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ABSTRACT. 
 
The ability to simulate at the microscopic level all terminal transport processes is of 
paramount importance to ports and terminals, to the industry, to a wide range of 
multidisciplinary researchers, and to many other stakeholders.  In a microscopic simulation, 
every significant piece of equipment is modeled and tracked.  Terminal operators report 
that such detailed modeling capabilities do not exist.  Macroscopic models using container 
flow rates are available, but such models are of limited use as they cannot accurately 
describe the detailed processes occurring inside the terminal. In this proposal we propose 
the development of a detailed terminal simulation test-bed and design tool, based on 
microscopic terminal characteristics. 
 
 
BACKGROUND. 
 
A few years ago, USC faculty (P. Ioannou) and Ph.D. students, developed a microscopic 
model for an automated terminal [1], as part of a study funded by the Center for 
Commercial Deployment if Transportation Technologies (CCDoTT). The model was 
based on the Matlab and StateFlow software packages. Due the generic nature of these 
software packages, the developed model, although accurate, is very limited in its ability to 
be easily modified. It is designed and set-up for a specific terminal, with specified 
geometry and equipment, and cannot be modified for use on different terminals with varied 
geometries and equipment configurations. Moreover, computationally the model is highly 
inefficient, due to the high computational overhead required by Matlab and StateFlow. 
However, despite all its limitations, the work attracted the interest of several research 
groups in Asia, Europe and the US.  
 
Recently, Chassiakos (CSULB) and Ioannou (USC) with their students worked on a multi-
level simulation model for an automated container transfer system [2]. The simulation is 
geared towards control of the automated system, and it is performed on three levels, 
ranging from individual truck control and control of platoons of trucks, to supervisory 
control of the overall system. The simulation model is used to evaluate the concept of 
using automated trucks for transporting containers between the terminal and an inland port.  
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In 2005, through a METRANS funded project [3], Chassiakos and Ioannou working with 
Masters and Ph.D. students, developed a complete macroscopic model of terminal 
operations. The macroscopic model is based on container flows, into and out of the 
essential elements of a terminal, including inbound and outbound gates, ships, trains, 
import and export yards. The model is written in C# and it is computationally very 
efficient. The end user determines the values of a set of parameters before the simulation. 
These parameters are related to capacities and flow characteristics such as truck arrival 
rates, ship arrivals, train frequency, processing rates at the inbound and outbound gates, etc. 
The user has the ability to choose among several statistical distributions for flow 
simulation. The statistical parameters of the selected distribution are also determined by 
the end user.  All the parameters are set through a series of menus, in a user-friendly 
interface. A simple graphical representation of the basic terminal elements provides easy to 
understand visual information on the parameters that are being set. Finally, the output of 
the simulation is provided as a multi-plot graph related to all variables of interest that a 
user would like to see. The user can choose which variables to examine more closely, 
which portions of the graph to zoom-in to, which output plots to emphasize etc. The user 
can also save a selected number or all of the output variables for further study or future 
processing. In addition, after having performed a successful simulation, a user can save all 
the simulation parameters in a file for future reference and future modifications of the 
successful simulation run.  
 
Currently, the same researchers are modifying some elements of this macroscopic model 
by developing a microscopic model for selected terminal components, which will be 
interfacing with a traffic simulation model, outside of the terminal [4].  The model is again 
being developed in C#, in an object-oriented environment, and it could become one of the 
component modules within a more complete microscopic terminal model. 
 
Other current related efforts include discrete event simulation packages, such as  the 
simulation software FlexSim. The FlexSim package is a general purpose discrete event 
simulation language, with very good output graphics. Part of the package includes a 3-
dimensional representation of the discrete element flows. FlexSim, however, being a 
general purpose simulation language, is not directly applicable to terminal operations 
without significant modifications, and it is quite expensive to purchase and maintain.  
 
Specialized simulation software houses, on the other hand, use proprietary software 
developed in-house, which are again based on general purpose simulation languages. This 
can also be hard to modify and expensive to maintain, since the software developers will 
set up the simulation in-house and will usually provide a run-time version of the package 
to the end user.  
 
PROJECT DESCRIPTION. 
 
Given the lack of a sound simulation test-bed where all operations associated with a 
particular terminal can be simulated at the microscopic level, we propose that METRANS 
take the initiative to support the ongoing development of such a test-bed. The goal is to 
develop a simulation environment in which the user can define the geometry of the 
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terminal, the characteristics of the layout and equipment, specify operational characteristics, 
and run the model in order to analyze performance, simulate various effects and conditions, 
perform “what-if” analyses, etc. The software will simulate the motion of every single 
piece of equipment, and track every single container in time and space so that the outputs 
of the simulation model will be as close to reality as possible. 
 
The simulation software will be developed in an object-oriented environment. We propose 
to develop it in C#, because of our previous successful experience with this language, 
during the development of the macroscopic terminal model [3]. The software will be 
developed in stages, and will consist of various layers, as described below. 
 
The geometry layer. This will be the terminal layout definition level. The user will enter 
the essential geometric parameters of the terminal, such as the dimensions of the import 
and export yards, length of berths, length of on-dock rail, their relative location within the 
terminal, etc. If feasible, this layer will be interfacing with the user in a CAD-type of 
interface, where the user will be defining the geometric parameters through graphical 
means. 
 
The yard equipment layer. The user will define the number, location and properties of the 
yard equipment, such as cranes, transtainers, top handlers, side handlers etc. We visualize a 
software library of yard equipment which will be available to the user, in the form of a 
sidebar or drop-down menus. The equipment in the library will have all their relevant 
parameters set at default values, but the user will be able to change those and set his/her 
own parameter values. 
 
The operational layer. This is the level where the user will able to define ship arrivals, rail 
frequencies, truck arrival rates etc. This level will enable the user to run “what if” 
scenarios, by setting different ship arrival frequencies, ship sizes, truck arrivals and 
departures, inbound and outbound gate efficiencies, etc. We will look into the use of two 
alternative interfaces: either small drop-down menus enabling the user to set the 
operational parameters for each process, or the use of  large spreadsheet-like tables, in 
which the user will set information about the relevant processes all at once. The final 
interface may consist of a combination of both alternatives. 
 
The output layer. Our previous experience with the macroscopic model development has 
shown us that it is necessary that the user has the ability to display plots of many variables 
of interest. The software will enable the use to create plots of his choice in a multi-plot 
graph setting. Also the user will be able to create tables containing numerical values of the 
variables of interest at user-defined sampling intervals. If feasible, the user will have the 
choice of 2-dimensional dynamic output visualization, where containers, trucks, cranes etc. 
are displayed as 2-dimensional dynamical objects while performing their functions. We are 
not going to create 3-dimensional visualizations since they are extremely demanding in 
terms of computational power, and typically do not offer much more insight than the less 
demanding 2-dimensional visualizations.  
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A very important aspect of the software will be its ability to work with other terminal 
operation modules, such as ship loading/unloading algorithms, algorithms for sequencing 
the stacking of containers in the yard, rail scheduling modules etc. We will investigate the 
possibility of allowing the terminal simulation software work with such modules through a 
specially designed interface. 
 
Two highly qualified software engineers, with experience in object oriented programming 
will be hired to work on the software development. Each software engineer will be 
assigned to develop specific modules as described above. The overall supervision of the 
individual modules and software integration will be done by the principal investigator.  
The software modules will be thoroughly tested as they are being developed. They will 
also be tested in connection to each other, as they are gradually being integrated into the 
overall simulation tool. A marine terminal expert will be hired as a consultant to provide 
the input from the end-users’ view point, in terms of necessary functions and desired 
features.  
 
BENEFITS TO METRANS. 
 
The CSULB and USC campuses, as well as METRANS will have multiple benefits from 
the successful completion of this project. The project will enable us to build unique 
capabilities on our two campuses. Our geographic location, in close proximity to the 
largest container port in the country and one of the largest in the world, gives us a unique 
advantage in further leveraging the capabilities that will be developed from the proposed 
project. A few of the capabilities the simulation test-bed will provide us with, include: 

• Offering services to ports and terminals  
• Supporting research projects from multiple disciplines in our two campuses 
• Offering research services to research groups around the world 
• Analyzing and evaluating benefits of applying new  technologies to terminal 

operations 
• Analyzing and evaluating algorithms for port operations  
• Determining policies that will help improve existing situations 
• Performing economic evaluations, determining environmental effects, etc. 
• Attracting further funding and additional projects  
• Expanding our unique simulation capabilities to higher levels of detail, as 

computational power increases and our understanding of the complex interactions 
of all the entities within a marine terminal improves 

 
DELIVERABLES. 
 
Interim progress reports. 
Progress reports will be submitted to METRANS quarterly: 

• End of month 4 after start: Progress report 1 and demonstration of software 
• End of month 8 after start: Progress report 2 and demonstration of software 
• End of month 12 after start: Progress report 3 and demonstration of software 
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Final deliverables.  
The following items will be delivered to METRANS at the end of the project: 

• Compact Disks (CDs) with the final tested and working version of the microscopic 
terminal simulation software. 

• A completed users’ manual in hard copy form . 
• The users’ manual will also be provided on the same CDs as the simulation 

software. 
• A complete set of tested and working examples will be provided on the same CDs 

as the simulation software. 
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BUDGET. 
 
     Year 1  Year 2 TOTAL
     Budget  Budget
Salaries      
 Faculty  $11,961  $11,737 $23,698
 Students   $14,000  $7,238 $21,238
      
Fringe Benefits    $2,392  $2,347 $4,740
 Faculty    $2,380  $1,230 $3,610
 Students      
 TOTAL    $30,733  $22,552 $53,285
         
Consultants        
 Marine terminal designer  $10,000  $10,000 $20,000
         
Materials and Supplies   $1,500  $1,000 $2,500
Computers      $4,000  $4,000
Software & peripherals     $4,000   $3,000
Travel      $1,500  $2,000 $3,500
         
Contracts        
 Software development  $80,000  $40,000 $120,000
 Software engineering and user interface $80,000  $40,000 $120,000
 TOTAL    $160,000  $80,000 $240,000
         
         
Total Direct Costs    $210,733  $115,552 $326,285
         
MTDC      $100,733  $35,552 $136,285
         
Indirect Costs (43.5 % of MTDC)  $43,819  $15,465 $59,284
         
TOTAL COSTS    $254,552  $131,018 $385,570
         
Note: Year 1 ends 12/31/06 and Year 2 runs 1/1/07-6/30/07    
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