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Summary - The lack of parking spaces for bicycles is one 
of the main issues that many cities face. A proper planning of 
a bike station network is necessary in order to optimize the 
whole urban system and the transport supply. In this work a 
step-by-step analysis is proposed to find the best location for 
the bicycle lots in the old town of Palermo. The optimization 
method includes the use of both a Set Covering Model and 
a Maximum Coverage Location Problem. The dataset for 
the simulations was collected by direct and indirect surveys 
on the population and implemented into Open source GIS 
software. In particular, data on the destinations, times and 
distances covered by the bicycles’ users were included. Final-
ly, a cost-benefit analysis was made after a sizing phase of 
the lots. The proposed methodology can be applied to other 
contexts without loss of generality. It can also be used for the 
ex-post evaluation of an already existing network.

1. Introduction

Every planning effort for cities should be placed on the 
framework of sustainable development [1]. An efficient 
transportation system is the basis for a sustainable urbani-
zation process.

This is why transportation system should be designed 
so exactly that is coordinated with sustainable development 
criterions. In order to design a sustainable transportation 
network, it is necessary that the alternative situations of 
transportation are accessible [1].

Nowadays some cities face the problem of congestion es-
pecially in the centers and the old towns. This leads to a lack 
of live ability and usability of the urban spaces and a contex-
tual decay in terms of environmental pollution.

(*)  Università degli Studi di Palermo/DICAM, Palermo, Italy.



The bicycle is widely recognized as the best compromise 
for moving along short and medium distances. The factors 
that increase the use of bicycle are currently being studied 
by policy makers and academic researchers in a search for 
measures to promote a modal shift from motorized trans-
port to cycling. Numerous proposals have been put forward 
involving very different disciplines, ranging from urban and 
transportation planning to psychology [2].

On the other hand, a large amount of potential users 
are discouraged from moving by bike for the lack of parking 
supply.

Several Italian cities located in the South part of the pen-
insula are quite suitable for cycling but the total absence of 
a sustainable mobility Plan does not encourage citizens to 
move by bike. Moreover, the high rates of theft registered in 
the last decade increases the difficulty of spreading the “just 
culture” of moving by non-motorized means. So, the task of 
reaching a well-organized solution to give users the possi-
bility of parking their bicycles is committed to the local gov-
ernments. Finding the best location of bicycle station leads 
to better use of non-motorized vehicles such as bicycles and 
walking. The growth of bicycle culture among peoples not 
only increases their health and happiness, but also decreases 
air pollution and traffic. This is why that the issue of bicycle 
and its study has been considered as an important research 
field by authors and researchers [3]. Several approaches 
have been proposed in the literature. 

The use of GIS-based methodology has spread in the re-
cent years particularly with the release of open source licens-
es. Recent studies treated Multi-Periodic Optimization [4], 
AHP and Fuzzy approaches [5], multi-criteria approach [6], 
MILP methods [7] to solve the problem.

Most of these works are based on bike sharing planning 
programs. Anyhow they can be generalized to the bike stations 
case. Much of the literature on facility location modelling has 
not been directed to specific applications (i.e., case studies). 
Rather, it has been directed to formulating new models and 
modifications to existing models which have many potential 
applications, and to developing efficient solution techniques 
for existing or newly formulated models [8].

Here the authors propose a method which incorporates 
the combined use of GIS and two models from Operations 
Research. The method was firstly applied to a particular con-
text (the old town in Palermo) but it could be widely applied 
without constraints of space. Anyway the size of the prob-
lem can affect the processing time especially when a large 
amount of bike stations are planned. The next section de-
scribes in details the steps of the analysis.

2. Methodology

The proposed methodology can be summarized into dif-
ferent steps:

1) zoning: identification of the study area;

2) points of interest (POI) identification and classification;
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3) first optimization (Scenario 1): LSPC with unit costs;

4) bicycling demand survey;

5) second optimization (Scenario 2): MCLP; 

6) cost evaluation;

7) third optimization (Scenario 3): LSPC with fixed costs;

8) scenario 4: spatial analysis to reach the final configura-
tion.

Before deepening each phase, it is important to show 
some remarks on the two Operations Research (OR) models 
used in the analysis.

The Location Set Covering Problem (SCLP) was defined 
more than thirty years ago by Toregas (1970) and in the pag-
es of Geographical Analysis by Toregas and ReVelle (1976). 
This location problem involves finding the smallest number 
of facilities (and their locations) such that each demand is 
no farther than a pre-specified distance or time away from 
its closest facility. Such a problem is called a “covering” 
problem because it requires that each demand be served or 
“covered within some maximum time or distance standard. 
A demand is defined as covered if one or more facilities are 
located within the maximum distance or time standard. 
The classical SCLP requires that each demand is covered 
at least once. The most common applications involve crew 
scheduling operations, routing problems and facility loca-
tion problem. The classical formulation of the problem is 
the following:

Let S1,S2,…,Sn be a family of subsets of a set S={1,2,…
,m}. A covering of S is a subfamily Sj for j I such that S= (-

j I) Sj. Assume that each subset Sj has a cost cj>0 associated 
with it. We define the cost of a cover to be the sum of the 
costs of the subsets included in the cover.

The problem of finding a cover of minimum cost is of 
practical significance. As an integer program it can be spec-
ified as follows:

Define the m n matrix A= (aij)  by aij=1 if i Sj and aij=0 
otherwise

Let xj be 0-1 variables with xj=1(0) to mean set Sj is in-
cluded (respectively not included) in the cover.

The problem is to:

 Minimise n
j  =1 cjxj (1)

 subject to n
j = 1aijxj    i= ,...,m (2)

 x j=  (3)

The m inequality constraints have the following signif-
icance: since xj=0 or 1 and the coefficients aij are also 0 or 
1 we see that (j=1)(aij xj) can be 0 only if xj=0 for all j such 
that aij=1. In other words only if no set Sj is chosen such 
that i Sj. The inequalities are put in to avoid this. The Max-
imal Covering Location Problem (MCLP), instead, seeks the 
maximum population which can be served within a stated 
service distance or time given a limited number of facilities. 
Defined on a network of nodes and arcs, a mathematical 
formulation of this problem can be stated as follows:



crew scheduling routing

n
j  =  1cjxj  

n
j =1 aijxj    i = ,...,m  

xj =   

j I aiyi

j N xj  yi    i I  

j J xj = P  

xj =    j J  

yi =    i I  

 Maximise j I aiyi  (4)

 Subject to j N xj  yi    i I (5)

 j J xj = P  (6)

 xj =    j J  (7)

 yi =    i I  (8)

where:

I = denotes the set of demand nodes; 

J = denotes the set of facility sites; 

S = the distance beyond which a demand point is consid-
ered “uncovered” (the value of S can be chosen differ-
ently for each demand point if desired); 

dij = the shortest distance from node i to node j; 

xj = (1 if a facility is allocated to site j, 0 otherwise);

Ni = {j J | dij S};

ai = population to be served at demand node i; 

P = the number of facilities to be located;

Ni is the set of facility sites eligible to provide “cover” to 
demand point i.

A demand node is “covered” when the closest facility to 
that node is at a distance less than or equal to S. A demand 
node is “uncovered” when the closest facility to that node is 
at a distance greater than S. The objective is to maximize the 
number of people served or “covered” within the desired ser-
vice distance. The solution of this problem specifies not only 
the largest amount of population that can be covered but the 
p facilities that achieve this maximal coverage.

Both problems can be easily solved with Linear Program-
ming techniques and heuristic approaches [9]. After a zoning 
phase, useful to identify the area into which plan the system, 
all the points of interest that can be considered as important 
mobility attractors have to be identified and classified (i.e. 
public services, offices, schools, transport terminals, plac-
es of worship, museums, cultural and archaeological sites 
etc.). These represent the points of mobility generation and 
attractions, where displacements can take place. To plan an 
efficient system of bike stations it is necessary to consider 
the physical effort made by the users to reach the parking 
lots. Several models are presented in the scientific literature.

Here we considered an average user weighing 70 kg and 
with a transported load of 1.5 kg. To overcome a path length 
of 300 m, at a constant speed equals to 1.2 m/s (in plan) he 
must provide a power of approximately 14 W, or 12 kcal/h, 
the equivalent of driving a car for 15 minutes. So, in rela-
tion to the road paths and the orography of the study area, 
the analyst must choose the best “catchment area” of each 
node. Generally a distance of 300 m between a parking lot 
and a POI can be considered as a good compromise. A plau-
sible simplification about this issue is the following: if the 
analyst considers a circular shape buffer, then a lower val-
ue of the distance must be considered to take into account 
that the total length of the roads is generally greater than the 
buffer radius. Otherwise, a shortest path algorithm must be 
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catchment area

applied. The first optimization concerns the identification of 
the minimum number of bike stations under the constraint 
that each POI is served. We considered firstly the bike sta-
tions coincident with the POI. So, considering a buffer for 
each of the POI, under the initial hypothesis that all the 
bike stations have a unitary cost, the problem is to find the 
smallest group (and which nodes) that are able to serve all 
the POI. The model used to solve this problem is a SCLP. 
The solution is a subset L of POI. This first configuration is 
the basis for the further steps of the analysis and we call it 
“Scenario 1”. In order to refine the network’s topology it is 
important to know the actual mobility behaviors of the bike 
users. For this reason, a survey by questionnaire is need-
ed to get at least the destinations of the cyclists within the 
study area. Other useful information for further analysis can 
be gained: for instance, the respondents can be asked about 
their socio-economics status, the income range, the mobility 
habits (reason, time, means etc.). Once reached the destina-
tion points inside the study area, these can be organized into 
a database and handled by using GIS software. Then, the 
second optimization can be run. Now the problem is to find 
the maximum population (i.e. the greatest number of cy-
clists) that can be “served” (parking service) within a stated 
service distance (or, which is the same, a stated service time) 
given a limited number of facilities. The problem is a MCLP. 
Here the number of facilities (initially coincident with the 
POI) is fixed and defined by the analyst. So, different simula-
tions (one for each of the facility) must be run to identify the 
maximum number of facilities beyond which the population 
served does not vary. We call the results of this second sim-
ulation “Scenario 2” and the subset of facilities M. At this 
point we have the two subsets L and M. 

Let define H = L M. Now is possible to assign a cost to 
the facilities included into H. The cost assignment procedure 
is made by a “lot desig” for each facility: that is, to assign 
a number of lots according to the demand that the single 
node can accommodate. This is possible doing a “buffer 
analysis”: from each of the nodes included into H, a buffer 
of approximately 250-300 m will encompass a given number 
of demand points. As previously said, these points resulted 
from the questionnaire survey. In order to plan properly the 
lots, a projection of the demand onto the whole population 
is essential. For this reason, data on the use of the bicycle 
as a transport mean, on the modal split and on the peak 
hour movements must be collected. So an extrapolation and 
a proportional analysis starting from the survey data are 
necessary to reach the final number of lots per facility. Once 
reached this number, a cost per each node can be assigned in 
relation to the typology chosen for the lot (inverted U, with/
without shelter, racks etc.). A further optimization using a 
LSCP with the costs calculated in the previous phase will re-
turn the final configuration. The nodes with a high potential 
attraction for the demand must be activated anyhow. The 
last Scenario (“Scenario 4”) can be obtained from a local-
ization phase: the initial POI can’t be generally considered 
coincident with the real locations of the parking lots. So a 
detailed spatial analysis will return the final points’ loca-
tions as function of the availability of space in the urban 



context. In this phase, further consideration can be made on 
the structural typology with regards on the dimension-space 
relation. The next paragraph shows a simplification through 
an instance regarding an application of the methodology to 
the old town of Palermo. This case would be just an example 
to understand the proposed methodology: anyway it could 
be applied to different cases and contexts.

3. Case Study

The study area (fig. 1) chosen for the application is the 
old town in Palermo. It consists of a surface of about 2.5 km2 
and it is divided into four districts called “Mandamenti” (Cas-
tellammare, Monte di Pietà, Tribunali and Palazzo Reale). It 
matches the whole urban area of Palermo in the 18th Century. 
The old town is one of the main attractions of the city for 
tourism, leisure, cultural and work interests: it is also one 
of the biggest and richest in Europe. Unfortunately, the high 
congestion levels along with the lack of intermodal supply 
affect the quality of life into this area nullifying its benefits. 
Moreover, there is a total absence of safely pedestrian paths 
and bike lanes. Since 2001 the major and the city council are 
working to improve the sustainability and the mobility inside 
the old town. Several proposals and plans have been released 
but nowadays the issue is still remarkable. 

The application presented here suggests a modus oper-
andi to enhance the quality of the mobility and to promote 
the intermodal transport within the study area. The first step 
was the POI identification and localization. Totally 192 POI 
(fig. 2) were identified as significant for the attraction of mo-
bility. These were clustered in three classes: public services 
and offices, cultural and leisure sites and mobility nodes 
(such as transport terminals).

The further step was the first optimization by consider-
ing the whole set of 192 POI as possible bike stations. As 
described is the previous paragraph, in this phase the costs 
of the facilities were assumed unitary. The result is the Sce-
nario 1 with the subset L consisting of 17 nodes. With this 
configuration is possible to reach all the other nodes by feet 
within a distance of nearby 300 m (fig. 3). Then it was con-
sidered the result of the survey and the destinations of the cy-
clist interviewed by the questionnaire. In particular, an on-
line survey was administered and the results were imported 
into a GIS database and mapped. As a whole the sample was 
made of 1,140 respondents, about the 8.9% of the cyclist 
in that city, considering that the population of Palermo is 
about 680,000 and the cyclist are nearby 10,000. The desti-
nations located within the old town were in total 347 (fig. 4).

Then, the second optimization was run. The model used 
in this phase was the MCLP. The adjacency matrix was a 
192 × 347. So, here we were searching for the optimal config-
uration, starting from the 192 POI, which ensure the max-
imum population served. Here the number of facilities to 
be activated is fixed by the analyst. In order to obtain the 
maximum number of facilities beyond which the population 
served does not vary, 192 simulations (one for each of the 
POI) were run. The results were plotted into a curve showing 



the population served as a function of the number of nodes 
activated (fig. 5).

It resulted that beyond 19 nodes the population served is 
equal to the total. So we assumed the subset M made of 19 
bike stations (fig. 6). Some of them are the same included 
into the subset L, other are different. The Scenario 2 is simi-
lar to the Scenario 1 since some nodes are very close to each 
other. Finally, the subset H (Scenario 1+2) is made of 30 
nodes (fig. 7). Now the whole old town is uniformly covered 
and both the POI and the destinations are supplied. 

The next step is the cost analysis and the related design of 
the lots. So buffer areas with a radius of 250 m starting from 
each of the 30 nodes were considered. The number of desti-
nation points belonging to each buffer was calculated (fig. 
8). The results obtained refer only to the surveyed population 
that represents just a portion of potential cyclists. It is there-
fore necessary to make a projection to the entire population.

As described, the survey sample is made of 347 respond-
ents. Considering the actual modal split of 1,5%, the pro-
jection was made by assuming the parameters showed in 
table 1.

Fig. 1 - Old town of Palermo.



The result of this designing phase is the number of lots 
per node. In particular, this number ranges from 80 (node 
4 – Massimo Theatre) to 4 (node 23 – Saint Xavier Church). 
In order to evaluate the actual construction costs, an inves-
tigation comparing the different types of parking lots was 
carried out. The solution that best fit for this case is the “in-
verted U”. This one makes it possible to park two bicycles 
a lot. The unitary construction and installation cost of an 
inverted U is approximately of € 80.

The installation cost results from the multiplication of 
the number of lots and the unitary cost. As a whole it was 
found a cost of the project of nearly € 33,000. The table 2 
shows the number of parking lots per node and the related 
cost.

The last phase concerns the third optimization: after the 
cost evaluation, a new SCLP model can be applied by attrib-
uting a fixed monetary value to the nodes included into H. 
Here the 6 nodes with a number of lots greater than 20 (in 
dark in table 2) were considered to be realized anyhow. This 
optimization returned a subset of 19 nodes and allows to 
achieve savings for € 10,000. So, the final cost of the project 
is of € 23,000. 

Fig. 2 - Points of interest identification and classification



The final configuration (fig. 9) was obtained after the 
localization phase: the spatial analysis shifted some of the 
19 nodes to reach the final location in relation to the availa-

Fig. 3 - Scenario 1.

Fig. 4 - Bicycling demand survey results.

Fig. 5 - MCLP simulations.
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bility of space. Further consideration could be made on the 
choice of the structural type (shelter, lot type etc.).

Fig. 6 - Scenario 2. Fig. 7 - Scenario 1+2.

Fig. 8 - Cost analysis.

Population

Bicycle modal share (2014)

Average number of bicycle users

Survey sample

Sample as a percentage of the cyclists

Peak hour movements (as a percentage)

Maximum number of lots per station

TABELLA 1 – TABELLA 1 

DATASET FOR THE COST ANALYSIS



4. Conclusions and further work

The work presented in this paper concerned a possible 
way for optimizing a network of bike stations. The applica-
tion of the methodology to the old town in Palermo allowed 
explaining in detail all the steps to reach the final configu-
ration. This approach is merely a proposal drawn up by the 
authors and can be extended or adjusted in order to find 
a better solution to improve the whole urban and mobility 
system. Clearly each application of this methodology must 
be carried out considering the case, the availability of space 
and the political/administrative constraints. 

The proposed work can be deepened with the possibility to:

extend the procedure to the entire city by integrating the 
methodology, considering other factors that influence the 
location as the distance from the cycle network and the 
possibility of modal shift with the alternatives proposed 
by the public transport;

integrating the methodology with more detailed data 
about the demand arising from the instruments of statis-
tics;

apply the proposed procedure also to the case of 
bike-sharing by integrating the input data with an inves-
tigation on the origin as well as on the destination of the 
single displacements and also by performing a study on 
the balance of the number of bicycles available for each 
station during the different hours of a day;

perform an analysis of pedestrian and cycle paths con-
necting with the points of attractors and between the 
nodes themselves, through models as the Traveling Sales-
man Problem.

TABELLA 2 – TABELLA 2 

COST ANALYSIS SUMMARY

Number of 
“inverted U”

Cost Number of 
“inverted U”

Cost

€ €

€ €

€ €

€ €

€ €

€ €

€ €

€ €

€ €

€ €

€ €

€ €

€ €

€ €

€ €

Costo totale - Total cost € 33.040

Fig. 9 - Final configuration.
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