime re-
planningof singletrains.

As input data the timetable planning tools require an initial timetalrleluding the infragucture
model, and a scenario definition file. This is then used together with optimization to find the best
timetable (called the Replanned Timetablepased on the given scenario. TReplannedTimetable

is written to a separate file in the same forma thelnitial Timetable.

5.3.2 Timetable Viewer

The Timetable Viewer allows the user to visualize at same time the Initial Timetable and the Re
planned Timetable for a scenariafter loading thdnitial Timetable for a scenario, the Timetable
Viewer displag graphically the content of this timetable, as well as, monitors thelRened
Timetable generated by the optimization modules in order to display the content of the last
generated Replanned Timetable. The last generatedtenned Timetable is considsat as the
Current Timetable; because of it is the timetable with the best performance according to the
innovative timetable modules.

Through the concurrent visualization of the initial and thegRenned Timetable, the user is able to
analyse graphicallghe differences between both of them and to check the improvements provided
by the innovative Timetable Planning Tools.

The Timetable Viewer provides the following main functionalities:

1 Manualloading thelnitial Timetable.

1 Initial Timetable contendisplay.

1 Automatic monitoring of R@lanned Timetable corresponding to the previously Initial

Timetable loaded.

9 Current (last R@lanned) Timetable display.

1 Simultaneous display of Initial Timetable and Current Timetable.
The Timetable Viewer provides datisualisation of the loaded information provided through the
Initial Timetable and the Rglanned Timetables. Any calculation is performed by the Timetable
Planning Tools. In this sense, only the graphical comparison between the initial and the Current
Timetables is provided to the user. This comparison allows the user to have the global situation of
the scheduled period and to detect the modifications introduced by the innovative planning
modules.

Additionally, the graphical functionalities of the Tirable Viewemllowthe user to visualise other
details of each scheduled service.

The graphical interface of the Timetable Viewer is able to display the following main elements:
i Details of the scenario:

0 Line affected by the timetable.
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o Title of theScenario.
o Description of the Scenario.

1 TrainGraph: Graphical representation of the timetables. The T@iaph displays the
timetable and route for all the trains defined in the Initial Timetable and in the Current
Timetable in a distanegme representdion in which the time is shown in theaxis, and the
distance in the yaxis. Both travel directions are displayed overlaid.

Therefore, the travel times between nodes and the time during the train is located within a
Node are graphically displayed. Thaanr or traceis different for the Initial Timetable and

the Current Timetable in order to display simultaneously both timetables in the same Train
Graph.

The TrairGraph is able to provide different levels of information according to the selection
of the user. Information about the following elements can be displayed optionally:

0 Location of the Nodes.

o Distance between Nodes.

o ldentifiers of Trains.

o Times of Arrivals and Departures to each Node.

In order to improve the usability of the viewer, the Tr@raph provides scrolling options
and different levels of zoom for the time and the distance axis, which can be adjusted by the
user at any time.

Additionally the TrairGraph displays graphically the tracks within the Nodes where the
trains stops or passeds case the Node include more than one track.

1 Log of events: It displays the timestamp when the Initial Timetable is loaded and when the
Replanned Timetables are detected and displayed.
It is able to display another relevaetentdefined into the loadd files.

Figureb.4. Timetable Viewer with Initial Timetable loadaatludes a first mockp of the Timetable
Viewer when an Initial Timetable has been loaded, ipRnned Timetable information has not
been already generated. The available options for the user will be the following ones:

91 Load Initial Timetable: A file explorer window is displayed in order to allow the user to select
an Initial Timetable file.

In case the information of a timetable is previously displayed, then this information is
removed,and the monitoring of the previous Timetable is stopped when the user selects an
Initial Timetable file in the file explorer window.

The information of thenitial Timetable is displayed and the monitoring of thegRenned
Timetables for this timetable is launched.

9 Graphical options in the Trai@raph:
0 Increase and decrease the general level of Zoom.
0 Increase and decrease the zoom at tiands level.
0 Increase and decrease the zoom at distareoas level.
o Scrolling.

Page33of 80



Wiz

2

Deliverable 3.1

W

I,
K/

—

( e

[ ey

fr

A

N

s

AN
o Display and hide additional information: Node locations, distance between Nodes,

Train identifiers and departure and arrival times.
o Fold and unfold track information in Nodes.

Timatable Viewar I
| Ling ] Linay & ] | Soanang Titka Beanang & | [ Scanang Description | Salunday Timetakds
Train:Graph
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Figure5.4. Timetable Viewer with Initial Timetable loaded

When Replanned Timetable information for theadedinitial Timetable is detected both
representations are displayed at same time in the same T&aaph, as it idlustratedin Figureb.4.
TheEvent Loglisplays theegisteredmain events that have occurred regarding the timetable

The Timetable Viewer performs the monitoring of thef®&nned Timetable information
automaticdly, without any interaction requiretly the user.
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Figureb.5. Timetable Viewer with Initial and Current Timetable displayed

5.3.3 RailSys
RailSy$sa commerciakoftwaredeveloped by Rail Management Consula@mbHised toplan,
model, simulate, and evaluate railway traffic. It is the standard simulation tool used by the Swedish

Transport Administration and is planned to be used as follows in the demonstrator:
1 As a data source of the infrastructure, rollistgpck, and the initial timetable.

1 As a data source in the Timetable Planning tool developed by KTH.
1 As a validation tool to assess quality performance indicators such as punctuality etc., of the

Initial and the Replanned Timetables.
RailSyss formed by several modules. Within the scope of the demonstrator:

1 Timetable and the Simulation Manager will be used for simulation purposes.
1 Evaluation Manager may be used for evaluation of the simulations if required.

RailSysvill be used both by DL simulate and evaluate higspeed freight concepts, and by KTH to
generate timetabling and quality data as well as to validate timetabling approaches.

5.4 Interfaces and data format
The inputs provided to the Timetable Viewer are the following ones:

T Initial Timetable.
1 Replanned Timetable.

The input files is generated according to RailML version 2.2 with some project specific additions to
simplify the conversion back ®ailSy$ormat, which is required when simulating the timetables.

The information tlat can be included in the files covers the following areas:
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1 Infrastructure data: It includes all main line tracks and all stations (as Nodes), as well as the
identifier, location, and tracks of each Node.
9 Timetable information. Detailed timetable for aririg and leaving the nodes for each

scheduled train.
1 Rolling Stock information: It includes train identifiers and types.

Additionally, in order to provide additional information in the Timetable Viewer, specific formats to
be included in the files could lkefined for specific purposes.
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6.1 General classification

In this chapter the operational characteristics of fast and high speed rail freight transport are
described. In general, there are different categories for freight treegarding transport speed: First,
there is the conventional rail freight transport, which is the most important category in the present
time. The maximum freight train speed is in a range from 80 to 120 km/h. The next category is called
fast freight raitransport and has a speed range of more than 120 km/h, but less than or equal to 160
km/h. The third group (very fast freight rail) covers the speed range with more than 160 km/h and up
to 200 km/h. The category with top speeds above 200 km/h is callédspiged rail freight transport.

In this project the main focus is on the fast freight rail category. Nonetheless, it is important to
compare this category with the growing group of higgeed freight rail concepts. Therefore, both
categories are presenteid the following sub chapters. The two categories are divided into

subgroups according to the following scheme: the first group represents current freight rail systems,
which have started in the past and are still in operation. The second group dealdisatimtinued
systems. This group contains systems, which had been in an active status, but are no longer in
operation. In conclusion, in the third group systems in concept stage are presented. In this group the
systems have a different planning status. yhave not been active yet.

Table6.1. Categories of freight rail regarding speed

Number \ Transport category Top speed range (km/h)
1 Conventional freight rail | < 120

2 Fast freight ralil 120-160

3 Very fast freight rail 161-200

4 Highspeed freight rail > 200

Table6.2. Fast and very fast freight rail systems, sorted by year

Fast freight rail  Country of  Category Vmax in Status Period /

system operation km/h year

Expressgut Germany Very fast 200 discontinued | 19801997

InterCity freight rail

InterCargoExpres| Germany Fast freight | 160 discontinued | 1991-1995
rail

The Royal Mail | United Fast freight | 161 in operation | 1996-now

Train Kingdom rail

Danish postal Denmark Fast freight | 140 discontinued | 1997-?

train rail

Sernam (trains France Very fast 200 discontinued | 1997-2011

blocs express) freight rail

OverNight Netherlands,| Fast freight | 140-160 discontinued | 20002001

Express Germany, rail

Amsterdamg Switzerland,

Milan Italy

Parcel InterCity | Germany Fast freight | 140-160 in operation | 2000-now
rail

Swedish postal | Sweden Fast freight | 160 in operation | 2000-now

train rail
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XPressNet Germany Fast freight | 140 concept (2007)
rail

SPECTRUM Europe Fastfreight | 140 concept (2012)
rail

China CRH parce| China Fast freight | 160 in operation | 2016-now

train rail

The following trains carry both passengers and freight and therefore have a high priority in the
operational handling:

1 OverNight Express AmsterdanMilan

Bibliography:

[Denis2004]
[Verkehrsrundschau2011]
[NederlandseSpoorwegen2011]
[RailwayGazettelnternational2011]

Table6.3. Highspeed freight rail systems, sorted by year

Fast freight = Country of | Category Vmax in Status Period / year
rail system | operation km/h
ic: kurier / Germany, Highspeed | 200-320 in operation | 1982now
time:matters | Netherlands, | freight rail
France,
Switzerland,
Austria
TGV postal | France Highspeed | 270 discontinued | 19842015
freight rail
ICEG Germany Highspeed | 280 concept (1987)
freight rail
HGVG Germany Highspeed | > 250 concept (1993)
freight rail
Fracht Europe Highspeed | > 250 concept (1999)
Express freight rail
EuroCarex | Europe Highspeed | 300 concept (2006)
freight rail
Velaro Cargo| Europe Highspeed | 320 concept (2008)
freight rail
TGV Fret Europe Highspeed | 320 concept (2008)
freight rail
Highspeed | Europe Highspeed | > 250 concept (2011)
Cargo Train freight rail
NGT Cargo | Europe Highspeed | 400 concept (2016)
freight rail
China CRH | China Highspeed | 250 concept (2017)
Cargo freight rail
High Speed | Eurasia Highspeed | 350 concept (2017)
Rail Eurasia freight rail
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China CRH | China Highspeed | 350 in operation | 2017now
Fuxing Cargo freight rail
Mercitalia Italy Highspeed | 300 in operation | From 2018
Fast freight rail from

October

2018

The following trains carry both passengers and freight and therefore have a high priority in the
operational handling:

9 ic: kurier / time:matters
1 China CRH Fuxing Cargo
1 NGT Cargo (wheroupled with NGT passenger train)

Bibliography:
[time:matters2018]
[Eurailpress2004]

6.2 Fast freight rail up to 160 km/h

In most cases fast rail systems with a speed range between 120 and 160 km/h use the conventional
existing infrastructure. In this speed range it is possible to use locomotive covered freight trains.
Unlike the high speed rail freight it is not necessargiggelop new rolling stock. The wagons are
specially adapted for the slightly higher speed. One important adjustment concerns the braking
system. In most cases the wagons are upgraded with elgotemmatic brake systems. Because of

this it is possible toeach a maximum speed of 140 km/h without other technical improvements. So,
the freight train can meet the allowed braking distance within the-gignal distance. If the speed is
increased up to 160 km/h, it is necessary to use a continually automaiticgratection. Therefore

0§KS f 2 02 Y 2shaped Baih ZontkdRisiuggiiaded to a cab signaling system (e. g. German
Linienzugbeeinflussung LZB, European Train Control System ETCS).

6.2.1 Current systems

6.2.1.1 Parcel InterCity

The Parcel InterCity is the sucamssf the Expressgut InterCity, which is described in the following
subchapters. This freight rail system is operated overnight to connect mail and parcel centres
throughout Germany.

The systems started in the year 2000 with the main axis Hamburg/Bré#asater to Stuttgart/
Nuremberg/Munich using the higbpeed lines HanoveyWurzburg and Mannheim Stuttgart.
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Figure6.1. Parcel InterCity network in Germany, 2001

The trains run according to a fixed #table, departing between 7 and 9 pm and arriving between 3
and 5 am in the morning. To reach a maximum speed of 160 km/h, the train consists of a 101 series
locomotive with highspeed container wagons, which are equipped with disc brakes. The train run
between Hamburg and Munich takes nearly eight hours with an average transport speed of 104
km/h. The night run causes many problems with conventional freight trains, which run only at speeds
between 80 and 120 km/h.

The Parcel InterCity trains had a verghhpriority in overnight operations to get quickly through the
network and to ensure the on time arrival in the early morning. First timetable drafts showed travel
time extensions up to 45 min for conventional freight trains. A high effort in timetaltientgation

makes it possible that the travel time extensions for slower freight trains do not affect the overall
transport quality for the customers. But nonetheless in 2010 the loss of capacity was too high. So,
the operators decided to reduce the maximwpeed to 140 km/h in order to mitigate the capacity
situation. Consequently, the track capacity usage of the faster Parcel InterCity trains could be
decreased. Some other reasons for speed reduction were high energy consumption and expensive
wagon mainteance for the Parcel InterCity trains. The system is still in operation until today.
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Figure6.2. Parcel InterCity passes through a station in Germany; source: Wikimedia Commons, author: KlausMiniwolf,
Creative Commons AttributiorShare Alike 4.0 International

Bibliography:
[Dorn2001]
[Troche2005]
[ParcellinterCity2016]

6.2.1.2 Swedish postal train

In Sweden there are dedicated mail trains for the Swedish post office, which run mainly at night. The
trains are @erated by the Swedish railway undertaking Green Cargo. The Swedish post is shipping
mainly letter products but also pallets and parcels on a smaller scale. The system consists of three
lines by using the Western and Southern main line and the East Cmast Bweden:

1 Stockholmg Malmé (Southern line)

1 Stockholmg Gothenburg (Western line)
9 Stockholmg Sundsvall (East Coast line)
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Figure6.3. Swedish postal train network, current status

In 2000 Green Carduas ordered new rolling stock, due to higher demands in transport quality by
the Swedish post office. Therefore, proven freight wagons were reengineered in order to realise a
higher speed and offer the possibility to ship swap bodies. Accordingly, thevagans can reach a
top speed of 160 km/h. Each train is lelcauled and composed of intermodal wagons for swap
bodies and covered wagons.

Figure6.4. Swedish postal train covered wagon; source: Wikime@iammons, author: Bilden tagen av Fredrik Tellerup,
Creative Commons AttributiorShare Alike 2.5 Generic

The swap bodies have side doors for easy unloading and loading in the terminals. Moreover, the

transport speed is increased by using an efficient apen strategy. For example, at midway stops

the trains diverge from the mainline into a terminal and the load and unload process only takes five
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to ten minutes. In addition, the Swedish postal trains have a higher priority in the allocation of
capacity irthe yearly timetable planning. Due to this, the trains can use express train paths and have
a priority as high as an express passenger train. This means, that conventional freight trains have to
stop to let the postal train pass. The system is still iarapon until today.
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6.2.1.3 The Royal Malil train

In 1996 the mail train system in Great Britain was restructured fundamentally. Royal Mail and the
responsible railway undertaking Rail Express System created a new concept for rail mail on the
British network. One the one hand it was set up a new networktametable for mail trains. On the
other hand the mail transport on passenger trains was stopped.

The loading and unloading of freight mail trains was getting faster by introducing a new fleet of
specialized electric multiple units (trainsets) and tirganew terminals and hubs for mail freight
(e.g. main hub in LondeWwembley). Besides the fowar multiple unit trainsets there are still
conventional locenauled mail freight trains. The new electric multiple units (British Rail Class 325)
reach a topspeed of 100 mph (161 km/h). Therefore, these trains are the fastest cargo trains in
Great Britain.

For the most amount of transport the West and the East Coast mainline of the British network are

used. With regard to the different connections, the maixes of the system are the Londgn
Warringtong Glasgow line and the LondarNewcastle line.
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Figure6.5. Royal Mail Train network in Great Britain

In each station there is a special Royal Mail termiwalere the trains diverge from the mainline into

a terminal. Inside the terminals there are platforms parallel to the main tracks, which allow an easy
loading and unloading.

The Royal Mail trains with the British Rail Class 325 are operated in tetraiailyervices. Since

1996 the operator of the trainsets changed several times, today DB Cargo UK is the railway
undertaking for this fast freight train service throughout the country. Royal Mail has high demands in
transport quality of the Royal Mail TraiA punctuality of 95 % is assumed by Royal Malil. If the train

is running late with 10 minutes or more, this will be considered as a delay. Consequently, the Royal

Mail trains must be given a high priority in the operating procedure to get through theankt
quickly. The system is still in operation today, using 15 trainsets in total.
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Figure6.6. British Rail Class 325, used for the Royal Mail Train; source: Wikimedia Commons, author: Hugh Llewelyn,
Creatve Commons AttributionShare Alike 2.0 Generic
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6.2.2 Discontinued systems

6.2.2.1 InterCargoExpress

The InterCargoExpress was an overnight transport service with a maximum speed of 160 km/h. The
train service was started in 1991 by German Federal Railway to offer a fast freight train service
comparable to the new Intercity Express network for passengers. Therefore, the new cargo trains
used the higkspeed dedicated lines between Hanover and Wurzburgymaim and Stuttgart. The
InterCargoExpress was intended for general cargo and parcel services as well as for combined
transport (CT). The train consisted of 20 faxte container wagons and was hauled by a type 120
locomotive. Some twaxle sliding wallvagons were used to transport single consignments and part
cargo.

Between 1990 and 1995 two train parts arrived from Hamburg and Bremen and were coupled
together. To the south of Hanover the coupled train continued its journey to Stuttgart. Another train
connected Hamburg and Munich directly with intermediate stops in Hanover, Wurzburg and
Nuremberg.

The InterCargoExpress ran during the night with a maximum speed of 160 km/h mostly -on high
speed lines (on conventional lines the speed was reduced to 140 kmecause LZB was not

available). After the introduction of the new higipeed network in Germany (e. g. the line Hanayer
Wirzburg), more and more conventional freight trains used these lines, mainly overnight like the
InterCargoExpress. Therefore thegative influence of the 160 km/h InterCargoExpress became
apparent. The higher speed of the InterCargoExpress led to less capacity of the whole line.

Because of this, German Federal Railway decided to reduce the freight train speed at night to a level
of 120 km/h on these lines. Due to the harmonized speed of the trains, the track capacity increased,
but the time advantages of the higher top speed decreased. In 1995 the InterCargoExpress was
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ceased for economic reasons. Nowadays the container wagoneg difitdéwrCargoExpress are used in
conventional rail freight traffic and the Parcel InterCity.
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Figure6.7. Network of InterCargoExpress in Germany

Bibliography:
[Flamig2017]
[Troche2005]

6.2.3 Systems in conceptage

6.2.3.1 XPressNet

Thed - t NBaabSia 41 a-qualityetywotkSordbe trandpei of tim&rkicalk
consignments on rail. The network was planned by actors from the transport industry like DHL, DB
Schenker, Hellmann, kombiverkehr and DUSS. More@®MNetz was involved in the development,
which made it possible to transfer the concept into the timetable design of 2010. This made it
possible to examine the concept in the light of the existing timetable.

The XPressNet trains ran on the conventiaretivork and had to be integrated into the existing
timetable and operations. The previously planned transport speed of 160 km/h was reduced to 140
km/h, in order to integrate the train paths into the timetable easier.

High speed lines were only used in in the sections HanpWurzburg and Ingolstadi Munich. For
transshipment existing combined transport terminals were selected.

The project showed that the speed of 140 km/h was sufficient to be able to offer thereeq

transport services in overnight operation. Due to the lower speed, trains could be integrated eonflict
free into the timetable structure. Moreover, it was possible to use cheaper wagon material and to
transport a wider range of loading units. So, tkieressNet system was more interesting from an
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economic point of view. However, the integration of the train paths into the timetable was very
difficult, especially in the section Hamburddanover, even though the speed of the XPressNet trains
was reducedo 140 km/h. Problems occurred in particular with train paths of conventional freight
trains with a speed lower than 120 km/h.

N7
7

KNS

Taking everything into account, the XPressNet concept underlined, that a freight train speed of 140
km/h is the technical andconomic optimum in terms of travel time. The travel time is short enough
for a competitive transport service.

Hamburg

Hanover

Osnabriick

Frankfurt
Regensburg

Landshut

Suttgart

Basel

Figure6.8. Planned network for XPressNet in Germany
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6.2.3.2 SPECTRUM

SPECTRUM was a project of the European Union to explore market opportunities for low density,

high value (LDHV) goods by using innovative rail concepts. The main focus of the project was the

analysis of carryings between terminals for intermodal transpartoutes currently dominated by

road freight. These poirtb-point connections had a high potential of light and highality goods

(Low Density High Value.DHV) over longer distances. Within the scope of the investigation several
interesting relationdor LDHV in Europe were analyzed.

Daillensg Chur (Switzerland)

Hallsberg; Copenhagen (Sweden, Denmark)
Turing Lyon (Italy, France)

Halkalic Kapikule (Turkey)
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In the concept the freight trains ran with 140 km/h maximum speed, which was sufficierash

cases. A speed of 120 km/h would be too low for the freight train to integrate easily into passenger
operation. An interesting aspect was the decision to give the SPECTRUM freight trains the same
priority as passenger trains to get through the netwqckckly.
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The carried goods were swap bodies and-¢8ftainers. The trains consisted of a conventional
locomotive combined with further developed container wagons. The authors underlined, that the
driving power and acceleration of a conventional locoiv®might not be sufficient for operation of

faster freight trains in order to reach a performance level compared to passenger trains. The usage of
two locomotives would lead to a commercially unattractive concept. So, it would be important to

find a loconotive, which could haul the SPECTRUM train in single traction, to reach a competitive
position in the freight market.
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6.3 Very fast freight rail up to 200 km/h

Very fast freight rail systems can blassified by a speed range between 160 and 200 km/h. In most
cases the trains use conventional existing infrastructure or upgraded lines. In thisveidpeed

range it is possible to use locomotive covered freight trains. In contrast to fast freigjtranas, the
adjustments of the freight wagons are more complex (e. g. bogies, braking system). When the speed
is increased to over 160 km/h, it is mandatory in most countries to use continuous train control. Due
G2 GKA&a (GKS f 202 aradedda®ab signhlingisyster® ke Liz BIEF\IM oAETCS.
Beside the conventional network very fast freight trains often use upgraded lines with a maximum
speed up to 200 km/h.

6.3.1 Discontinued systems

6.3.1.1 Expressgut InterCity

The Expressgut InterCity was a fast mail system in Germany. It was in service between 1982 and
1997. The main idea was to create a fast rail mail network throughout Germany. The Bundespost
(German federal post office) wanted to replenish their night airmail network, which was ineservic
since 1961. Furthermore, the Bundespost was interested to increase the overnight transport speed
of rail mail compared to the common rail mail trains.

The key point in this development was the start of the German InterCity network in 1979 by the
Bundebdahn (German Federal Railway). From 1979, the Bundespost converted several of its rail malil
wagons for a top speed of 200 km/h (650 cars in total). So, it was possible to replenish some
passenger InterCity trains with rail mail wagons. Most passengelQityeirains had been pulled by

the 103 series express locomotive with a top speed of 200 km/h. At night time the 103 series
locomotives were not in service. Therefore, the Bundespost had the idea to use these locomotives
for its new fast rail mail networfor overnight services to set up own rail mail trains. The Bundespost
Ottt SR (KS&aS (NIAya G9ELINB&a&TIdzi LYGISNI Aleéd

The network for the 1982 timetable covered largely the same relations of the passenger InterCity
trains running every hour during the dayrst and foremost the new network was in service in order
to transport letters throughout Germany. The letters were sorted during the transport by
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Bundespost employees. With this network the Bundespost could offer a system for the overnight
letter delivery The network was in operation until the middle of the nineties. Although the system
worked well, several reasons led to cessation of operations.
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On the one hand there have been the following problems in railway operations. The speed difference
between he Expressgut InterCity trains and the conventional freight trains was very high. In addition
to this, the Expressgut InterCity trains had long stops at many stations in between compared to
freight trains (up to four minutes). Furthermore, the ExpressgtérCity trains had a very high

priority. This was important, because the Bundesbahn wanted to avoid that the Expressgut InterCity
trains interfere with the starting passenger InterCity service in the morning. The conventional freight
trains ran with speesl between 80 and 120 km/h at night. Accordingly, the Expressgut InterCity

trains consumed a huge amount of line capacity.

One the other hand the Bundespost changed its business policy and created new Frachtpostzentren
(cargo mail centers). These cargoiheanters were designed for truck transport. Because of this, the
meaning of the Expressgut InterCity network diminished. The last Expressgut InterCity train ran in
mid-1997. So, the transport of letters by rail was cancelled in 1997. The focus of tres&eyt

InterCity changed to parcel transport. The Parcel InterCity system could be called as the the
successor of this system and is still in service today.

Bibliography:
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6.4 Highspeed freight rail with more than 200 km/h

Beside tle freight trains with speeds up to 200 km/h there is a growing importance ofdpghd

freight rail. Although some systems and approaches were discontinued or not pursued further, an
increasing number of concepts for innovative higgeed freight rail sgems are developed recently.

The speed range for these types of trains varies from 200 up to 350 km/h and more. In this category
in most cases the train types used in higffeed passenger traffic are adapted to rail freight traffic.
Therefore, the compositn of the highspeed multiple units is retained. However, the wagons for
passenger transport are modified for carrying goods. For example, many wagons are equipped with
roll-up doors and roll floors. Due to this wagon design, the most common cargo typleigliispeed

cargo trainsets are goods in air freight containers and rolling containers. During most of the trip the
high-speed freight trains use dedicated higpeed lines with maximum speeds more than 200 km/h.

6.4.1 Current systems

6.4.1.1 Fast freight trains iitChina

In China there are several fast freight trains which are already in operation or are developed

currently. The developments are driven forward by the national Chinese railway company CRH (China
Railway Higtspeed). On the one hand, there are fastditrains with a maximum speed varying

from 120 to 160 km/h, which are used for fast parcel transport. The 160 frafihs are in operation

since 2016 and thus reach the maximum speed in conventional freight traffic in China.

On the other hand, a concefir a highspeed freight train service is under development. The

Chinese train manufacturer CRRC is developing a 250 km/h electric multiple unit for the delivery of
fresh products or highevalue cargo such asemmerce goods. The train will be able tavel on all
high-speed lines of the Chinese rail network.
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Figure6.9. CRH CR400AF Fuxing Hao, electric multiple unit, used for the CRH fast delivery service; source: Wikimedia
Commons, author: N5S09FZ, Gitere Commons AttributionShare Alike 4.0 International license

Finally, the third concept is already in operation. In September 2017 the Fuxing Hao passenger trains
connect Beijing with Shanghai in 4 hours and 30 minutes for the first time. The maxjpeech\was
increased from 300 up to 350 km/h. The increase has saved half an hour of driving time. However,
the railway operator China Railway Hi§peed (CRH) does not only want to transport passengers,
but also light, urgent goods in these trains. For thispose, the trains are equipped with special
compartments that can accommodate several parcels. As space is currently limited, the transport
service is only suitable for e. g. business mail, urgent personal items or important medicines. The
customers ha® to accept restrictions, similar to hand luggage in air traffic. If the customer sends a
parcel from Beijing, it takes ten hours until delivery in Shanghai. This makes parcel transport two
hours faster than air freight. Therefore, the ten hour delivemydimakes the new parcel service the
fastest delivery service in China.
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6.4.1.2 Mercitalia Fast

The Italian Railways (Ferrovie dello Stato FS) announced a new concept fospdedeight train

system in April 2018. The system will be operated by Mercitalia, the subsidiary company of FS for
freight transport and logistics services in Italy and Europe.

With the new Mercitalia Fast service FS wants to use the Italiandpigbd networlalso for fast

freight rail. The aim is to be able to offer the customer a fast and reliable dispatch of goods. The new
service is intended for the transport of tirsensitive products such as parcels or express mail. FS will
use existing electric multiplenits of the ETR500 series for the Mercitalia Fast. The wagons will be
specially equipped for the transport of roll containers. Each trainset will consist of 12 wagons and the
total loading volume will be as large as two 747 cargo aircrafts.
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Figure6.10.. FS ETR 500, electric multiple unit, will be used for the Mercitalia Fast service; source: Wikimedia Commons,
author: Creativita & Broad Casting FS lItaliane, Creative Commons CCO 1.0 Universal Public Dediadtion

Operation will start in October 2018 with the connection from Naples (Caserta terminal) to Bologna
(Interporto terminal). The delivery time will be 3 hours 20 minutes at an average speed of 180 km/h.
In the future, FS intends to expand itstfaargo service to other terminals in Italy (cp. to figure:

Italian highspeed network). Cities that are directly connected to the Italian{sigied network are
particularly suitable for this (e. g. Turin, Novara, Milan, Brescia, Verona, Padua, Roine, Bari
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Figure6.11. Italian highspeed network; source: Wikimedia Commons, au
Share Alike 3.0 Unported
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6.4.2 Discontinued systems
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6.4.2.1 TGV postal

The Train & grande vitesse postal (TGV postal) was a joint project of the French railway company
SNCF and the French Post Office (La Poste). It has been ugetidfiddo transport intranational

mail quickly and reliably by land. For this purpose TGV passenger trains were adapted for freight
traffic. Instead of wagon doors at both ends, a single door was installed in the middle of the wagons
for loading and unloadg of roll containers. Moreover, the interior passenger equipment (e.g. seats)
and the wagon windows could be omitted. This made it possible to increase the payload. A trainset
consisted of eight wagons with two locomotives at both ends.

Figure6.12. SNCF TGV postal, electric multiple unit; source: Wikimedia Commons, author: Florian Pépellin, Creative
Commons AttributionrShare Alike 3.0 Unported

Figure6.13. SNCF TGV postal wagon interior; source: Wikimedia Commons, author: Saturne, Creative Commons
Attribution-Share Alike 2.0 Generic

The introduction of the TGV postal had several reasons. Due to the start of the passenger TGV
network since 1981 many conviional passenger trains were omitted. So, the passenger TGV
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replaced slower trains, which were also used for carrying mail. Furthermore, SNCF and the French
Post Office planned to replace air mail by creating a new, fast rail freight network.

The TGV paal mainly ran at night at a maximum speed of 270 km/h on the TGVdpigéd line

between Paris and Lyon/Marseille and have been the fastest freight trains in the world. The
GAYSGlrotS KFra 0SSy IRILWGSR (2 GKS cdidthédtadOnteaf 2 I A & G A
day between Paris and the freight distribution centers near Lyon and Marseille.

In June 2007, La Poste and SNCF announced the extension-epaaghfreight services to the entire
TGV network. But since 2014, La Poste has been disctissitegmination of the TGV postal service.
Since most TGV postal mail was sent overnight, there were problems with the maintenance window
of the French higispeed lines, which are only maintained at night. For example, this causes delays or
track closuregor the TGV postal. Moreover, the transport of urgent letters to be delivered the next
day is no longer profitable due to the massive decline in letter mail. Since 2007, the volume of urgent
shipments decreased by 50 %. The use of the trains would ondyoffiable at full capacity. In 2015

the TGV postal service has been discontinued mainly for economic reasons.
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Figure6.14. SNCF TGV postal network, 2015
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6.4.3 Systems in concept stage
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6.4.3.1 ICEG

The ICES (InterCityExpresSter) is a concept for a higdpeed freight train in Germany. The
concept is based on the ICE network, which is in operation in Gersitacgy 1991. To put it simply,

the passenger ICE 1 train is used as a-§jpged freight train with certain improvements for cargo
transport. The concept was developed between 1987 and 1993. In the 1970s and 1980s the market
share for urgent goods was ina&ng, but the bulk of the growth was covered by road freight
transport. Due to this Deutsche Bahn (German Federal Railway) and the authors of this concept
wanted to develop a concept so that the railways, especially the new ICE network, would also be
involved in express goods traffic. Interesting cargo load for theQ®@Eere e. g. medicines, chemical
products, IT systems, machines, machine parts or metal goods. Furthermore, there was a market
potential to transport books, newspapers or magazines. In a&idithe cargo portfolio of the IC&

was added by consignments from night air mail, air freight traffic and passenger baggage.
Transport and transshipment takes place exclusively by means of roll containers. The rolling
containers are handled manually ommps or lifting platforms. The transshipments is carried out at
conventional passenger platforms in the railway stations. Taking everything into account, the
preliminary investigations showed a sufficient market potential, the business case was positive.
The ICE> should have used the dedicated higieed lines of the new ICE network, which had
started in 1991. The intended relations were Hambgilganover¢ Nurembergc Munich and
Hamburge Hanoverg Frankfurtg Stuttgart¢ Munich. The aim was to link EEonomic centres in
Germany.

Figure6.15. DB ICE 1 BR 401, intended for the operation of the®ZBource: Wikimedia Commons, author: S. Terfloth,
Creative Commons NamensnennugdVeitergabe unter gleiche Bedingungen 2.0 Deutschland

The operation of the IGE would have been overnight, connecting the cities Hamburg and Munich
and the intermediate stations. The trains would have run according to timetable, departing at 8 pm
in the evening and arriving dtam in the morning. The journeys would have end either at passenger
stations, freight traffic centres, freight centres of the Federal Post or at combined transport stations.
Nonetheless, the nighime operation of the IGE on the German higspeed lies would have
worsened the operating quality, because it would have had a negative impact on the other railway
traffic. The train ride at night would have caused many problems with conventional freight trains,
which run only at speeds between 80 and 120HknThe ICHES trains would have had a very high
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