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ABSTRACT 

The urban transport infrastructure is one of the 

most important problems for the cities, and 

involves many aspects that concern to citizens, 

governments and the economical growth of the 

countries. The objective of this paper is to show 

how this issue has been studied in recent years, 

with emphasis in the use of simulation and 

optimization at the whole planning process. We 

also consider the important key topics as 

sustainability, costs and risks, mobility and 

environment impact. Some study cases are shown 

in order to clarify the concepts presented. 

Key words: Urban transport, planning, 

simulation, optimization. 

1. Introduction 

Nowadays one of the bigger problems in cities 

is the transportation system and its infrastructure. 

There have been lots of studies and research in 

recent decades trying to find solutions. In general 

there is an economic impact when countries make 

an investment in this sector. Most of the studies 

on transport infrastructure, in particular, focus on 

its impact on growth. In the past two decades the 

analytical literature has grown enormously, with 

studies carried out using different approaches, 

such as a production function (or cost) and growth 

regressions, as well as different variants of these 

models (using different data, methods and 

methodologies), the majority of these studies 

found that transportation infrastructure has a 

positive effect on output, productivity or growth 

rate Calderon & Serven (2008). One of the 

pioneers was Aschauer (1991) who, in his 

empirical study, provided substantial evidence 

that transport is an important determinant of 

economic performance. Another example is the 

study of Alminas, Vasiliauskas and Jakubauskas 

(2009), who found that transport has contributed 

to growth in the Baltic region. Another study on 

the Spanish plan to extend roads and railways that 

connect Spain with other countries concludes that 

these have a positive impact in terms of Gross 

Domestic Product (GDP) Alvarez-Herranz & 

Martínez-Ruiz (2012). In a study of the railroad in 

the United States, it is mentioned that many 

economists believe that the project costs exceed 

the benefits Balaker (2006). However, the 

traditional model of cost-benefit assessment does 

not include the impact of development projects De 

Rus (2008). In these studies focused on growth, 

we see there is a bias towards economic rather 

than social goals. That is why it is important to 

emphasize the impact of transport infrastructure 

on development and not just growth. 

Some papers that deal with economical and 

social impact are shown here. 

In order to show the subject clearly, we will use a 

systems approach, dividing urban transport 

infrastructure according to Calgary (2009) 

Urban Transport infrastructure: 

 Transportation Planning

 Transportation Optimization

 Transportation Simulation

According to this system paradigm, this paper is 

focused on the description of the research made in 

the last five years, mainly considering 

optimization, and simulation and the intelligent 

systems. The structure of this paper is as follows. 

Section 2 shows the state of the art for the general 

transportation planning issue. Section 3 is devoted 

to transportation optimization and simulation 

techniques that have been used in different ways 

in accordance with the problems they are meant to 

solve. Section 4 is about intelligent transportation 

systems and how the development of new 

technologies interacts with the whole system and 
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where they are being used. Short conclusions are 

given at the end. 

The impact that transport infrastructure has in 

increase of the quality of life can be seen in the 

next figure: 

Figure 1 Impact of the transport infrastructure. 

Three tables show some of the papers published 

about mobility and sustainability because they are 

close related. Later the other themes are shown 

along the paper. 

2. Transportation Planning 

Transportation planning covers a lot of 

different aspects and is an essential part of the 

system. According with Levy (2011), “Most 

regional transport planners employ what is called 

the rational model of planning. The model views 

planning as a logical and technical process that 

uses the analysis of quantitative data to decide 

how to best invest resources in new and existing 

transport infrastructure.” 

Phases for transportation planning 

There are three phases: The first, preanalysis, 

considers what problems and issues the region 

faces and what goals and objectives it can set to 

help address those issues. The second phase is 

technical analysis. The process basically involves 

the development of the models that are going to be 

used later. The post-analysis phase involves plan 

evaluation, program, implementation and 

monitoring of the results, Johnston (2004). 

Transportation planning involves the following 

steps: 

 Monitoring existing conditions;

 Forecasting future population and

employment growth, including assessing

projected land uses in the region and

identifying major growth corridors;

 Identifying current and projected future

transportation problems and needs and

analyzing, through detailed planning

studies, various transportation

improvement strategies to address those

needs;

 Developing long-range plans and short-

range programs of alternative capital

improvement and operational strategies

for moving people and goods;

 Estimating the impact of recommended

future improvements to the transportation

system on environmental issues,

including air quality; and

 Developing a financial plan for securing

sufficient revenues to cover the costs of

implementing strategies.

Transportation planning process in Figure 2 

Figure 2 Transportation planning process. Source 

(FHWA, 2007) 

Urban Infrastructure 

Urban infrastructure, a human creation, is 

designed and directed by architects, civil 

engineers, urban planners among others. These 

professionals design, develop and implement 

projects (involved with the structural organization 

of cities and companies) for the proper operation 

of important sectors of society. When 

governments are responsible for construction, 

maintenance, operation and costs, the term “urban 

infrastructure” is a synonym for public works.  

Road infrastructure is the set of facilities and 

equipment used for roads, including road 

networks, parking spaces, traffic lights, stop signs 

laybys, drainage systems, bridges and sidewalks. 
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Urban infrastructure includes transportation infrastructure, 

which can, in turn, be divided into three categories: land, sea, 

and air, they can be found in the following modalities: 

• Street networks, high or low-speed railway lines, together

with such as bus stops, road signs, traffic lights, parking bays, 

and so forth. This applies to all the cases cited below: 

• Infrastructure for mass transit or bike paths and footpaths

• Canals, bridges

• Ports, airports and lighthouses, etc.

Some papers published concerning transport planning are as 

follows: 

Introduction to Multi-Modal Transportation Planning 

Principles and Practices (2012), Todd Litman 

This paper summarizes basic principles for transportation 

planning. It describes conventional transport planning, which 

tends to focus on motor vehicle traffic conditions, and newer 

methods for more multi-modal planning and evaluation. 

The Research on Practical Approach for Urban Transport 

Planning. This study developed by JICA(The Japan 

International Cooperation Agency)is the result of a huge 

experience in more than 60 countries, and its purpose is to 

contribute to the formulation of medium-to long-term 

development strategies for urban transport. A schema is shown 

next: 

Some other papers concerning to planning are case studies in 

different countries and will be mentioned in section 5. 

Figure3. Guidelines for formulating an urban transport 

strategy (Source JICA) 

3. Transportation Optimization and Simulation 

The goal of transportation optimization is to identify, evaluate 

and plan enhancements that optimize the operation of a 

transportation system. With this in mind many countries have 

specific policies for this and a lot of research has been 

developed over recent years to this end. Optimization deals 

mainly with networks operation, traffic, costs, maintenance, 

sustainability, mobility and management infrastructure. These 

aspects require balance between the performance of the 

structure and the total cost accrued over the entire life-cycle.  

For instance in Worm and Harten (1996), the authors 

developed a Decision Support Model. “This model is a tool for 

the road manager to assist in generating an optimal 

maintenance plan for a road. Optimal means: minimizing the 

Net Present Value of maintenance costs, while the plan is 

acceptable in terms of technical admissibility, resulting 

quality, etc. Global restrictions such as budget restrictions can 

also be imposed.”  

There is a site that considers some principles for transportation 

optimization (http://www.jda.com/) “With the transportation 

management system market expanding, the time has come to 

clarify misperceptions and reveal the best practices in 

optimization. The Transportation Management System 

Investment must optimize beyond carrier selection and rates to 

address myriad constraints and granular functions that apply 

these three key principles: 

1. One size does not fit all

2. The details matter

3. Concurrency is king”.

Considering multi-objective optimization, there is the paper of 

Wanga et al. (2014) and proposed a bilevel multi-objective 

approach to optimize tolls in a road network. “Consider three 

objectives at the upper level: minimizing system travel time; 

total vehicle emissions; and negative health impacts, modeled 

as the level of pollutant uptake”. 

Another paper related to multi-objective is the one of 

Guerreiro et al. (2014). “In the Dial-a-Ride public 

transportation systems, each customer requirement is specified 

in terms of a pickup (origin), of a delivery (destination) and of 

a time window within it has to be satisfied. The aim is to find 

a set of routes, each assigned to a vehicle, in order to satisfy 

the set of requests, under capacity, time windows, precedence 

and pairing conditions. This paper addresses the problem with 

the aim of optimizing, at the same time, the maximum total 

ride time and the total waiting time. Then, a bi-objective 

PDPTW with a constraint on the maximum duration of each 

route is proposed and solved by a two-step approach.” 

From the network optimization point of view, it can be 

considered the next papers: 

Fancello et al. (2014) developed an integrated performance 

indicator in urban road infrastructure for evaluating network 

functionality and the impact of transport system interventions. 

The complex indicator has been elaborated using a 

multicriteria algorithm, based on concordance analysis. 

An interesting application for the optimization users is the one 

presented by Spiliopoulou et al. (2014) authors validate a 

macroscopic traffic flow model. “The reported study tests, 

validates and compares two well-known macroscopic traffic 

flow models in the special, but quite frequently occurring case, 

where congestion is created due to saturated freeway off-

ramps. In particular, the comparison includes the first-order 

model CTM (Cell Transmission Model) and the second-order 

model METANET.” 
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Travel time in a network is different in public and private 

transport, for this reason Salonen and Toivonen (2013). 

Analyzing the accessibility disparity between different travel 

modes is recognized as an efficient way to assess the 

environmental and social sustainability of transport and land 

use arrangements. “This paper aims to assess the 

comparability of different methods for calculating travel time 

by different travel modes. First, we briefly review the methods 

used in previous studies and identify different typical 

approaches, which we then compare. We use three 

computational models respectively for car and public transport 

(PT), implemented in our case study area, the capital region of 

Finland.” 

The transport issue can be seen as a transportation network, 

and in this way the relationships among the main elements to 

analyze and study, figure 4 shows these ideas. 

Figure 4 Transportation network 

Transportation networks have as it can be seen in Figure 4 a 

traffic component, in this way simulation has been used with 

success. One paper is the one of Solecka and Żak (2014). “The 

paper presents the overall methodology of designing and 

assessment of transportation solutions that result in the 

integration of an urban public transportation system. The 

proposed approach is based on the application of heuristic – 

expert design of an integrated urban public transportation 

system, its simulation with the use of a computer-based 

macro-simulation system VISUM and its multidimensional – 

multiple parameter comparison with the existing solution.” 

However, there is also the need to optimize an entire 

transportation network. There are two main methods for this, 

the exact and heuristics, though a hybrid that that combines 

them both can also be used. In most cases, though, some 

heuristic algorithms are used because of the size of the 

problems involved. This paper will show the new 

developments in this area. 

In the case of networks, some routing studies have been 

developed using either genetic algorithms hybridized with 

Dijkstra algorithms to find the shortest routes, or just some 

advanced label algorithms as the one shown in Klunder, 

(2006). 

As has already been mentioned, metaheuristics are used 

because they provide very good solutions in a short time, like 

the neural networks that are used by Yu et al (2011) 

The exact methods we are referring to include branch and 

bound, branch and cut, dynamic programming. The location 

and routing problem presented by Belenguer et al (2011) uses 

branch and cut for the design of logistic networks. In this case 

the overall distribution cost may be excessive if routing 

decisions are ignored when locating depots. In order to 

overcome this problem they propose a branch and cut 

algorithm for solving it. The proposed method is based on a 

zero-one linear model reinforced by valid inequalities. 

Berman et al (2011) gives us an example of search paths for 

service. In this paper an optimal search path is found for a 

service problem that is stated as follows: “A customer residing 

at a node of a network needs to obtain service from one of the 

facilities; facility locations are known and fixed. Facilities 

may become non operational with certain probability; the state 

of the facility only becomes known when the facility is visited. 

Customer travel stops when the first operational facility is 

found. The objective is to minimize the expected total travel 

distance”. This problem is NP-hard and a forward dynamic 

programming procedure is developed. 

A micro-simulation related with trips consider single data and 

census data, Lovelace et al. (2014), studied the statistics on 

mode and distance of travel, which vary depending on a range 

of factors that operate at different scales. With this problem in 

mind they proposed “a spatial micro-simulation approach, 

which combines individual-level survey data with 

geographically aggregated census results to tackle the 

problem.” 

Some transport simulators can be found in the following sites: 

http://www.simulatorcentral.com/index.php/simulators/transpo

rt.html 

http://www.simutrans.com/en/ 

http://www.aimsun.com/wp/ 

http://www.caliper.com/transmodeler/ 

A transport simulation table
1
: 

1

https://upload.wikimedia.org/wikipedia/commons/7/71/Simulation_T

able.JPG 
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For traffic some of them are: 

Paid: traffic flow simulators:  

- Quadstone paramics (microscopic) 

- VISSUM (macroscopic) 

- VISSIM (microscopic) 

- AIMSUN 

Free: 

- Matsim 

- SUMO (microscopic) 

- Repast 

- MAINSIM 

There are also general-purpose discrete simulation software 

packages such as SIMIO, Promodel or Flexim, as well as other 

more specific packages, such as S Paramics, or Simleader. 

The maintenance of urban infrastructure consists of a series of 

actions that require knowledge and experience about the needs 

of different types of infrastructure (bus stops, signage, benches 

etc.) to be done in the optimum manner. To achieve this, 

infrastructure can be changed, expanded and/or replaced in an 

efficient manner in order to meet the needs of the users of a 

city. 

Some papers about maintenance are: 

Hana, and Thakur (2014). In this paper authors explain the use 

of new material for maintenance since concrete, asphalt 

pavements, and ballast are removed during the re-construction 

of existing roads and have been increasingly recycled as 

aggregates for the construction of roadways. As they explain 

“This paper reviews recent research work on the use of 

geosynthetics to stabilize recycled aggregates in roadway 

construction and summarizes the main findings on permanent 

deformation, creep deformation, degradation, stress 

distribution, and/or crack propagation.” 

Another paper in the same way is the one of Corinthias et al 

(2014). “This study investigates the eco-burden effect of road 

construction in its maintenance phase along with the influence 

of above factors in shortening road life-cycle. By looking at 

previous studies which tend to focus on eco-burden in ideal 

condition of road life-cycle, this study throws new light on the 

effects of abnormal phenomena on road usage which shorten 

pavement life-performance as well as increase eco-burden 

impacts.” 

Urban transport infrastructure has a direct impact on people’s 

daily lives, which can, in a positive or negative way 

(depending on its condition), affect the competitiveness of 

people in general and the country at large (depending on the 

competitiveness of its urban infrastructure on a global level). 

There are many factors that lead to the growth of urban 

transportation, but we must not forget other important factors 

such as rural development, use of the countryside or urban 

development. 

That is why forecasting and transportation data are two other 

important topics in this section, considering forecasting as an 

important tool for designing, building, operating, and 

maintaining models for forecasting the demand for transport. 

These models are built using optimization algorithms as well 

as simulation software. 

Forecasting is used in Durango-Cohen (2007) in order to 

address performance prediction and maintenance optimization 

for transportation infrastructure facilities. 

4. Technology for the Transportation Systems 

The issue of the proper and efficient administration of urban 

transport infrastructure contains many technological, political, 

and social aspects. So it is necessary to use an interdisciplinary 

approach such as geotechnology, whereby digital technologies 

can be integrated for a spatial analysis of reality.  

Geotechnology, in other words, is presented as a new vision of 

geographic space that enhances the field of computer systems 

using cybernetic human and electronic systems for the analysis 

of physical and social Buzai (2012) and its scope is ever 

expanding geoBlog (2007). 

Some geotechnological tools are: 

 Geographic Information systems (GIS).

 Global Positioning System (GPS).

GIS integrates hardware, software and data for capturing, 

managing, analyzing and displaying geographically referenced 

information. GIS allows us to view, understand, question, 

interpret, and visualize data in many ways that reveal 

relationships, patterns and trends in the form of maps, globes, 

reports, and charts. A GIS helps us to answer questions and 

solve problems by looking at all the available data in a way 

that is quickly understood and easily shared. Some of the top 5 

benefits that GIS has to offer are the following: 

 Cost saving and increased efficiency

 Better decision making

 Improved communication

 Better record keeping

 Geographical management
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Nowadays we are living in an era characterized by 

technological advances, mobile devices are much stronger, 

more efficient and capable than they used to be and for this 

reason a new type of commerce has been created, called 

Mobile Commerce, where people can make transactions 

through their mobile device. A subcategory of Mobile 

Commerce is Location Based Commerce whereby a mobile 

device can inform its user through a GPS system certain 

information that can make the user’s life easier; for example a 

user can be informed whether he is near a gas station, hospital 

or restaurant. Thus we can see that geography and the 

technologies associated with it are connected with humans to 

such a degree that they can help us in our daily round. 

Location based m-commerce, according to Turban et al. 

(2008), can be divided into the following 5 categories: 

i. Location: the service that can determine the place

of a person.

ii. Mapping: the service relating to the creation of

maps for specific locations.

iii. Tracking: the surveillance of a person through

his/her route.

iv. Navigation: the creation of the ideal route between

two locations.

v. Timing: the calculation of the time that a vehicle

needs to cover a specific route.

The need for efficient transport networks means that their 

operation has become a primary focus, so intelligent transport 

systems have been used as tools to make this efficiency 

possible. ITS systems apply transport systems technology to 

solve problems and achieve optimum performance. 

Some example of ITS can be found in these papers: 

Astarita et al. (2014) propose an automated sensing system for 

monitoring of road surface quality by mobile devices.  

South Korea continues to lead the way in digital opportunity 

with its recent, innovative and ubiquitous city projects. Author 

Dong-Hee Shin (2009) with his paper: Ubiquitous city: Urban 

technologies, urban infrastructure and urban informatics, 

analyze and evaluate the process of design and development of 

u-city. 

Planning local public transport is done by Pensa et al. (2014), 

“This paper describes a visual tool for data analysis applied to 

a case in public transport. Our tool is based on geo-referenced 

dynamic maps, created with free Web GIS applications, and 

allows users to visualize data and interact readily with a large 

database of public transport service information” 

Vaiana et al. (2014) use GPS and other technologies for the 

road safety, by developing a road safety performance index. 

Simonyi et al. (2014) developed a smartphone application (i.e., 

an app) for facilitating the assessment of urban public 

transport services is presented and its applicability and 

versatility. Samples of the data collected and evaluated are 

presented in conjunction with public transport services in 

Budapest, Hungary. 

Campos Ferreira et al.(2014) present an innovative ticketing 

solution based on customers’ mobile devices, which intends to 

minimize the investment cost from the Public Transport 

Operators and customers’ perspective, maximizing consumer’s 

acceptance. Project was developed in Porto city. 

Vitale et al. (2014) in their words “this paper presents a 

Decision Support System that relies on a logical network 

architecture characterized by the communication paradigm 

REST and powered by the use, on Client side, of smartphones 

that today have an enormous social relevance.” 

Blaschke et al. (2014). The amount of scientific literature on 

(Geographic) “Object-based Image Analysis – GEOBIA has 

been and still is sharply increasing. This article investigates 

these development and its implications and asks whether or 

not this is a new paradigm in remote sensing and Geographic 

Information Science (GIScience)”. 

Colomina, and Molina (2014) discuss the evolution and state-

of-the-art of the use of Unmanned Aerial Systems (UAS) in 

the field of Photogrammetry and Remote Sensing (PaRS). 

Belgiu et al. (2014) in their article Quantitative evaluation of 

variations in rule-based classifications of land cover in urban 

neighbourhoods using WorldView-2 imagery, analyze “the 

increasing availability of high resolution imagery has triggered 

the need for automated image analysis techniques, with 

reduced human intervention and reproducible analysis 

procedures”. 

The iRAP project uses technologies such as GIS and GPS with 

cameras in vans for the purpose of preventing road accidents 

and, when combined with ITS, can prove to be a really useful 

tool in the hands of the agencies responsible for the urban 

infrastructure, helping them to obtain in-depth knowledge of 

the state of the urban infrastructure in order to be able to meet 

future needs through a well-defined planning strategy. The 

International Road Assessment Programme (iRAP) is a 

registered charity dedicated to preventing the more than 3,500 

road deaths that occur every day worldwide.  

A Comment 

There was more work but for lack of space was not possible to 

write down here, as environmental and social impact, 

connectivity, accessibility, security, more planning, and cases 

in many countries. 
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