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ARTICLE INFO ABSTRACT

Article history: The Rail Scheduling Tool (RST) is a tool to faeile the planning and scheduling of
Received 12 May 2016 train operations which was developed by Optym Reivamited to provide solutions
Accepted 25 July 2016 for the BHP Billiton Iron Ore supply chain. BHP Bibn is leading company in mining
Available online 29 July 2016 industry which needs solutions for its differentl reperations to carry out rail

operations smoothly and efficiently. Multiple pamers like maintenance, break down,
congestion in rail network, speed restriction étas to be taken into consideration

Keywords: when providing solutions to such problems. RST fdaaning system as it's used for
Maintenance, Rail operations, weekly, daily and hourly planning. It is a real érmystem as it uses real-time data for
Scheduling, Supply chain, generating predictions. It is a business critigatem, as if it stops working BHPB rail

operations will be affected which is critical toeth operations. This paper describes
how the application intelligently handles differgarameters of the iron ore supply
chain and generates optimal predictions for thereutmovements of trains from mine
to port. This application provides optimal solutibg using the available resources
efficiently and by reducing the congestion in thié metwork.

INTRODUCTION

RST generates detailed train route predictionsafogiven train departure template while considering
maintenance of tracks, car dumpers and loadoutedspestriction, switch clamping, meet-pass plagnin
acceleration, deceleration of the train, etc.Keatdees of this application include (a) multi-uselti-scenario
and multi-monitor system. (b) High quality visagdplication that presents data in an easy to utatetgormat.

(c) Quick response time. (d) Allows users to revand analyse their changes in a sandbox beforkshiny.
(e) Train graph displaying past and future trainvements with several useful features.

1.1. Overview of BHPB Operations:

Most of the iron ore produced in Australia is expdrto other countries (mainly China). Same is otie
BHPB 10(Iron Ore). Iron ore is exported throughpshiPort Hedland is a natural deep anchorage pdtbith
Western Australia which is perfect for shipmenttteé iron ore. Almost all the iron ore mined in Anadia is
exported through this port. The port facility catsiof two harbors: Nelson Point (NP) and Finuckstend
(FI). BHPBIO (BHP Billiton Iron Ore) also uses Pétedland for exporting their iron ore. BHPBIO mirem®
located in Pilbara region of Western Australia vhhis about 400-500 km inland of Port Hedland. Tro@ iore
is moved by railway lines from mines to Port Hedlamea. Trains get loaded with ore at mines, an@ig@ty
at the port. Trains runs loaded from mines to pad return back empty.
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1.2. Background and Need for Rail Roads:

Most of the iron ore produced by mining companesxported to other countries. Iron ore is usually
exported through ships; thus, they need a port nétural deep anchorage. Usually mining areas cuatdd
400-500 km inland of port, which generates the rfeeanoving large quantities of iron ore from mirtesport.
Large mining companies construct their own railwgek to move ore from mines to port so that theyeha
better control on the supply chain.

[1. Overview of rail network and its operations:

Fig.1. shows the overview of the Rail Network. Therminals marked with red color border in the fig.1
are the regions of mines. Loaded Trains move fromeno port. At port car dumpers are used to unlined
mines. Trains passing through the Mainline Traek @lled Mainline trains and trains passing thro8ghgle
track are called Shuttle Trains. Loaded trains pghssugh West Track and Empty trains pass througkt E
Track.

Goldsworthy Line (Single
Track)

Mainline Track (Double
Track)

Newman Line (Single

Track)

Fig. 1: Overview of BHPB Rail Network

Some of the useful terms used in Rail Operatioaslascribed below:

Cars: This is the term used to indicate the bogies afitra

Rakes: Train is divided into rakes. Mainline Train is died into 2 rakes. Each rake consists of 132 cars.

Car Dumpers: Car Dumper is a mechanism used for unloading tmesnirom the cars. Car dumper takes a
section of the track with the car and rotates iutdoad the car. Before going to car dumper theesadet
separated at split location and go to differentdtanpers for faster processing.

Loadouts: At mines the trains get loaded. These locatiors reemed after the mines they have. The
loadouts are Yandi 1, Yandi 2, Mac, Newman, Jimbte®B18, OB24.

2.1. Types of Minesand Iron Ore product mix:

Based on the iron content and the size, iron aesategorized into multiple product categoriezeSiased
category: Lumps (6-33 mm) and Fines (<6 mm). At Bitilowings are these categories: Newman Lump,
Newman Fines, MAC Lump, MAC Fines Yandi Fines. Aings, trains move at the speed of 3.5 kmph through
loading tunnels. Cars are loaded using clamp scérops the top. All trains out of Yandi mines shoulé
Direct Saleable Ore. Cars are partly loaded at Yarohd then at Yandi 2 to achieve right grade ioaaled car.
Shuttle trains move between mines to take irort@iéewman crushing plant.

2.2. Network Capabilities: Trains and Ports:

Trains: BHPB operates 450 kilometer of track that connetesnto ports. Most of the rail network is
double track. Some part of the network that caréss traffic volume is single track. 17-18 traper day in
each direction. System runs 24 hours per day, 26/ th a year. Each train needs 4 locomotives. Haadh
carries 2 rakes of 132 railcars each; thus, cagrg®d cars. Each railcar has a tare weight of aBbubns and
carries about 125 tons of iron ore. Thus, a loathechas a weight of about 150 tons. Each trainesa80,000
tons of iron ore. BHPBIO is currently producing 1:8@90 million tons per annum (Mtpa) of iron oréw8le
trains running between mines carry 67 cars pen taad are powered by two locomotives. A rake imaint
contains only one product typBorts: Port Hedland is world’s second largest iron-oret @dter Sao Luis in
Brazil (Vale’'s ore export point).The port facilityonsists of two harbors: Nelson Point (NP) and €ame
Island(FI1).There are three car dumpers at NP and(imcluding one to be commissioned) at Fl. Eacinpler
can unload 50 mtpa ore.Currently, 36-37 (sampleiligion - 22 NP, 14 FI) rakes are unloaded esy.
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Each harbor has four berths to load ships and edimer. An underwater tunnel between NP and FI
enables ore transportation from NP to Fl. Aroun&o66f ores are dumped in stockpiles and rest isctiyre
loaded into ships. Most of ships carry two produ@tsough some ships can carry either one produahare
than two products as well. The loading time pepsdhkiaround 36 hours. Most of operations at the pos
automated: car dumpers, reclaimers, conveyor systemThe automated system moves a rake fromatety
dumper and then to yard in around 2.5 hours. Eaiitar is equipped with rotary coupling. The orergiag
capacity of the conveyor belt system is 10-12K tpashour. Loaded ships depart from the harborgdt tides.
The channel from harbor to ocean is 42 km long iandkes 3 hours for ships to travel. Lump produgps
through rescreening plant before being loaded ijpssh

[11. Optimization and its challenges:

In [1], authors have explained about the integragedply chain. Iron Ore supply chain starts from
extracting, processing, loading into rails, unloadat ports and finally shipping to other countising ships.
Many operations and processes are involved inrttegyiated supply chain from mine to ship. Our agion
only focuses on the operations to be carried otwédsen the mine and port. Before providing the sofutve
need to understand the challenges and business nelgite optimizing the rail network. Planning and
Execution are the two important business procefggsgovern the material movement. Planning isccess
that deals with planning and scheduling of differparameters that are involved in the mine moviracess.
We focus on short term as well medium term planniigort term planning is done for future 7 days and
medium term planning is done for future 35 days.

\ I
Y (Loas olfevent

Fig. 2: Various events in the Rail Network

Planning consists of scheduling of departure tinoésthe trains, Rail Maintenances, End Facility
maintenances and the type of mine it should carhere are many other parameters which should atso b
considered like crew changeover, speed restrictains Tracks and the switches on the tracks naedlyi
maintenances. These will be planned and executddruhe rail maintenances. Similarly, maintenanicean
dumpers and loadouts can be categorized undeeilitiyf maintenances.

Fig.2. shows different events that are part ofrttienetwork. The following are the events whickdglace
in rail network:

» Load Out Event: This is the event where the loading takes place.

» Train Movement Event: Loaded/Unloaded travel through the rail network.

» Rakes Spitting Event: Before going to the car dumper, the rakes of thétsplit at the specified
location.

» Car Dumping Event: Loaded trains are unloaded at the car dumpers.

» Rakes Joining Event: Once trains finish loading they join again at $pecified location.

Another issue in designing the solution is the Weatondition. There might be unexpected deviatians
the weather condition which may result in distudzm for the movement of the trains. Because ofethes
deviations and disturbances the schedule thatléased for execution can be rendered inefficienewen
infeasible. This gap between scheduling and exacud a major drawback in many commercial or custom
made applications that results in a rigid scheduwiimich is not agile enough to respond swiftly tstutbances
in the supply chain. Meet and Pass is one of tladleriges which have to be addressed very carefoutlyhe
optimal solution. It is a technique where train ka$e intelligently guided when one track is ereghgr under
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maintenance or it is blocked because of certaisoreaFor example, if there is track maintenand&/est Track
at certain point then the train passing throughwest Track has to change its direction and us&#st Track.
Before moving to East track it should check whetthere is any train on that track at nearby locatiélso,
once the maintenance location is crossed it shewitth back to the west track again. This check tbalse
performed in the entire network after planning aetbre the execution of the plan.

I'V. Solution approach and I mplementation Business Objectives:

The scope of the RST project is to build a flexjldie for use rail scheduling tool that enables IRO
(Integrated Remote Operations Centre) schedulemsaiximise capacity when moving iron ore from mites
dumpers in a timely manner. Business requirememtside option to configure rolling stock consistarser
inputs, managing track possession, generatingtireal active schedule ETAs (Estimated Time of Ansya
accounting for TSRs (Temporary Speed Restricticm®) PSRs (Permanent Speed Restrictions), Planned
Maintenance, and Meet - Pass planning. The toalldhprovide Train Graphs for visualizing and anaigs
model outputs. Also, the tool should have the ghith populate downstream systems such as Raibttist.

System Inputs System OQutputs

Train Departure Times
from Port

— Detailed Train Schedule

Maint Plan

Network Congestion at Locations
Rail

Scheduling
Tool Car Dumper Congestion/Utilisation

Speed Restrictions =—————>

Configurable Parameters |

Train Locations (Dynamic) ————

Generate realist train ETAs based on plan and train actual position

Fig. 3: RST High Level Functional Diagram

Fig.3. shows the High Level Functional Diagram leé fApplication.RST R1 engine will be responsible to
create the detailed route of the train by takirgyhhseline train schedule (planned train departaresplanned
train destinations) as input. Detailed route ofntiacludes the arrival and departure time of traireach track
section in its route. The part of the applicatiohich generated the optimized result is known asnendRST
engine is based on an Operations Research techoddjee as “Discrete Event Simulation”. In thishamue,
system operations (train movements) are represerserl chronological sequence of events. Each dtraim
movement) occurs at an instant in time and marisamge in the occupancy of the resources (trackeet).
The simulation will have warm-start based on remétstatus of trains, rakes, car dumpers and loggl o

4.1. RST Algorithm modules:

The RST algorithm is architected in a very modutanner. Below are the major modules of the RST
algorithm:

Meet-Pass Planning and Deadlock Detection Module: This module uses network optimization techniques
to generate an efficient meet-pass plan. This neodldo ensures that there are no train confli@adhbcks) in
the generated solution.

Routing Engine Module: This module is responsible for generating detaitath routes while accounting
for the availability of tracks and other resources.

Data Access Layer and Reporting Module: This module is responsible for accessing all ef data and
generating reports for output.

The RST algorithm uses a relatively simple logictfee meet-pass planning of trains. Fig.4. showshiggh
level design of the meet and pass algorithm. Is dilse priority rule based logic to resolve traimftiots. It also
ensures that no deadlocks are created through éest-pass decisions. Since it performs a very aetail
simulation of train movements, we have kept thacdajmple, as adding optimization within such aailetl
simulation would make it too time-consuming to lomé in near real-time.
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Train Indicative Schedules =
Maintenance Schedules ="
Network atiributes >

—plleet-and-Pass Plans

Fig. 4: Meet-Pass High Level design

4.2. Overall flow of the Application:

To generate the detailed schedule i.e. when tlwe will reach the mine, when it will reach car duenpr
the port, analyse the scenario. On Analysing agfitio will start running the simulation engineth& engine is
already initialised reset it to default. If the @mgis not initialized, then it will start creatinge network. The
engine will work on generating the potential pdihrsthe trains. Once the potential paths are geeérake the
input parameters. Input parameters to the engimdérains and rakes current location, Current Tr&psed and
Occupancy Info, Car-dumper & Load-out Status, Maiaince Plan and the Speed Restrictions.

Is Engine bad I Network Creation I
Inttialized
"4 Run Simulation
Reset Simulation Engine ‘Generate Potential Paths

Trains and Rakes
Location Check Baseline Schedule
Place Trains/Rakes Feasibility

Current Trains Speed

and Occupancy Info
Initialize Car-dumpers & Isit x

Car-dumper & Load- Load-out Feasible? s

out Status

Prepare ETAs and Detailed ETAs and Detailed
Routes Routes
ipﬁé“ﬂ':“ﬁm""“s Initialize PITSRs
(PITSRs) Execuling RST R1 Engine

Initializing RST R1 Engine

Intelligent Meet & Pass Plan

Baseline Schedule

Fig. 5: Flow chart to Generate Detailed Schedule

Fig.5. describes the overall flow of the RST. hiitie these parameters and run the simulation engfin
will generate the detailed schedules for the trdirthe generated schedules are feasible thenpitiblished and
ETAs are prepared accordingly. If the generate@duale is not feasible then it is discarded.

Results:

As an important part of an application it providee visualization component to view the movement of
trains. The visualization component is known asifmm@raph and it shows both the actual and predicted
movement of the trains. Along with the train movetseit shows all the other entities which affeat thain
movements like rail maintenances, speed restrigtiswitch clamping. Visualization also consistshef manual
dwell and manual split icons represented on thenT@aph. This Train Graph is not read only it Isca
platform to make the necessary changes if requinedhe user. Fig.6. shows the window to add thé rai
maintenances. Modify pages are mainly meant to iiaet from the user and the analysed results enwed
from Analyse pages and the Train Graph.
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Add Rail Maintenance

ML Train Schedule | Shutte Train Schedule | Ral Mainte

Import Ral Maintenance || Import Approved M

Rail Maintenance +

End Time Track Possession Type|  Track fossession Tpe: [0 <] lirements  Continuous Possession Req.  Critical Work TP
i 0 18032015 15:3000 TOA

0 18032016 17:00:00 TOA
0 171032016 17:00:00 TOA
0 16032016 00:10:00 TOA

0 18032016 14:00:00 TOA

0 18032016 14:00:00 TOA
0 171032016 110000 TOA
0 17032016 17:00:00 TOA et T 26D
0 171032016 110000 TOA nd Time: 211032016 1900
0 18032016 1230:00 TOA Approveds °

0 18032016 18:0:00 TOA Review Status

0 18032016 17:00:00 TOA
0 18032016 17:00:00 TOA
0 171032016 11:00:00 TOA

0 171032016 09:00:00 TOA

0 1710372016 110000 TOA

0 171032016 11:00:00 TOA

0 171032016 09:00:00 TOA

Fig. 6: Adding rail maintenances

Once the user is done with adding the necessamygelsahe can either keep the changes in sandbox or
publish it to the production. Production is thelreavironment where the published changes haveeto b
executed. Fig.7. gives the glimpse of the visuéibra It represents the train lines moving from doeation to
another with time. As you can see the X-Axis repngs the time and the Y-Axis represents differenations
with the Kilo Meter markers in the rail network.o¥lg with that, the user is also provided with optio view
the train graph in different views and with diffatevisualization effects. The user can customize th

visualization as per his needs.

Bl 1rain Graph - o X

27 Data Issues

Modify  Analyse NRECIDRGETUN Admin Last Refresh Time: 20/03/2016 0721 % Production (Edit)  Manage Scenarios

Overview - [ isplay Options ] [ Colour scheme ‘E
Ay / AL/ raV I
= /
s / f / (A AL f/ / // aivi //
i J ANl J Y i & J ,J B

/,/ Y, A // // // // .. 7 / ///
G /'/ / / % / > /// : AN
AL LA
WoODSTOCK // _,—J/ /_1_J.' Y i // V4 /// /
= /1 TRT RN X
= /) / / [/ // X // Fav ,/////

/ '// / / [ / / )i

= /7)) A A NS YA
WALLA / & Ws

ot for [CRRRCHMIIRd Departures: 50 | Arrivals: 00 | Rakesloaded: 44 | RakesDumped: 00 | Tonnesloaded: 811,791 | TonnesDumped: 00 | TLO Utilisation: 21.7% | CD

Fig. 7: Visualizing movement of trains using Train Graph

Train lines can be represented based on the predlaur or the track colour. Light blue colour repents
the West track whereas dark blue represent Eask.tlh can be seen from the fig.7. that when thisre
maintenance on east track, trains travelling om teask are switching to west track and once thenteaance is
over they are switching back to their normal tra&&ame behaviour is exhibited in case of anothent@aance

on west track.

VI. Conclusion and Future Work:

In this paper we developed a tool to optimize alaoh phe rail operations using different algorithrRST
takes the input parameters and generates the auspg simulation driven algorithm. RST generatetaited
schedule based on many parameters like maintenplare Speed Restrictions, Train Locations, Train
Departure Times from port and mine and other caméiple parameters. RST also generates potentitd fou
the trains by running the optimisation engine. @t the engine can be viewed in the Analyse pagestrain
movement can be viewed using the Train Graph gé&ebray the RST. RST provides facility to plan rail
operations on daily, weekly and monthly by givirngiion to create different scenarios and analyssethGoing
forward RST can display data issue messages reiaté congestion because of the blockage in ¢teark
due to various factors such as switch clampingteaek maintenance for long time. Many more featwaas be

added or enhanced as per the custom needs sia@flexible application.
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