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Need for Yard Management Systems

� Yards are the nerve centers of freight railroads and play an important role in 
determining operating plans, network capacity, and car velocity. 

� At yards, incoming trains are disassembled, blocks are swapped, and new 
blocks are made. Several blocks are then grouped together to build 
outbound trains. Currently, most of the yard related planning, and yard 
management is manual and does not use computer-based decision support 
systems or optimization modeling.    
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systems or optimization modeling.    

� Optimization-based decision support systems can increase the yard 
efficiency and profitability of railroads:

– Improved yard efficiency will enable a railroad to make more blocks and increase 
the number of cards that can be handled at the yard. 

– Each additional block that can be built at a yard can reduce the network costs for 
a railroad by reducing car handlings and miles in the network.

– Increased yard throughput will also reduce the network cost.

– Reduce the manpower needed to operate yards. 



Need for Yard Management Systems (contd.)

� Our main interest in yards is from a service design perspective:
– What is the blocking capacity of a yard?

– What is the car handling capacity of a yard?

� Answers to these questions also depend upon the service design plan:
– Is a service design plan (blocking and train plan) implementable considering 

yard capacities and yard layout? 
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– Can we make some extra blocks at a yard? 

– Can we handle more cars at a yard?

� Currently, to the best of our knowledge, there do not exist any software 
systems that can provide convincing answer to these questions.

� IYSO software product is developed to answer several of these planning 
related questions related to flat yards (intermodal or otherwise). This tool 
can be extended further to assist in real-time management of yard 
operations.
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Yard Simulation Optimizer: Overview

Innovative 
Yard Simulation

Optimizer
(IYSO)

Yard Layout

Train/Block Plan

Reports

Animation
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� The yard layout and operational plan data are given as an input to 
IYSO. The user can modify the yard layout, and train/block plan data.

� The user can evaluate the yard performance using the reports and 
visual animation of events performed in the yard. 



Simulation: Events Modeled

� We modeled the following operations on classifications tracks in considerable 
detail:

– Arrival of terminating and through trains at the yard.

– Swapping of blocks to the correct tracks. 

– Switching cars of a block to the correct tracks. 

– Assembly and departure of originating and through trains.
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� Operations at a ramp track are modeled as a multi-server queue of cranes:

– Loading and unloading operations at ramp/processing tracks.

– Classification operations involving access to the ramp. 

� Operations associated with the resources:

– Movement of engines and crews in the yard. 



Simulation: Modeling Logic

� Routing of cars:

– The routing algorithm accounts for the availability of tracks in the network. 
This ensures that the trains do not collide with each other.

– It takes the physical length of the train into account, ensuring that proposed 
routes are always feasible in reality.

– It restricts the routes to those which can be taken considering the topology of 
switches.
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� Block-to-track assignments:

– Assignment of incoming trains to tracks such that the train is placed in the 
yard with the least possible number of cuts. 

– Assignment of blocks to tracks such that the expected block length fits well in 
the available track space. 



Simulation: Modeling Logic (contd.)

� Resource allocation:

– Engines and crews are allocated to events based on their priorities.

– Event priorities: Train Arrival > Train Departure > Block Swaps > Car 
Switchings.

– Time-based priority: duration for which an event waits for resources is also 
considered in assigning resources. 
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� Exception handling:

– In cases where all tracks are full or the destination track is inaccessible, we 
send cars to a special track, which we call as the expansion track. 

– The percentage of cars going to the expansion track is a good proxy for the 
goodness of the yard layout. 
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Overview of IYSO Components

Train Schedule,
Blocking Plan,

Traffic

Yard Track
Geometry

Input Data Retrieval
Review/Edit Data in Interface

• Layout Data
• Operational Data
• Resource Parameters
• Simulation Parameters

Reporting

• Usage Statistics
• Operations Overview
• Bottleneck Reports
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Crew, Locomotive, and 
Crane data

Simulation Parameters

IYSO

Animation

• Graphical Display of Yard 
Operations

• Dynamic Reports
• Detailed StatisticsDiscrete Event Simulation

Rule-Based Decision Logic

• Train Placements
• Block Swappings
• Doubling and Train Departures
• Ramp Operations
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Database Stand-Alone Java 
Application



Software Components

� Yard Topology Digitalization
 Transform the yard layout into a digital form suitable for simulation. 

� Yard Topology Annotation and Extension
 Associate characteristics to tracks (e.g., classification and ramp tracks, 

special-purpose tracks), edit layout (add and remove tracks). 

� Input Data Retrieval and Manipulation
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� Input Data Retrieval and Manipulation
– Edit and review train data, review layout data.

� Discrete Event Simulation of Yard Operations
 Simulate yard operations.

� Reporting
 Generate key statistics and reports of the simulation.

� Animation of Yard Operations



Yard Digitalization and Annotation

� We have developed a method that allows us to use an image or a CAD 

representation to input the yard topology into IYSO.

 Convert the image to a vector format using a commercial software.

 Automatically validate and import the vector representation into a database.

 Define track types (classification tracks, ramp tracks, special-purpose tracks), and 
track names through a graphical user interface (GUI).
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� Any yard topology can be imported this way from a simple image. Yard 
geometry and the associated data is stored in a database.

DB



Input Manipulation and Retrieval: Layout Data

� Yard topology is stored in a database and is retrieved when the yard is simulated. 

� Annotation tool in IYSO allows the user to specify the track type (lead, class or 
processing), and add user-friendly information such as the track name.

� This tool allows further editing of the track topology:
 Perform basic validation tests.
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 Add tracks or disable them.
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Annotation Tool Menu Track Annotation



Input Manipulation and Retrieval: Operating Data

Data related to trains and 
blocks can be reviewed by 
the user. 
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The variance in train 
arrival times and train 
volumes can be 
specified by the user. 



Input Manipulation and Retrieval: Resources

Generic parameters related to 
yard operations can be 
specified by the user.
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Number of resources (crews, 
engines, and cranes) and 
related parameters can be 
modified by the user. 



Reporting and Animation

� Key information about train movements, track usage, and resource 
usage are recorded during the simulation.

� At the end of the simulation, the recorded data is written to a database 
and displayed as reports to the user.
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� A custom-built animation shows the movement of cars during all 
classification operations as a play back.

� A set of animated charts show the key information about the yard 
performance during the animation playback.



Reporting Component
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Report 
Menu



Animation Component

Using the mouse, we can be zoom-in, 
zoom-out, or pan on the layout.

-19--19-

Clicking on a block 
gives the relevant 
information.

Control animation 
state and speed

Dynamic charts
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Case Study I: Validation of IYSO

� To validate IYSO, we compared the results of IYSO against the actual 
data for an Intermodal yard for a Class I railroad. IYSO simulated 30 
days of yard operations within one minute.

� The comparison focused on the following statistics: 

– Average dwell time of railcars

– Crew and engine utilization
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– Crew and engine utilization

– Train departure times and volumes

– Track utilization

� Yard personnel also reviewed the simulation outcome by analyzing the 
animation and approved it. 

� The results obtained by IYSO were comparable with those from the 
practice, establishing the validity of the model.



Case Study II: Designing a New Yard Layout

� IYSO was used to assess and improve the design of a new intermodal 
facility that the Class I railroad is currently building.

� The decision support system was used to:

– Validate that the forecasted traffic can be handled by the yard layout 
designed by an engineering company.

– Identify yard layout changes to improve its throughput.
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– Identify yard layout changes to improve its throughput.

– Estimate the number of crew, locomotives and cranes required.

– Determine the operating strategy to handle small-volume blocks.

� This system helped the railroad to design a very novel and rather 
unconventional layout that can handle over 15% more volume compared 
to the yard layout initially designed. 

– All recommendations provided in this study were used by the railroad in the 
yard layout under construction at this time. 
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Applications for Yard Planning

� Flat and intermodal yards cost tens to over hundred of millions of dollars 
to build; thus, the yard layout needs to be carefully designed. IYSO can 
assist in layout-related decisions when building a new yard. 

– Determine whether the new facility can handle the forecasted traffic.

– Evaluate different yard configurations.

� Support yard expansion decisions.
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� Support yard expansion decisions.

– Evaluate the number of extra tracks needed to support the increase in the 
yard volume and determine their configurations. 

� Align network service design plan and yard capabilities. 

– Evaluate different operating plans and strategies. 

� Estimate resource (crew, locomotives, cranes) requirements.



Real-Time Yard Management System

� Our various algorithms in IYSO can be adapted and enhanced for real-
time yard management for a railroad.  

� We are currently adapting IYSO algorithms for real-time yard operations:

– Block-to-track assignment decisions

– Routing decisions
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– Routing decisions

– Classification decision

– Block-swapping decisions

– Resource planning decisions

� If you are interested in learning more about IYSO or our work on real-
time yard operations, feel free to contact us. 
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