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Abstract. Currently, there is a clear trend to concentrate companies in industrial areas around urban centres. As a consequence of this there has been an increase of traffic produced by industrial vehicles that can even saturate the inputs or outputs of a city and sometimes can produce parking problems. Therefore, there is a tremendous necessity for searching park zones for these vehicles, whose capacity must be sized with accuracy. Estimations currently done on behalf of industrial vehicles calculations come from the number of vehicles at this time in a city, without any consideration about the future necessities of an urban centre. Transport flows can be forecasted with the use of new tools such as Artificial Neural Networks, considering growing trends of urban centres, by mean of which sizing of industrial vehicles park capacity can be done with accuracy. Therefore, the project goal pursues to demonstrate the use of Artificial Neural Networks, and particularly the back-propagation algorithm, as a potential tool for transport flows forecasting based on historical data, and finally the application to other areas inside the transport and logistics world, like industrial vehicles sizing. 

1. Tool employed description: artificial neural networks 
Metaheuristics methods have been chosen for the prediction of industrial vehicles park sizing, which allow to solve hard problems or NP problems with low computing cost, giving at the same time several optimal solutions which is the main difference on behalf of statistics methods. In the group of metaheuristics methods, there are tools such as Genetic Algorithms and 
Artificial Neural Networks: 

• Genetic Algorithms are mainly based in the successive election of the strongest element, so that at the end of the iterations it only survives the strongest element of a population. 
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• Artificial Neural Networks are based in the human brain operations. A pattern is created by mean of a set of inputs; this pattern assigns a set of weights to each input, each of these weights will be higher or lower depending on the importance of this particular input. Thus, it is created a relationship between all of them, which is known as training, so that the introduction of new data on the network will be able to supply optimal solutions that will be adjusted to the training done with historical data. 

1.1. Artificial Neural Networks 
An artificial neural network has a number of layers; the first one is formed by inputs, that is to say, information that the user is providing to the network; the output layer is the one that store the network answer; finally there are hidden layers, which are responsible of processing the information. Inputs are weighted and combined by mean of the summation 
function. By mean of the transfer function, it is calculated the level of activation of the network that will provide an output, as can be seen in Figure 1: 

 
Figure 1. Artificial Neural Network diagram. 

1.2. Back-propagation algorithm 
Simulation done for forecasting transport flows is based in the back-propagation algorithm, which consists of the error propagation backwards, from the output layer to the input layer, across the hidden layers and adjusting weights in order to reduce the error. Back-propagation algorithm consists on the following: First, it is defined the network function; Equation (1) shows a way to express this function. 
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• jw : Weight vector associated to unit j 
• ijw : Weight vector for connection between unit i and j 
• n: Number of units connected to j Next, it is defined the transfer function; back-propagation algorithms use to employ the sigmoid function as a transfer function (with values between 0 and 1), as the Equation (2) shows. 
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where σ  is a parameter which normally equals to 1. 
After that, an error which propagates backwards is generated as can be seen on Equation (3). 
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where: 
• E: Error 
• jd : Desired output for unit j 
To conclude, weights are updated in order to decrease the error. 

2. Case application: the city of Zaragoza (Spain) 

2.1. Current situation at the city centre of Zaragoza 
As a particular case of all the thoughts followed until now, Zaragoza example is taken. The city is located in a strategic position, because it is connected with cities such as Madrid, Barcelona and Bilbao by less than 300 kilometers.  Typology of this city is radial; it has driving belts around the perimeter. It has 29 industrial areas distributed in six main communication highways, which make a total of 1413 companies and a total surface of 77.34 has. Strongest points of these industrial areas are the proximity to the centre of Zaragoza, specialization and quality of building construction. However, between the biggest problems it is the industrial vehicles park. At the same time, Zaragoza city has at this moment a specialized centre for transportation called “Ciudad del Transporte”, located in the Huesca axis, and Mercazaragoza, located in the Barcelona axis. Currently, it is being built a Logistics Platform in Zaragoza, with a surface of 1071.5 has, which will constitute one of the biggest logistics centers in Europe (Figure 2). Due to this facts, it is estimated a huge increase of flows by the different accesses to Zaragoza; these flows are translating into an increase of park demand that is not going to be supplied by the current park areas. There are available places in gas stations that are saturated, while in others, they are not at the limit capacity since they are too far from the 
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city and they cannot also provide good services to the truck drivers. Thus, it is remarkable the necessity to plan a new industrial vehicles park in the city. 

2.2. Proposal for the resolution of the capacity sizing in Zaragoza 
The three main points that follows this approach to this problem in Zaragoza city are: 1. Traffic flows forecast in the accesses of the city. 2. Total industrial vehicles traffic flows forecast considering the progressive establishment of the logistic platform in the city. 3. Calculation of the expression in order to size the industrial vehicles park. Methodology employed for the flows prediction on the city inputs by mean of the back-propagation algorithm are shown in Figure 3. 

 
Figure 2. Location of the main industrial areas in Zaragoza 

The task to solve is the flows prediction by highway in the accesses to Zaragoza. For this goal it has been chosen an architecture formed by twelve input neurons that correspond to each of the moths in a year, a hidden layer with two neurons and an output layer with one neuron. Next it is developed a training phase, where the network is trained with some historical data. Once the network is trained it follows the test phase, where the network is simulated with some historical data previously known. If the result obtained differs from the right solution that was known, or if it is not feasible in general, input patterns should be modified. In contrast, if the result is feasible procedure can continue with the forecast. During the forecast the inputs are the lasts months whose values are known, so that the first value obtained is the first value unknown. The neural system is formed as it is described on the box in blue of Figure 3. With the cited back-propagation algorithm, the error propagates backwards, achieving an optimal solution thanks to the reduction of the error. 
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Figure 3. Methodology employed for the calculation of capacities in Zaragoza 

2.3. Flows prediction results in Zaragoza accesses 
Adding the calculated flows by this algorithm in the main axis that access to the city, that is to say, Madrid, Barcelona, Logroño and Valencia, it is possible to obtain the total flows for the next years in the highways of access to Zaragoza. But, since a new Logistics Platform (called “PLAZA”) is being built in Madrid axis, it is going to produce an increasingly flow of transport, overall merchandise transport and consequently industrial vehicles. That is to say, in the calculation of the flow evolution, it is important to consider the percentage of increase that a Logistics Platform causes in a city. That is shown in the next figure (Figure 4), where it is reflected the vehicles flow evolution with and without the Logistic Platform: 

TOTAL FLOW WITH AND WITHOUT THE LOGISTC 
PLATFORM IN ZARAGOZA

0
2000000
4000000
6000000
8000000

10000000
12000000
14000000
16000000
18000000

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Total flows without PLAZA Total flows with PLAZA  
Figure 4. Total flow with and without the Logistic Platform in Zaragoza (PLAZA) 
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2.4. Capacity prediction results in Zaragoza 
With the data obtained it is possible to do a prediction of the capacity necessary to hold the increase of industrial vehicles in the city during the following years. From the industrial vehicles in the accesses to the city, it is estimated that a part of them are just crossing the city with another destination, other part will have origin in Zaragoza and will leave the city to other destination and the last part will consist on vehicles that coming from other places are arriving to this city. In summary, approximately one third of flows will need this zone of park. By mean of the following formula, it is feasible to calculate the number of parks that is necessary create for a year in particular: 
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→YyearNP Number of parks in year Y that 
will be necessary in Zaragoza 

→1n Year of reference (2002) 

→Zaragozanp Number of industrial vehicles 
parked in legal zones in Zaragoza 
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→x Percentage of growth of the number of 
industrial vehicles in Zaragoza and estimated in 
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→2n Year it is desirable to calculate 

→PLAZAnvp Number of industrial vehicles that 
will drive in PLAZA and estimated as: 
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Therefore, the number of parks to create in a particular year would be equal to the 
number of vehicles that park in Zaragoza, considering the increase per year estimated in 
3%, plus the number of vehicles that park in illegal zones, considering as 80% of the 
vehicles that park in legal zones, plus the number of industrial vehicles that will drive by 
PLAZA and that are estimated as the increment of flow (taken from Figure 4) with PLAZA 
divided by 365 days of the year and divided by three, because one third is the part of 
vehicles that come to Zaragoza. Finally, it would just be left to estimate the number of new 
parks that should be created every year considering the current number of parks in the city 
(Figure 5), so, the sizing of the industrial vehicles park and which would be as follows: 
 PLAZAexistZaragozaexistYyeartobuilt NPNPNPNP −−=  (2) 
where: 

→ctobuiltNP Number of parks to build in Zaragoza 
→ZaragozaexistNP Number of parks that exist in 

Zaragoza (1000 more or less) 

→PLAZAexistNP Number of parks that exist 
in PLAZA (more or less 1000 parks for 
industrial vehicles) 
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Figure 5. Number of parks to built in Zaragoza per year 

3. Conclusion 
Concentration of companies around cities causes a profit for the urban centre, but it carries 
other problems such as the transport. It is crucial to create industrial vehicles parks to hold 
the increment of flows by the main highways of a city. Capacity sizing of these parks 
results very important as well, because it has to be done for a considerable period of time. 
That can be achieved by mean of Artificial Neural Networks, which are suitable for 
capacity sizing since they consider flow variations produced along the historical data.  
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