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Abstract

Intermodal transportation is a research topic of great interest at present. This paper presents a route choice analysis on an intermodal
freight transportation network. The aim of this study was to determine the optimum route and mode of transportation based on least dis-
tance and least time criteria for the movement of containers from origin to the destination. Geographic Information System (GIS) was
adopted to build the hypothetical freight transportation network and MATLAB software was used to model the travel distance and travel
time. The results showed that the model can be used effectively to identify the shortest path and modes of transportation according to

objective functions.
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1. Introduction

Transportation sector is one of the major components of
globalization and plays very significant role in daily activities and
economy of each society. In particular, freight transportation is
one of today’s most important economic activities, not only as
measured by its share of nation’s Gross National Product (GNP),
but also by the increasing influence that transportation and
distribution of goods have on the performance of many economic
sectors. The demand of freight transportation is derived from all
the activities needed to move goods from origins to the
destinations, including trade, logistics and transportation [1]. The
demand for freight transportation has increased in response to
population growth and expansion in economic activities.
Movement of goods needs infrastructure such as roads and
railways, and vehicles like trucks, trains, ships and aircrafts.
Quality, type, size and capacity of infrastructures and vehicles can
directly impact on freight transportation.

Freight transportation includes multimodal and intermodal
transportation systems. Multimodal transportation is defined as the
movement of commaodities by using at least two different modes
of transportation sequentially [2] and its transportation unit can be
in a box, container, transported via road, rail vehicles or vessels.
Intermodal freight transportation is a particular type of multimodal
transportation where loads are transported from an origin to a
destination in one and the same intermodal transportation unit
(e.g. a Twenty-foot Equivalent Unit (TEU1) container) without
handling of the goods themselves when changing modes [3]. Inter-
modality addresses the movement of goods by using different
transportation modes and it can be an ideal tool for shippers as
providing them with better routing choices based on their
requirements. According to Muller[4], the concept of logistically
linking a freight movement with two or more transport modes is
centuries old. However, recent focus on this particular type of

transportation is due to radical developments in the technology of
freight transportation brought by containerization.

Route choice analysis throughout the transport network is to find
the suitable route between two designated points as origin and
destination based on different objective functions such as travel
distance, travel time, travel cost, emission, etc. This study focuses
on finding an optimal route in terms of travel distance and travel
time criteria throughout a hypothetical intermodal freight transport
network. The research objective was achieved by applying Dijks-
tra’s algorithm in MATLAB environment to solve the shortest
path problem in intermodal freight transport networks.

2. Literature Review

Intermodal transportation includes both national and international
levels. Waterway and airway are the main modes of transport in
international intermodal transportation; whereas road and railroad
or their combination play significant roles in national intermodal
transportation. There are several research papers on intermodal
routing methods. Barnhart and Ratliff [5] discussed different
methods for determining the minimum cost intermodal routings.
Boardman et al. [6] described a decision support system that im-
plemented a robust analytical method to automate the determina-
tion of the least cost combination of transportation modes
throughout a network. Bookbinder and Fox [7] obtained an opti-
mal routings for intermodal containerized transport from Canada
to Mexico. Southworth and Peterson [8] described the develop-
ment and application of a single, integrated digital representation
of a multimodal and transcontinental freight transportation net-
work focused on intermodal freight routing which involve differ-
ent combinations of truck, rail and water transportation. Chang [9]
formulated an international intermodal routing problem as a multi-
objective multimodal multi-commodity flow problem (MMMFP)
with time windows and concave costs. Cho et al. [10] presented a
dynamic programming algorithm to draw optimal intermodal
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freight routing and applied the algorithm to real transport paths
from Busan to Rotterdam. Hu [11] modelled the system of con-
tainer multimodal transportation by using integer linear program-
ming to build the path selection for container supply chain in the
context of emergency relief. Kai et al. [12] proposed an integrated
model which enables selection of transport mode and optimize the
transport route synthetically to fit the diversification of the
transport route and transport process. Yang et al. [13] presented an
intermodal network optimization model based on the principles of
goal programming to examine competitiveness of different alter-
native routings for freight moving from China to and beyond Indi-
an Ocean.

GIS application is a very versatile tool in many fields and more
specifically in transportation and freight modeling. It is widely
adopted in freight modeling due to its abilities of displaying data
and handling of huge databases. Data display and manipulation
can be considered as simplest usage of GIS for freight analysis.
The results in GIS are in the forms of maps and usually, GIS can
be interfaced with another analytical program for the purpose of
map production. GIS models and intermodal network models can
be integrated so that it provides a generic user friendly functional
environment that enables policies evaluation to improve the cost
effectiveness among competing modes. Boile [14] developed a
framework to analyze and evaluate intermodal networks in a GIS
environment for auto and rail commuter networks. Standifer and
Walton [15] presented similar research effort but with different
methodology in intermodal network creation. They modeled in-
termodal freight transportation in GIS environment to perform
varieties of analysis through decision support system for shippers,
planning agencies and researchers. Winebrake et al. [16] also pre-
sented a Geospatial Intermodal Freight Transportation (GIFT)
model which was developed in GIS platform. This model was
applied to identify the route from an origin to destination in an
intermodal transport network for objective functions such as cost,
time and emission. Comer et al. [17] used the GIFT model for the
investigation of replacing marine vessels with heavy-duty trucks
in the U.S. Great Lakes regions.

3. Methodology

An intermodal transport network can be modelled as a directed
graph using two types of interconnected components, nodes and
arcs [18]. Nodes represent sources, destinations and transport
modal changing points (intermodal terminals), while arcs repre-
sent routes and each arc indicates one mode of transport between
each pair of nodes. In this study, road, railroad and waterway were
considered as three modes of freight transportation. Two types of
roads were taking into account which are highway and federal
road. ArcGIS was used to build the transport network. Designed
transport network is as depicted in Fig. 1. It consists of point and
line layers. Point layers include ports (sources), depots (destina-
tions) and intermodal terminal points. Point number 1 and 2 were
ports, point number 3 and 4 were depots and point number 5, 6
and 7 were intermodal terminal points. Line layers included roads
(highway and federal roads), railroads and waterways. Each arc in
the transport network was weighted with the length value based on
kilometres. Moreover, MATLAB computer software was used as a
platform to modelling the analysis based on Dijkstra’s algorithm.
The speed limit was assumed constant for each vehicle type in
each segment of the network and congestion on roads was not
considered.
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Fig. 1. Hypothetical transport network

4. Results and Discussion

In this study, two case studies were investigated. In case
1, node one was the origin and node three was the destination. In
case 2, node two was the origin and node four was the destination
point. In order to identify the optimum route, the algorithm
calculates all the possible routes from origin node to destination
point and display the least-distance and least-time path as model
results. The results of travel-distance based analysis is just
dependent on the length of each arcs of the network, while results
of travel-time based analysis is dependent on both length and
speed limit of each segment of the transport network.
The results of travel distance and travel time analysis for case
number one are depicted in Fig. 2 and 3 respectively. The analysis
showed that there are twenty-six possible routes to move from
point one to three. The result shows that the least-distance route
was path 1-5-7-3 with total distance of 600 km. This path
consisted of three segments which are: from point one to five with
railroad transport mode, from intermodal point five to seven with
road transportation by using highway and finally from point seven
to the destination point three with road transportation by using
federal road. Thus, the result of travel distance analysis is using
both train and truck as freight transportation modes. For the
purpose of finding the short path based on travel time, it is
necessary to assume speed limit for each modes of transport. The
speed limit for highway, federal road, railroad and waterway were
assumed to be 110 km/h, 90 km/h, 75 km/h and 50 km/h
respectively. Travel time for each segment of the route was
calculated according to its relationship with distance and speed
limit. Results showed that the least-time shortest path was 1-6-5-
7-3 and its total time was 6.54 hour by using truck through
highway. Although the distance of railway from point 1 to 5 is 100
km shorter than highway route, but highway route was selected for
this part of least-time route due to its higher speed. Consequently,
the travel time of highway route from point 1 to 5 is 0.36 hour less
than railway. Because of same reason, highway selected for travel
from point 7 to 3 instead of federal road(travel time of highway is
0.02 hour less than federal road).
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Fig. 2. Travel distance analysis from node 1 to node 3
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Fig. 3. Travel time analysis from node 1 to node 3

The results of travel distance and travel time analysis for the case
number two are depicted in Figs. 4 and 5 respectively. The path of
2-6-5-4 was the least-distance route with total distance 690 km for
combination of highway and railroad as transportation mode. In
terms of travel time, the route of 2-6-5-7-4 was the shortest path
with total travel time of 6.54 hour by using truck and highway.
According to the results, highway and truck have been chosen as
least-time route and mode of transport in both cases. The main
reason for this selection is the high speed advantage of highway
compared to other transport modes. However, truck and highway
cannot be considered as all-time feasible solution as it can cause
more congestion on the roads and increase the greenhouse gas
emission, especially in the case of shipment of large number of
containers.
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Fig. 4. Travel distance analysis from node 2 to node 4
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Fig. 5. Travel time analysis from node 2 to node 4

5. Conclusion

In this paper, the shortest path problem in an intermodal freight
transport network was investigated. ArcGIS was adopted to design
transport network and MATLAB was used as platform to
implement Dijkstra’s algorithm for the hypothetical intermodal
transport network. The algorithm was applied to identify the
shortest path and mode of transport based on travel distance and
travel time criteria. The results showed that the model can be used
effectively to identify least-distance and least-time path and modes
of transportation for any origin and destination points throughout
the transport network. Identification of optimum route based on
time objective is beneficial for transportation of time sensitive
goods. This model and approach can be developed to determine an
optimum route according to some other objective functions such
as travel cost and carbon dioxide emission. Transport cost is one
of the most significant factors that affect mode of freight
transportation and emission of carbon dioxide can negatively
impact on air quality. The model also can be applied to real
transport networks with consideration of network topology design
for intermodal terminal points to include its transfer time, cost and
emission in route calculations.
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