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ABBREVIATIONS AND ACRONYMS

No abbreviations nor acronyms are used in this document.
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1 SCOPE AND PURPOSE

This document describes main properties of adapted simulation software (the actual deliverable D4.2) that
has been used to create simulation models of railway operation on two selected yards (case studies) in Ceska
Trebova (Czech Republic) and Trieste Campo Marzio (ltaly). This software will further be utilised for the work
on WP6 — Business Cases - Feasibility & Simulation Tests, as well as during further development and
cooperation with optimisation module developed within the frame of WP5 — Process Optimisation.

The main purpose of the simulation software within OptiYard project is to:

mimic the real railway operation of selected yards (laboratory yard as a replacement of the real yard),
provide real-time information about the current status of the yard for the optimization module,
adopt decisions taken/proposed by the optimisation module so that these are reflected in further
state changes of the yard model and

to provide means for WP6 to assess main performance parameters (KPI) of modelled yards, so that
non-optimised and optimised operation and performance of the yards can be assessed.

OptiYard-WP4-D-UIC-001-D.4.2 Page 8 of 33 Yard simulation software for WP6
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2 SIMULATION TOOL FOR YARD SIMULATION

Simulation tool Villon (Simcon, 2012), provided by Simcon, is selected as the core of the simulation
framework. This tool was utilised to create flexible simulation models of selected yards in Ceska Tfebova
and Tieste Campo Marzio. Villon has further been adjusted and its functionality has been extended in order
to support real-time data exchange with to-be-developed optimisation module. All required evaluation
possibilities in order to fulfil WP6 tasks have been prepared as well.

Villon is a generic simulation tool, which allows microscopic modelling of various types of transportation
logistics terminals containing railway and road infrastructures (e.g. marshalling yards, railway passenger
stations, factories, train care centres, depots, airports, etc.). The simulation tool Villon is based on flexible
agent-oriented simulation architecture ABAsim (detailed description of its properties can be found in
(Kavicka et al. 2007)), which enables trouble-free extension of its functionality as well as cooperation with
other software modules (e.g. railway network module or optimization module).

Flexible definition of service technologies using customised activities and flowcharts enables creation of
models of broad range of transportation logistics terminals not limited to rail transport mode only, but
comprising also road and other transportation modes.

Railway Road Other

Marshalling Towns
Yards

Passenger

Stations

Storages

Train Care -
Centers Ground Handling on Airports

Regional
Networks

Industrial Facilities

Harbour & Container Terminals

Figure 1: Application fields of simulation tool Villon

In Villon, modelled system (e.g. railway yard or container terminal) is considered a service (queueing) system,
composed of three subsystems, with specific role in the system: resource subsystem, customer subsystem
and control subsystem.

e Resource subsystem includes Stable (fixed) resources (set of tracks, signalling system, interlocking
system) and Mobile resources (shunting or train locomotives and personnel). These resources are
utilized during the service of systems’ customers.

e Customer subsystem represents in the model the trains or parts of trains, which have to be served
(e.g. technical inspection, shunting of a set of wagons, etc.). The arrival of customers into the terminal
is modelled by input generator.

e Control subsystem consists of elements that model decision making activities and handling activities
related to execution of defined service of each customer in the terminal. Currently, priority based
algorithms are mostly employed when selecting resources that need to be assigned to a customer

OptiYard-WP4-D-UIC-001-D.4.2 Page 9 of 33 Yard simulation software for WP6
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(i.e. train). However, thanks to its flexible design, the simulation system is in such situations able to
consult (via defined interface) possible future optimisation module and ask for an advice. This advice
will then be introduced to the simulation model as a decision of the dispatcher of the yard and further
development of the simulation model will dependent on it, hopefully leading to improved
performance of the yard. Technological procedures of serving customers are defined by user-
definable flowcharts. This enables the tool to model railway yards with varying operational
procedures and thus guarantees the ability to cover OptiYard’s needs in this aspect.

In order to model all functions as defined by functional specification, data defining the entities and operations
of all subsystems have to be properly defined.

Input flow Resources Statistics
© Ui, U, Sl of modelled systems evaluations
e Arrival time, delays . .
o e, Wrseckd (Personnel, engines, tracks, (Utilization, Humped
e  Other data parking/storage places) wagons, waiting times)
Handling technology in Simulation
hape of flowchart f operati Results
S ?pe 0 . owe ?r |::> . 0 .Ope.ra ion |:> (Animation, Simulation
(Sorting of train, Unloading a (Simulation time, Random protocol)
truck, Transloading of containers) influence)
List of activities for Graphical

definition of different occupation plan

q . Track/Personnel/Loco-
handling technologies ( / /
motive occupation)

Figure 2: Main modules of simulation software Villon

The simulation software Villon meets the functional and technical specifications defined in OptiYard
deliverable D3.2 [1] and it is therefore suitable for building of non-optimized yard models.

Following functionality of existing simulation tool Villon has been extended/enhanced during OptiYard
project:

e Import of various input data from national information systems (for example: wagon list)
e Export of yard model data for optimization module in XML file format

The simulation environment in Villon is illustrated in Figure 3.

OptiYard-WP4-D-UIC-001-D.4.2 Page 10 of 33 Yard simulation software for WP6
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Figure 3: Yard model in simulation tool Villon

2.1 BUILDING A YARD SIMULATION MODEL

Depending on the type of yard model, specific data for model building are required. However, both
simulation models share important data categories that needs to be defined, reflecting respective parts,
processes and entities of the yard/terminal, namely:

e Track layout/Infrastructure model

e  Working personnel

e Mobile technical resources

e Yard processes

e Train handling/sorting/forming schemes
e Input train flow

2.1.1 Creating the infrastructure model

The yard infrastructure model is usually based on data imported from in-scale CAD-drawings. The utilization
of other railway specific standard formats describing the infrastructure is also possible.

OptiYard-WP4-D-UIC-001-D.4.2 Page 11 of 33 Yard simulation software for WP6
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Figure 4: Example of CAD-drawing ready for infrastructure import

To add missing infrastructure data (e.g.signals) or to make simple modifications to modelled infrastructure a
build-in infrastructure editor is at hand.

Figure 5: Post-processing of infrastructure data in Villon

Besides the data defining the physical shape of the infrastructure, the logical level of infrastructure has to be
prepared. The logical level distinguishes specialized track groups in the reception sidings, hump zone and
retarders, sorting sidings, auxiliary hump zone, departure sidings, storage tracks for empty wagons etc. This
is utilized to define the subsets of tracks that are available for assignment, for example only few tracks can
be used as reception tracks for incoming trains.

2.1.2 Definition of workers (personnel)

In simulation tool Villon the working personnel belonging to yard is understood as mobile resources —
resources, which are changing their location in time. The focus is put on employees servicing the trains and
shunting units outside in the trackage, e.g. the action is clearly bound to a certain train or shunting unit

OptiYard-WP4-D-UIC-001-D.4.2 Page 12 of 33 Yard simulation software for WP6
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standing on a track or moving through the yard. The personnel is specialized in different professions (similar
to other resource types, the profession is defined by assignment to groups) — each profession represents an
ability of a resource to execute defined task (full/simple break test, train loco uncoupling, etc.). The schedule,
representing the availability for work, can be set as well.

Figure 6: Editor for working personnel

2.1.3 Defining mobile technical resources

In railway yard or container terminal, shunting locomotives represent typical mobile technical resource. The
main role of the shunting locomotives is to transfer sets of wagons in yard between track groups.

[ S T——" e — - o0 x
W OMODEL DATA SMUATON ANMATON FESATS WEW TOOLS WNDOW HELP
8ot | 1 MdelDet  LovtCartig = [SreDuts B et 8 gy 1) Eaese % | 5 B @ W

SMCON 17 ersen 72845

Figure 7: Editor for locomotives used in modelled yard

Usually, following types of locomotives (distinguished by the role in railway yard or container terminal) are
modelled in Villon:

e  Hump locomotive — responsible for sorting of incoming trains over the hump

OptiYard-WP4-D-UIC-001-D.4.2 Page 13 of 33 Yard simulation software for WP6
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e  Formation locomotive — responsible for formation of new outgoing trains in classification yard

e  Pushing locomotive — responsible for wagon compression on sorting track after humping or
before train formation

e  Shunting locomotive — executing shunting operations in entire yard

In case of modelling train locomotives, the approach is different. This mainly because these locomotives do
not belong to the resources of railway yard or container terminal. The train locomotives are resources of
railway network, which has to properly manage them over whole railway network. From the point of view of
yard or container terminal, the train locomotive is considered as a customer that is to be served (uncoupling,
coupling, transfer to/from locomotive shed or directly to another train).

Modelling of other mobile technical resources within container terminals, like cranes, reach-stackers or

forklift is possible as well.

2.1.4 Defining of yard processes

The simulation software Villon contains set of predefined template activities, which cover whole spectrum
of actions found in operation of transportation terminals. Each activity has distinct set of parameters and
resources that are required for its execution.

Figure 8: Activity editor in Villon

Customized activities for creation of handling technologies with duration parameters and planned resources
employment are prepared in an Activities editor. For example, different types of technical inspections can be
prepared (with one worker, with two workers, with fixed duration, with duration depending on train length).
Parametrisation of activity “Loco coupling” on Figure 8 shows that duration of this activity is fixed — 180 sec.
To complete this activity, one shunter and one locomotive have to be present by the train.

2.1.5 Definition of train handling/sorting/forming schemes

Handling technologies are composed of prepared customised activities and are defined in specialised
graphical editor. They define (in the form of flowcharts) the succession and mutual dependences of activities.

OptiYard-WP4-D-UIC-001-D.4.2 Page 14 of 33 Yard simulation software for WP6
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Each customer in the system (trains/trucks/ships/etc.) gets a technology assigned and executed. The handling
technology can be prepared for a group of customers (the execution will however differ according to actual
customer and parameters defined) or just single customer. In order to modify the service of a customer
(train), user can modify parameters or resources of activities, change mutual dependency of activities
(change the flowchart shape) or even exchange whole technology at once (simply by assigning another
technology from the list of defined technologies to the customer).

The variety of handling technologies depends on infrastructure layouts, level of details, scope of the model,
and so on. Some samples of train handling technologies (flowcharts) from created models are presented in
Annex B.

Described formalization of train handling in simulation tool Villon provides high flexibility at implementation
phase and enables its application not only to marshalling yards and terminals, but also to other types of yards.

The modelling functionality of sorting process over a hump is available in simulation tool Villon. This feature
can be used in a marshalling yard for both, primary and secondary sorting. The wagon sorting in simulation
tool respects predefined sorting scheme, which could be changed in time or based on an event (initialization
of outgoing train for example). It is expected that the coexisting optimization module will also initiate a
sorting scheme change as part of decision-making process.

The formation of outbound group trains is another feature required during modelling of yard operation.
Villon offers building of the outbound group trains from wagon groups, accumulated in distinct sorting tracks
according to specified order. The utilization of personnel and shunting locomotives is part of this process.
The same feature will be used in case, when the trains have to be split in shorter wagon groups for delivery
to short tracks within a terminal or harbour and when these wagon groups have to be coupled again together
later.

Figure 9: Editor for defining the handling technology for customer in Villon

2.1.6 Defining the input flow

The input flow represents all incoming trains (customers) into the yard. Two basic types of incoming trains
are considered: incoming train with sorting and transit trains (part of train will be uncoupled and sorted, rest
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of the train leaves the marshalling yard). The movements of all pieces of rolling stock (with the exception of
cuts on the hump) exploit real driving dynamics.

0P]

All required data have to be defined in input flow editor. Depending on the quality of source data an import
of such data is possible too.

Sz b

Ar—

Tiede Corigerin 31

Figure 10: Editor for input flow in Villon

2.2 SIMULATION OF OPERATION

The simulation environment in Villon supports standard controls of simulation run execution, i.e. Start, Stop,
Pause, furthermore the selection of simulation speed is possible. The presentation of simulation run
execution is using on-line animation and visualisation to allow the validation and evaluation process of
simulation runs.

Following detailed presentation of status of simulation model is available:

e Status of all model components/elements (infrastructure, vehicles, resources, etc.)
e Animated output of modelled activities in 2D or 3D presentation

e Execution status of serving procedures

e Simulation log

OptiYard-WP4-D-UIC-001-D.4.2 Page 16 of 33 Yard simulation software for WP6
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Figure 11: Animation of modelled processes during simulation
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2.3 POST-SIMULATION EVALUATIONS

After the simulation run, extensive set of post simulation evaluations is at hand — these are based
on detailed simulation protocol recorded during simulation run. Besides graphical presentation of
simulation results using time dependent reports on utilization of resources, waiting times, etc.;
statistical evaluations are also provided —in the form of tables, graphs and charts (including resource
utilisation statistics and many others). Villon also offers the chance to export all collected
information to the XLS/CSV/JPG/PNG file for further processing using spreadsheet, text or graphical
editor.

At the present, the set of available evaluations is considered to be sufficient to support the work in
WP6 of OptiYard project. In case that the works on WP6 will require some additional evaluations
that are currently not present in the software, the software can be enhanced in reasonable time by
Simcon, to support timely finishing of WP6 tasks.

Post-simulation evaluations are accessible via Results centre. In order to obtain the evaluations,
detailed protocol (trace) must be recorded during simulation run. Comparison of two or more
recorded simulation protocols is also available.

Desired evaluation can be reached through following steps:
1. Selection of one or more simulation protocols
2. Selection of specific evaluation and its scope
a) Selection from saved evaluations or
b) Selection of specific evaluation + selection of entities for evaluation
3. Selection of presentation form (alphanumerical statistics, graphs, time-dependent diagram
s, colour-coded infrastructure layout)
4. Selection of evaluation time range

7 Villon - Yard Model
MODEL DATA SMULATION ANIMATION BESULTS VIEW IOOLS WINDOW HELP
T Models Mode! Dets [F Load Config ~ [ tart ~ op . T Results | @

™

s

Figure 12: Villon software Figure 13: Saved evaluations
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Figure 14: Selection of simulation protocol Figure 15: Scope of evaluation
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3. Standing trains
57 Oceupied tracks count & MV_020 Specific evaluation
3. Tracks occupied by standing tr

3% Moves on tracks

5. Served trains

3. Waiting

3 Waiting count

. Usageof useful length & MV_032
5 Roads

5 Mobile resources

5 Switches

3 Wagons

3 Trains

5 Dynamics & MV_Dda
5 Timetable

5 Storages

3 Station statistics —
5 Humping statistics HI
3 Waiting statistics

5 Technological activities

3 Technologies

s e
< >
Tracks
Name Type

MV_01a Track
& W 02 Track
& MV_03a Track

MV_0da Track

Figure 16: Example of track occupation

The evaluation possibilities in Villon are organized into logical groups:
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e Tracks

e Roads

e Mobile resources
e Switches

e Wagons

e Trains

e Dynamics

e Timetable

e Storages

e Station statistics

¢ Humping statistics

e Waiting statistics

¢ Technological activities
e Technologies

e Relations

e Simulation events

e Time measures

e Transloading

e and Graphical protocol

* X %
*

Contract No 777594

*

Statistics

- 5 Tracks
- 5 Roads
- 5 Mobile resources
- 5 Switches
- 5 Wageons
.- 5 Trains
| 5 Dynamics
. 7 Timetable
- 5 Storages
- 5 Station statistics
- 5 Humping statistics
] 5 Waiting statistics
- 5 Technological activities
- 5 Technologies
- 5 Relations
- % Simulation events
.- 5 Time measures
- ¥ Transloading
- 5 Graphical protocol

Depending on model type, not all evaluations are available. For example, a simulation
model component “Road Transportation” does not provide the evaluation “Utilization of road

infrastructure”.

A Shift Rail

without

A brief explanation of each specific evaluation that was prepared and is available for the work on

WP6 tasks is given in Annex C.

2.4 EXPORT OF DATA FROM SIMULATION
TOOL FOR OPTIMIZATION MODULE

In order to support tasks of WP5 — Process Optimisation, the simulation software Villon has been
enhanced to provide export of data to XML formats, as specified during works on WP5. The detailed
description of data scheme and formats will be part of future deliverables, so they are not presented

here.
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3 CONCLUSIONS

This deliverable 4.2 from WP4 describes the enhanced and adapted simulation tool, which meets the
functional and technical specification defined in OptiYard deliverable D3.2 [1] and was used for building the
non-optimized simulation models of yards Ceskd Tfebova (Czech Republic) and Trieste Campo Marzio (Italy).
It will be be used in the subsequent OptiYard activities of WP5 "process optimisation" and WP6 "business
cases, feasibility and simulation tests".

The simulation software itself is the main part of this deliverable. The possible ways to obtain the software
including models of both case study yards are stated in Annex A.
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Annex A VILLON SIMULATION SOFTWARE
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Developed simulation models of Trieste Campo Marzio and Ceska Tfebova yards are provided as a
downloadable setup file that can be accessed on following address:
http://www.simcon.sk/downloads/OptiYard/VillonOptiYard20181129 Setup.exe

This software and accompanying models represent the main part of the deliverable D4.2 of OptiYard
project WP4.
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Annex B EXAMPLES OF HANDLING PROCESSES IN THE

YARDS

Examples of trains handling in marshalling and harbour yard

e Example of handling for inbound trains in marshalling yard

e Example of handling for outbound trains in marshalling yard
e Example of handling for freight trains in harbour yard

e Example of handling for transit freight trains in harbour yard
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2. Enter model from Brno (Pn - 80 3. TM Inbound track from Brno -
km/hod) Reception Yard - Pn

1. Start —e= 4. Resource Assignment

5. Resource Movement (Transiteur
(Transiteur in reception yard)

I : 6. Create sticks - T min 50« 7. Resource Release (Transiteur in
in reception yard)

reception yard) - 0 min

16. Delivery of the train " -
SrEEE (e - 5 [E::ml;\'::.:ce Mo\{zr:;;:d] 13 Resource::)l::e (Shunter 3, 72 ST i e E = 10. Loco Uncoupling (arriving
min 135 U

train) - 1 min
\ -
\ 11, Loco Release (arriving trzin)

17, Technical inspection
{reception yard)

14. Resource Assignment
(Examiner in reception yard)

18. Resource Release (Examiner in 23, Resource Release (Transiteur 24, Resource Assignment 25. Resource Mavement (Shunter
reception yard) in reception yard) - 5 min (Shunter 3. group) 3. group)
»
22, Finalization of train control - 1
min

19, Resource Assignment

20. Resource Mavement
(Transiteur in reception yard)

e P — = 21. Control of train set ——fe=

36. Loco Release - ZC1 - Old

26. Prepare To Humping
/ “\
- _ 34, Loco Uncoupling - ZC1 (only . _ 32. SM from reception yard to 31, Securing train set off P . .
38. Finish ~s——— 37, Train Leave Model iR =0 ~~=—— 33, Primary Humping --—— teed tracks {reception yard) - 48 5 ~a—— 30. Loco Coupling - ZC1 - 1 min ~——
ey -
35, Resource Release (Shunter 3.
group)

8. Resource Assignment (Shunter
3. group)

9, Resource Movement (Shunter
3. group)

27. [6] Prepare To Humping
(waiting x120s)

28. Loco Assignment - ZC1

Y

29. Loce Movement To Client -

rig)

Figure 17: Example of handling for inbound trains in marshalling yard
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26. Reverse vehicle hesd —— ource Movem

(Trensiteur in sorting yard)

44, Resource Movement

45 Brake test (sorting yard) ~~———
= zorting [Examiner in sorting yard)

43. Resource Assignment
{Examiner in sarting yard)

46. Resource Release (Examiner in
soring yard)

50. Resource Releaze (Transiteur

& Resource ment {Shunter 5. Resource Mavement (Shunter - 8. Loca Uneoupling - 22 fficive] 10 Lae e 2 e —————
- Margir) Margir} -0 min taca
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1. Start — e 2. St Flag on Train's Track — e 3. Loco Assignment - ZC2 5. Comp 1. Couple cuts mEM e_::a (Shunter
\ o =
6. Loco Movement To Client - €2 ———— e - -2 c”“pll')"!';."nzcz (fietive) -
20. Razource Relesss (Transitsur Py ——— 12, Rezource Movement 17. Resourcs Assignmnt
in sorting yard) - § min {Trensiteur in sorting yard) (Transiteur in sorting yard)
25. Resouree Release (Transiteur P ——— 23. Resource Mevement 22 Resource Assignment 21. Resource Release [Examiner in 16. Technical inspection {sorting 15. Resource Mavement 14 Resource Assignment
CEVIS) - 0 min yEE (Trensiteur CEVIS) (Transiteur CEVIS) sorting yard)

yard) (Bxaminer in sorting yard) (Examiner in sorting yard)

30. Resource Release (Transiteur

——~ 25 Service documents ——~ - . .
in sorting yard) - 5 min

31 Resource Assignment
(Transitzur CEVIS)

32 Resource Movement
{Trensiteur CEVIS)

34 Resource Release (Transitsur

CEVIS) - 0 min

———# 33 [NFO [system) - 15 min ————— =

42. Resource Relzase (Shunter -
Margir)

41. Securing train szt off (sorting

42=

40. Loco Coupling - trsin
e E—

39. Loco Movement To Client -
locomotive - 1 min

train locomative (Praha)

—-— -

36. Loco Assignment - train
locomotive

35. Resource Assignment

[Transiteur in sorting yard)

38. Resource Movement (Shunter

37. Resource Assignment
- Margir)

(Shunter - Margir)

(S

49, Delivery of the train

‘_____f"" in sorting yard) - 5 min

51. M Sorting Yard - Deparure

Yard {Praha)

52. Wsiting {For Departure Tims) ———#=

53 Track assignment - Cutbound

48. Execution of the train
documents

A7. Resource Movement
documents (sorting yard) - 1 min

(Trensiteur in sorting yard)

54. TM Departure Yard -
Qutbound track to Praha (Pn)

— - —= 55 Train Leave Model ——= 56. Finish
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9. PERMIT - Molo V [Assignment}

10. BERMIT - Trieste Campo
Marzio (Assignment) - Priority 2

11. Duration technolegy TCM -
Mole] - Start

12 Loco Assignment - Shunting

13. Shunt Loco Movement
FROM _. TO Tracks £495. 2661

8. Waiting (Till Time)

3. TM FROM Triest Centrale TO
Trieste Campo Marzio (19-24)

4 Standing (30 sec)

7. Loco Release - Train
Locomotive

15. Shunt Loco Movemen:
FROM . TO Marshalling Yard (¥}

2. Enter modsl From Trieste
Centrale/Villa Opicina (50 km/
had)

5. SM Movement 30m

6. Loco Uncoupling - Train
Locomative 3 min)

16. Loca Coupling - Shumting
Locomtive (1 mind V'

19, PERMIT - Varco 3
(Assignment)

22 Change Direction (30 sec]

23 5M FROM Tracks (Group PI TO
Varco 3

26 Waiting For Balice (1 min)

27. Track Assignment (Mela V/ 13}

30. 5M Malo V.

20. Duration mevement (TCM -
Molg) - Start

21.5M FROM Marshalling Yard
TO Tracks (Group P)

24, PERMIT - Varce 3 (Release)

25. PERMIT - Trieste Campo.
Marzio (Release)

23.5M FROM Varco 3 TO Molo V.

29, Split train

36 Waiting (Till Time)

35 Transloading Molo V (240
min)

37. PERMIT - Trieste Campo
Marzio (Assignment) - Priority 1

39 Join train

43 DERMIT - Molo V/ (Releasa)

45. Waiting For Police (1 min)

46. PERMIT - Varco 3 (Release]

38, Duration technology (Malo -
TCN) - St
40, Simple Break Test (5 min}
41. Duration mavemant (Mola -
42. PERMIT - Varco 3
(Assignment)

44 5M FROM Molo V=VI TO
Vareo 3

47.5M FROM Varco 3/4 TO Tracks
(Group )

56. Reversz vehicle head

60. Loco Coupling - Train
Locomative (1 min.)

61. Complete Braak Test (10 min)

64 Train Leave Model

57. Loco Assignment - Train
Lokomotive

58. Waiting (3 min)

59, Train Loco Movement FROM
Depo TO Marshalling Yard

62, Waiting (Til Time) - Departure]

63. TM FROM Trieste Campo.
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e Crenge i G0se) Tesmpe Ty SR B B ot M vy | 48 Crangs iecion B ) & s
34 Duration technology (TCM - 33 Loco Relzase - Shunt 50 Duration movement (Molo - 51.Loco Uncoupling - Shunt
Melo) - End Locomative V' TCM) - End Locomotive (1 min.) V'
53, System action (1 sec) 2 DE:TF'IW EZE""W
54 Loco Release - Shunt 55 Duration technology (Molo -
Locomotive V
Figure 19: Example of handling for freight trains in harbour yard
1. Start 4, Standing (30 s2¢) 5. SM Movement 30 m T LT BELa = T 13. Simple Brazk Test (5 min) 16. Train Leave Madel 17. Finizh

2. Enter model From Servola (30
km/hod])

3. TM FROM Servela TO Trieste
Campo Marzio [(15-24)

6. Loco Uncouwpling - Train
Locomative {2 min)

Locomeative (1 min.)

11. 5M Mowve Train Loco to Other

Train End

14. Reverze vehicle head

15. Th FROM Trieste Campo
Marzio TO Trieste Centrale
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Figure 20: Example of handling for transit freight trains in harbour yard
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Annex C BRIEF EXPLANATION OF AVAILABLE EVALUATIONS
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C.1. EVALUATION - TRACKS

Following evaluations for tracks are available:
1. Utilization - state ,,occupied*
Utilization - state ,,occupied* + ,,reserved*
Number of state changes
List of track occupations
List of standing trains per track
Count of occupied tracks + Percentage of occupied useful track length
Count of tracks occupied by standing tracks + Percentage of useful track length occupied by
standing trains
8. Moves on tracks
9. List of served trains — standing trains + drive-through trains
10. Waiting times for track (track reservation or route setting)
11. Count of trains waiting for a track
12. Usage of useful length per track (train length versus useful track length)

NouvesEwN

Utilization, Min, Max - Summary Teble Chat  Graphic GDIvisualisation DirectX visualisation
Mo . w u oE =
Fexr Free Reserved Ocaupied Blocked Other
13 dayés) ON4T:31 OBO00D 25day(s) 141828 0B00:00 00:00:00
i 32.80% 000 % 620% 000% 000%
00:0:03 00:00:00 01:33:56 Cannot calculate  Cannot calculate
2dsy(s) 142950 000000 2dsy(9) 122327 Connotcalculate  Cannot calculste
w0
1day(s) 161030 000000 Tday(9) 234921 0000:00 00:00:00
17.32% 000 % 8266% 000% 000%
010342 00:00:00 06:36:19 Cannot calculate  Cannot calculate
£ MV 06:34:54 00:00:00 2 day(s) 12:23:27 Cannot calculate Cannot calculate
2day(s) 122719 000000 Tday9) 033241 0000:00 00:00:00
Row2 26.06% 000% T 000% 000%
£/ M D1a 00:00:03 00:00:00 05:28:08 Cannot calculate Cannot calculate
17:38:48 00:00:00 1day(s) 00608 Cannot calculate _ Cannot calculate
£ WNIL0Zs 2day(s) 12145 0R:00:0D Tday(s) 043874 00:00:00 00:00:00
5.59% 000% T4a % 000% 000%
00:09:31 00:00:00 01:38:56 Cannot calculate  Cannot calculate
Fwis 1415:20 00:00:00 Tday(s) 141010 Cannot calculate _ Cannot calculate
6dayls) 034147 0B00:00 3dayl9) 06:1812  00:00:00 00:00:00
£0s 8.25% 000 % n75% 000% 000%
15:08:37 00:00:00 07:2404 Cannot calculate  Cannot calculate
2dayls) 142950 0B00:00 1day(9) 09:3545  Cannot calculate __ Cannot calculate
Figure 22: Track occupation. — time-dep. diagram Figure 21: Track occupation — table form
o 8 Saturday, 20/10/20'9 13 14
ow
Wi wal_o1a : T "
ETS WL_0za
E2VIL03 Ml_p3a 7T
e wi_o4a
o 14 Saturday, 20/10/2018 16 17 18 19 20
ow
N w01z : T " T " : 1 1
= woza [
220z w02
VLo w_bda

Figure 23: Track occupation — usage of useful track length
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Figure 24: Utilization of track — presented on colour coded infrastructure layout

C.2. EVALUATION — MOBILE RESOURCES

Following evaluations for mobile resources are available:
1. Utilization - different states (moving, delay, work, etc.)
2. Travelled distance of mobile resources during their duty (useful for locomotives or other ve
hicles)
Number of mobile resources in specific state (number of persons in “work” state)
List of served trains by selected mobile resource
Infrastructure occupation by selected mobile resource (for locomotives)
Waiting times for mobile resource
Count of trains waiting for mobile resource
Personnel available at specific location - modelled area was divided in more locations

O NOUL AW

8 Salurday, 201102018 9 10 1 12 13 14

Shunting Locomatie
o

Smunting Locomatns
4]

Smunting Locomams |77
4]

Figure 25: Work of two shunting locomotives (states: avail, assigned, moving, work, delay, release)
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Figure 26: Infrastructure occupation by shunting locomotive

C.3. EVALUATION — SWITCHES

Following evaluations for switches/points are available:
1. Occupation time of selected switches
2. Count of switch occupations and settings to other position
3. Times, at which the switches were set to other position

544 % W Occupation count
" % [ Setting count

Count

(]| I i

0
ANDS >0 >25 0046 111 120 127 18 189 2 207P 218 224 234 241 251 277 289 298 305 323 139 4 5B 73 MI3 M2 MVZ2 WVIES 1 TEZ TESO
Switches

Figure 27: Count of switch occupation and settings to other position

C.4. EVALUATION — WAGONS

Following evaluations for wagons are available:
1. Trace wagon — list of occupied tracks on timeline
Time spent in station (from model entry till model exit)
Time spent in specific track group (e.g. reception sidings)
Activities executed on selected wagon
Change of wagon weight — evaluation of loading and unloading procedures
Infrastructure occupation by selected wagon — presented on infrastructure layout

ouhswWN
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C.5. EVALUATION — TRAINS

Following evaluations for trains are available:

1.

©ONOUHWN

List of inbound trains that have entered the model

List of inbound trains that have entered the model including the wagon list
Time difference between supposed and real end of inbound train service
List of outbound trains that have left the model

List of outbound trains that have left the model including the wagon list
Time difference between supposed and real end of outbound train service
Travelled distance of train

Count of moving trains at same time

Train trace — list of occupied tracks on timeline

10 Infrastructure occupation by selected train — presented on infrastructure layout
11. Infrastructure occupation by selected train complemented by movement activity
12. Graphical timetable for selected network part

C.6. VALUATION — DYNAMICS

Following evaluations for train dynamics are available:

1.
2.

Plot of train movement dynamics — travelled distance/speed
Plot of train movement dynamics — time/speed

Running dynamics

115
# — Travel speed

% — Maximal speed
105 # — Relative height
100

110

Speed (kmih]
[w]yBray aapeiay

] 320 640 960 1,280 1,600 1920 2240 2,560 2,880 3,200 3520 3840
Travelled distance [m]

Figure 28: train movement dynamics — travelled distance/speed diagram
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C.7. EVALUATION — TIMETABLE

Following evaluations for timetable are available:
1. Train delays related to selected tracks
2. Development of train delays over selected network part — tendency (increasing/decreasing)
3. Train delays related to selected group of tracks

C.8. EVALUATION — STATION STATISTICS

Following evaluations for station are available:
1. List of train arrival/departures on selected tracks
2. List of train arrival/departures on selected group of tracks
3. Number of trains that entered/left the simulation model
4. Number of wagons that entered/left the simulation model

[# — Amval
|® — Departure

Count

3

T Py
2010 2010 2110 2110 2110 210 210 2310 2310 2410 2410 2410 2510 2510 2610 2610 26.10 2710 2710 2810 2810 2910 2910 2910

0800 1600 0200 1200 2200 0800 1800 0400 4400 0000 1000 2000 0600 16:00 0200 1200 2200 0800 1800 0400 1400 0000 10.00 2000
Simulation time

Figure 29: Number of trains that entered/left the model in specific time intervals

C.9. EVALUATION — SORTING STATISTICS

Following evaluations for sorting in marshalling yard are available:
1. Wagon count sorted over the hump or during the flat humping in marshalling yard
2. Train count sorted over hump or during the flat humping in marshalling yard
3. List of wagons sorted over hump or during the flat humping in marshalling yard

C.10. EVALUATION — WAITING STATISTICS

Following evaluations of waiting times are available:
1. Waiting times for tracks (reason: unable to reserve track or set a route to destination track)
2. Waiting times for mobile resources (reason-unable to reserve personnel/locomotive)
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Summary statistic

Value

3. Total time
3. Total count of waitings

1 day(s) 21:37:57
120

. Average time 00:22:48

3 Minimal 00:00:01

3. Maximal 01:16:16

Client Group Resource Reason From To Duration Location
&‘ MO7TO3 Shunting locomotive Shunting Locomotive 02 Me Resource Available 20/10/2018 19:00:00 20/10/2018 19:10:53 00:10:33
& MO5T02 Shunting locomotive Shunting Locomotive 02 Me Resource Available 20/10/2018 21:45:00 20/10/2018 21:50:51 00:05:51
& MO7TO1 Shunting locomotive Shunting Locomotive 01 Me Resource Available 20/10/2018 22:45:00 20/10/2018 23:00:55 00:15:55
& MO7T11 Shunting locomotive Shunting Locomotive 02 Me Resource Available 20/10/2018 23:00:00 20/10/2018 23:06:00 00:06:00
&’ MOSTO4 Shunting locomotive Shunting Locomotive 01 Me Resource Available 21/10/2018 06:45:00 21/10/2018 06:5%:31 00:14:31
&' MO5TO3 Shunting locometive Shunting Locomotive 01 Me Resource Available 21/10/2018 10:00:00 21/10/2018 10:1.2:24 00:12:24
&' MO5TO02 Shunting locometive Shunting Locomotive 02 Me Resource Available 21/10/2018 21:45:00 21/10/2018 22:06:39 00:21:39
&' MOTTOS Shunting lecomotive Shunting Locomotive 01 Mo Resource Available 22/10/2018 08:00:00 22/10/2018 08:00:04 00:00:04
&' MOETOS Shunting locometive Shunting Locomotive 01 Mo Resource Available 22/10/2018 09:00:00 22/10/2018 0%:01:44 00:01:44
&' MOSTO3 Shunting locometive Shunting Locomotive 02 Mo Resource Available 22/10/2018 10:00:00 22/10/2018 10:00:26 00:00:26
&' MO7T02 Shunting locometive Shunting Locomotive 01 Mo Resource Available 22/10/2018 12:00:00 22/10/2018 12:28:04 00:28:04
&' MOETOE Shunting locometive Shunting Locomotive 01 Mo Resource Available 22/10/2018 16:45:00 22/10/201817:11:48 00:26:48
&' MOSTO4 Shunting locometive Shunting Locomotive 02 Mo Resource Available 22/10/2018 17:00:00 22/10/2018 17:13:30 00:13:30
&' MOETO1 Shunting locometive Shunting Locomotive 01 Mo Resource Available 22/10/2018 18:10:00 22/10/2018 18:11:50 00:01:50

Figure 30: List of waiting times for shunting locomotives

C.11. EVALUATION — TECHNOLOGICAL ACTIVITIES

Following evaluations of technological activities are available:
1. List of all executions for selected activity

Activity / Train Start End Duration Last train Technology ~ Technology Start Techn. node ID
Simple Break Test (5 min.)
dze MOGTO1 20.10.2018, 9:02:14  20.10.2018, %:07:14 00:05:00 MOETO1 20/10/2018 08:00:00 58
dne MOTTO3 20.10.2018, 2:47:01 20.10.2018, &:52:01 00:05:00 MOTTO3 20/10/2018 09:00: 58
e 502 20.10.2018, 11:17:37  20.10.2018, 11:22:37 00:05:00 502 20/10/2018 10: 279
s MOBTOE : 20.10.2018, 11:38:44 00:05:00 MOETO6 20/10/2018 11:00: 58
dae 503 20.10.2018, 12:51:36  20.10.2018, 12:56:36 00:05:00 503 20/10/2018 12:30:00 279
dsa 505 20.10.2018, 14:31:36 20.10.2018, 14:36:36 00:03:00 503 20/10/2018 14:10:00 279
dne 504 20.10.2018, 161712 20.10.2018, 16:22:12 00:05:00 504 20/10/2018 155500 279
daa MOTTT 20.10.2018, 16:26:05  20.10.2018, 16:31:05 00:05:00 MOTT11 20/10/2018 16:00:00 58
e MOSTO1 20.10.2018, 18:02:14  20.10.2018, 18:07:14 00:05:00 MOSTO1 20/10/2018 17:00:00 58
s S06 20.10.2018, 18:16:57  20.10.2018, 18:21:57 00:05:00 508 20/10/2018 17:55:00 279
dss MOBTOR 20.10.2018, 18:22:24  20.10.2018, 18:27:24 00:03:00 MOETOE 20/10/2018 11:00:00 49
dme MOTTO3 20.10.2018, 19:33:16  20.10.2018, 19:38:16 00:05:00 MOTTO3 20/10/2018 0% 147
dae 507 20.10.2018, 19:35:15  20.10.2018, 19:40:15 00:05:00 507 20/10/2018 1% 279
s MOBTO3 20.10.2018, 20:30:37  20.10.2018, 20:35:37 00:05:00 MOBTO3 20/10/2018 20 58
s MOTTOS 20.10.2018, 21:15:24  20.10.2018, 21:20:24 00:05:00 MOTTOS 20/10/2018 20 58
dse MOTTOS 20.10.2018, 22:00:16  20.10.2018, 22:03:16 00:03:00 MOTTO8 20/10/2018 21: 58
dse MOSTO2 20.10.2018, 22:17:19  20.10.2018, 22:22:19 00:05:00 MO5T02 20/10/2018 21.. 58
dne MOTTO1 20.10.2018, 23:18&:52  20.10.2018, 23:23:52 00:05:00 MOTTO1 20/10/2018 21 58
e 508 20.10.2018, 23:24:50  20.10.2018, 23:29:50 00:05:00 508 20/10/2018 22:55:00 279

Figure 31: Activity “Simple Break Test” — list of all executions
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C.12. EVALUATION — TECHNOLOGIES

0P ol riRa

Following evaluations of handling technologies are available:
1. Train handling grouped by technology
2. Train handling grouped by train and time

8 Waiting (Till Time)

2. Enter model From Trieste:
Centrale/Villa Opicina (60 /'
hod)

9. PERMIT - Molo V {Assignment)

10. PERMIT - Trieste Campo
Marzio (Assignment) - Priority 2

1. Duration technology (TCM -
Molo} - Stark

12. Loco Assignment - Shunting
Locomotive (V)

13. Snunt Loco Movement.

15. Shunt Loco Movement
FROM .. TO Tracks 495, £661 FROM ... TO Marshalling Yard (V)

17. Control - Shunter From
Adriafer (6 min)

14. Change Direction (30 sec) 18. Simple Break Test (5 min)

Figure 32: Executed technology—-flowchart Figure 33: Executed technology-activities on timeline

C.13. EVALUATION — RELATIONS

Following evaluations of relations in marshalling yards are available:
1. Assignment of relations (set of wagon destinations for outbound trains) to tracks in sorting
sidings of marshalling yard

C.14. EVALUATION — SIMULATION EVENTS

Following evaluations of simulation events are available:
List of important events during simulation run (start of movement, train delay, unable to assign
personnel to train, etc.)

C.15. EVALUATION — TIME MEASURES

Following evaluations of time measures are available:
1. Average/Min/Max time between two time measures points set in technology
2. Detailed list of time intervals between two time measures points set in technology

C.16. EVALUATION — GRAPHICAL PROTOCOL

Additionally, a custom mix of evaluations that are presented in one graphical time-dependent
diagram is available.
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