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Abstract 

The analysis of urban freight traffic is a difficult research area, due to the following major reasons: a big number of factors that 
prevent a clear definition of its characteristics and lack of data regarding the traffic flows, classification of vehicles, vehicles 
routes etc. The above influence on problem with analysis of the efficiency of urban freight transport measures. Computer 
simulation could be significant helpful in this area. The main objective of this paper is to introduce usability of cellular automata 
as the tool for simulation of traffic in urban freight transport systems. The basis of the analysis will be the example of utilization 
of loading/unloading bays. Presented simulation will help to analyse the efficiency of this measure as well as its potential 
influence on city environment. 
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1. Introduction 

The analysis of urban freight traffic is a difficult research area, due to a number of factors that prevent a clear 
definition of its characteristics and lack of data regarding the traffic flows, classification of vehicles, vehicles routes 
etc. Additionally, an important role in it plays the human factor and problems with clear definition of human 
behavior. The above influence on problem with analysis of the efficiency of urban freight transport measures and its 
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traffic, which would reduce the popularity of the measure for residents. However, this might be compensated by the 
noticeable improvements for residents and passenger car users of the street due to the reduced traffic congestion 
(Lückenkötter et al. 2013).  

Interesting example of successful implementation of loading/unloading bays is Goteborg, Sweden. The City of 
Goteborg has changed regulations of one way traffic on certain streets, making it easier for transport suppliers to 
plan distribution routes. As part of the scheme, monitoring of compliance to the rules was intensified for a couple of 
weeks, which turned out to be of big importance. A number of streets in the inner city have been rebuilt to areas 
with no parking, but access for all kinds of transports for passing (on the prerequisites of the pedestrians) and 
loading/unloading at any spot along the street. Two streets where access for distribution vehicles is critical have 
been turned into pedestrian streets, where only authorized traffic are allowed to enter, and only during certain time 
windows (24:00-11:00). An important measure are obstacles preventing traffic from entering these streets outside 
the time windows. Length restrictions have been implemented in the most central area of the city, where vehicles 
longer than 10 meters only are allowed to enter between 06:00 and 08:00 AM. The Freight network (consisting of 
over 20 stakeholders from transport suppliers, property owners, associations, retailers, university and the 
municipality) has played an important role in the process. Finally, the City of Goteborg has implemented pilot 
loading/unloading bays in 3 areas (approximately 2 km2). In each area 5 new bays have been dedicated for the 
participants. This project was realized as joint activity of the Traffic & Public Transport Authority, Swedish Road 
Haulage Association and Haulage Companies (GB Framåt, Posten, TGM, Bäckebols åkeri, Stadens Bud, Carlsberg) 
(C-LIEGE… 2012). 

During realization of international project C-LIEGE (http://www.c-liege.eu/) two experimental loading/unloading 
bays were implemented in Szczecin, Poland. The impact estimation of this measure was based on the fact that a road 
stretch of about 1.25 km will be relieved of freight vehicles “parked” (usually with engines running) in the street due 
to the availability of the pilot loading bays. This constitutes about 20% of similar busy shopping/high traffic road 
stretches in the city center of Szczecin. Nevertheless, it is assumed that only 50% of the freight traffic on these roads 
is delivered on the road side (and the rest directly on the plots of the receiving companies). The local survey 
conducted in preparation for the pilot loading bays found that currently lorries drive about 1.8 km more in traffic in 
search for a place to park and unload. Based on these figures the C-LIEGE freight transport model was able to 
estimate total additional vehicle kilometers accruing in the city center – and how much of these trips are being saved 
with the already implemented pilot loading bays. In sum the two pilot loading/unloading bays implemented at very 
small area are estimated to reduce emissions by 0.4% of total urban freight traffic emissions in Szczecin. If the 
scheme is expanded, these impacts will increase accordingly (Lückenkötter et al. 2013).  

3. The use of cellular automata in transport systems modeling 

3.1. Introduction 

Cellular automata are considered as interesting tool for the process of testing and simulation of different 
phenomena. The universality of them led to their application in many areas such as: physics, computer graphics and 
traffic modelling. The simplest cellular automaton is a mathematical model consisting of three elements 
(Kułakowski 2000; Malarz 2008): 

• a discrete n-dimensional space (grid) divided into equal cells,  
• a finite k-element set of states for a single cell,  
• F rule defining state of the cell at time t +1, depending on its state and state of the neighbor cells at the moment 

of time t. 

N-dimensional grid of identical cells evolves in discrete moments of time. Each cell in the grid can take one k 
state defined by the rule: 

)),(()1( tsFtS ji =+  j belongs to O(i), (1) 

where:  
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influence on city environment. However, the vehicle traffic is based on space-time link, which may be determined 
by mathematical functions. Due to that computer simulation could be significant helpful in this research area. 
Therefore, simulation allows for building mathematical models, which link input parameters to obtain a certain 
result at the system output (Gordon 1974). Numerous publications on this subject is focused especially on traffic 
research and modelling, developing theory and traffic models as well as the research on behavior of traffic 
participants (Chowdhury et al. 2000; Helbing 1997; Kerner 2001;May 1990; Daganzo 1993; Wolf et al. 1996; Wolf 
and Schreckenberg 1998). 

It’s possible to identify two major types of simulations: 

• discrete time simulation, which is used to test the behavior of real and hypothetical systems 
• continuous time simulation, which is generally used to test systems, dominated by changes of a permanent nature. 

The basis of the simulation process introduced in this paper is first type of simulation. Discrete time simulation to 
analyze urban freight transport measures is particularly useful due to reasons mentioned below: 

• gain a lot of information about the system already in the design phase, so that the answers to some questions 
about the functioning of the system can be obtained without having to build it and test it (e.g. by trial and error); 

• carry out research on the system behavior under various conditions, even those that are difficult to obtain in 
reality (e.g. those which are rare), or even those that do not actually exist (it is possible due to the identification 
of simulation objective and adaptation of input parameters); 

• carry out a number of tests at low cost (computer simulation is a process that can be repeated easily, usually 
without incurring additional costs); 

• shorten simulation time depending on the computing power; 
• carry out research on real and hypothetical systems, enabling the development of new more efficient systems; 
• determine the usefulness of the system depending on the results obtained, where, in the case of a negative result, 

the cost incurred to perform the simulation is not as large as in the case of actual system construction, testing and 
decommissioning. 

Presented model will be prepared with the utilization of cellular automata. Cellular automata are considered by 
some researchers as one of the computer science area, which is an artificial intelligence. The universality of cellular 
automata led to their application in many areas such as: physics, computer graphics and traffic modelling. This is 
kind of discrete time simulation process, due to that it’s very helpful for analysis of traffic flows in urban freight 
transport systems. The most important result from the research presented in the paper is the introduction of this 
simulation method for analysis of the efficiency of urban freight transport measures. It could be used in many other 
examples, focused on traffic influence on the UFT functioning, like UFT routing, ITS utilization in UFT etc. Results 
of simulation could help to assess the environmental impact of UFT, based on scenario approach. 

2. Loading/unloading bays as the measure, which could reduce the negative impact of urban freight transport 
on city environment 

Loading/unloading bays (or, in other words, slots) are one of the most popular measures, implemented in cities to 
support realization of deliveries. It aimed at reducing traffic congestion on busy city streets that is created by freight 
vehicles parking directly in the street area when they load or unload goods for shops or make home deliveries. By 
designating special parking bays/slots for freight vehicles traffic would be able to flow again and thus avoid the 
extra energy and fuel consumption, pollution, time and costs that traffic jams typically create. This is pull type 
measure, based on administrative activities and close cooperation ben city authorities, freight carriers and shippers 
(Bourn and MacDonald 2012). 

The main strength of this measure is that it effectively reduces congestion effect due to that loading or 
loading/unloading operations are realize in special area and not influence directly on traffic flow. Also, the costs for 
setting up the loading/unloading bays are very low so that this is a very cost effective measure for the municipality. 
A major weakness of this measure is that parking space for loading/unloading bays is taken away from passenger 
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