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Abstract

Faced with heavy vehicular traffic at present, the strategic implementation of Bike Sharing
Systems (BSSs) in cities as an alternative means of transport for users is increasingly being
adopted. These solutions reduce the environmental burden posed by other means of
transportation, decrease costs for citizens, improves people's health due to physical activity,
among other advantages. However, aspects such as the definition of bike stations' locations
represent a challenge when these solutions are being implemented. Therefore, this paper
presents a software tool design that supports a method that defines the location and number
of stations within a BSS. Also, the tool uses a data-driven optimization model to establish
the location of stations. Finally, a case study carried out in Cuenca - Ecuador, demonstrates
the proposal's feasibility, showing a significant concordance with the consulting firms-
consortia results (70-90% of coincidence) at a lower cost.

Keywords: Bike Sharing System, Public Bike System, optimization, pollutants, data-
driven.

1. Introduction

Population growth and city urbanization lead to a greater demand for different means of
transport [6]. It is increasing the number of vehicles [49]. It drives congestion with direct
implications on travel times and air pollution, increasing mortality and morbidity [38].

There are several alternatives to reduce the problem of traffic congestion. Among them,
public transport, vehicle access limitation by ordinance [1], shared vehicle [49], alternatives to
the traditional vehicle (small ones with electric batteries) [27], motorcycles, and the
implementation of a Bike Sharing System(BSS) [46]. However, the first one is limited by not
having access to all city points, while the second one presents logistical and political problems
[51]. The shared vehicle alternative reduces traffic congestion and provides users lower costs
than private vehicles [43]; however, it is not environmentally friendly. The fourth alternative is
not always accessible to all users due to the cost [27]. In the case of motorcycles, it allows users'
connection with their places of destination and takes up little space, but pollution is more
significant than bikes.

A BSS is a public transport alternative that allows users to take a bike at one point and
return it at another, either in exchange for a fee or free. These systems enable traveling through
a network of stations with multimodal connections that can be point-to-point or round-trip in
an urban environment. BSS is an alternative to motorized transport that reduces travel time,
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generating economic savings - compared to other transport systems- [ 10], [42], energy savings,
optimizing the use of space on roads, parking, and mobilization. In addition, it can be integrated
with the mass transport system, friendly to the environment, and promotes livable and healthier
cities [18], [42].

However, the BSS implementation's success depends on the correct location and number of
stations in the urban environment that satisfy the demand and guarantee an adequate service
throughout the city. Therefore, this study aims to propose a tool that supports a method that
estimates the number of stations and their optimal location. The presented informatic tool
design provides an affordable solution to help designers during the stations' distribution
establishment without using too many resources (e.g., economic, human). Medium and small
cities could start their BSSs planning from a standardized platform supported by a data-driven
software tool to define stations. This tool will consider aspects related to historical information
and other public means of transport. Therefore, this study can lead to the necessary support to
diminish the environmental impact produced by pollutants from cars, motorcycles, and
traditional means of transportation using BSS systems with reachable stations that serve citizens
around cities.

Although several companies provide consulting services for locating the optimal places for
implementing the BSS's stations, those solutions are expensive. Besides, most of the time, small
and medium cities could not afford their prices; being necessary to have software that using
available information sourced by other public organizations (e.g., population and demographic
distribution, public transportation companies, weather historical data sources) allow making
decisions automatically. On the other hand, the reviewed literature indicates that data available
for each city and its characteristics have defined the stations' location differently and often
without a scientifically defined, replicable, and repeatable method [16], [21].

During the main method that is supported for the system of this contribution, four stages
were considered, starting with 1) defining the factors for a correct distribution of the stations;
i1) preparing and preprocessing data; iii) determining the suitability of the stations. Finally, the
operational research model defines the locations, and the number of stations considering the
previous models' algorithms and outputs to design a BSS from strategic planning and its
respective evaluation case study.

Consequently, having a data-driven based software tool helps in a scientific and repeatable
way to optimize the station distribution to design a BSS.

The solution has been used when the main method was applied to a specific case study in
the city of Cuenca-Ecuador to measure precision when comparing the method's results versus
the stations' empirical location [12]. Cuenca became an interesting case study because a city
with traffic problems, declared a World Heritage Site. Furthermore, it is a medium-size city
due to its number of inhabitants (i.e., half a million approximately) and its size (72 km2) [25].

The study is organized into sections. Section 2 presents the background and related
work that identifies the factors considered in implementing a BSS in other cities. Section
3 describes the main contribution of this research. Sections 4 and 5 present the main results,
conclusions, and further work.

2. Background and Related Work

According to international guidelines [8], [23], the factors that influence and must be
considered for an optimal distribution of the stations are i) demographic and socio-economic
factors such as population and job density; ii) geographic and topographic factors; iii) climate;
iv) places of cultural and recreational attraction, public spaces and parks; and v) infrastructure
and mass transportation. Therefore, these factors should be considered general and a starting
point for the design of BSS locations.

Additionally, the specific needs, objectives, and data sources must be considered, among
other specific case study aspects. In this context, BSS experiences in other countries are
analyzed to define the factors that could be used in determining the location of the stations [7],
[14], [28, 29].

The literature available on BSS is varied. Studies related to BSS design have focused on
stations, prices, bikes, balance, and service stations. A key component to the success of the BSS
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design is the location of the bike stations. However, from the perspective of strategic planning,
very few research studies have been conducted in this regard [31], so this component is the
research's starting point. Also, as far as we known, there are a lack of software tools that support
methods and allow making decisions related to location of BSS stations.

The distribution of stations must guarantee the optimum level of service for users when
they require a bike. It implies covering the total demand of the area with an optimal number of
stations that ensure the service's quality [14,15,16], [21], allowing to minimize the costs derived
from the distance traveled and considering a penalty for unmet demand [33]. Several studies
have used optimization methods for this purpose [44].

Appendix A summarizes the objective, methods, and factors used by a set of studies focused
on bike inventory management, station capacity, and location. Despite the contributions in
using models and inventory management, works such as [33, 34] do not validate the proposals
with a case study. On the other hand, other studies do not consider other factors or ignore the
integration with the transport system to define the stations' location, in the case of Garcia-
Gutierrez et al. [15] and Romero et al. [44], respectively. In Guo et al. [21], the approach used
was robust to improve the optimization model. As it can be concluded, there are not highly
flexible solutions that employing a software tool can join different data sources to establish the
location of the BSS stations considering real information originated in the city in which the
bike system will operate.

3. Data-driven strategies to determine BSS station distribution

This section explains the model, factors analysis, data sources, data processing, and the
proposed software solution.

3.1. Models

Previous steps allow us to establish a method which is shown in Fig. 1. Also, the method
needs to be supported by a tool. Both are useful for making decisions in the station
distribution's strategic planning based on different data sources. As shown in Fig. 1, four
main activities were stated as part of the main method. In order to be harmonic with the
main method, the software tool design presented in this paper supports each of the
activities, integrating them in a solution that provides as output an optimal model with the
final BSS station's locations.

Overall Solution 7777777777 1

Data Driven

of interest based on selected factors suitability depending on data to
obtain BSS stations

|
|
|
|
|
| Analysing factors Prepare and analyse data Determining the Generating models
|
|
|
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|

Fig. 1. Overall Solution with Data-Driven Philosophy.

This approach shows the multi data-driven philosophy with the different steps carried out
to deal with the stations' distribution based on the information analysis. The different data used
in the study (see Fig. 1-I) are summarized in Table 2. After handling and processing (see Fig.
1-11), these data allow obtaining the suitability areas, the cost of the pollutants (i.e., noise and
NO2) per city block (i.e., an area of the city surrounded by streets), distance matrix, and demand
matrix. Finally, with the processed data, the data model is building whose objective function is
to minimize the stations' costs with their penalties, distributing the stations with a number that
covers the city. The final model is achieved using econometric models (i.e., hedonic prices),
optimization models (i.e., set covering problem), data analytics, and machine learning
algorithms (i.e., clusters) that have been proposed for data management.

This contribution constitutes a good starting point for places without resources, expertise,
and a high need for a BSS, saving them time and money.
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3.2. Factor analysis, data sources, and data processing

This subsection explains the data-driven approach considering the impacting factors
analyzed in previous studies, the data sources used in the case study, and the correlation
with the general data used in other implementations. The data-driven approach allowing
prepare, analyze and determine the different inputs in the model to define the station
distribution.

Analyzing the factors

According to the literature review, multiple factors have been classified as low, medium,
and high impact related to the level of influence on the objective (to establish the shared
bike stations' location) (see Table 1). On the other hand, data on pollutants produced by
automobiles, such as noise and Nitrogen Dioxide (NO2), are used to reduce their impact
on the city and its inhabitant's health, proposing an alternative transportation system. These
pollutant data are analyzed with the software tool and represent an input towards searching
the optimization model.

Table 1. Factors used in the case study.

Impact Factors Previous studies
Low Impact | Stations nearby automobile parking, origin-destination matrix [4, 5], [30], [46], [48]
Middle Residential locations, recreational parks, university locations, and [14], [22], [24], [26], [35],
Impact topography [39,40.,41], [47]
High Job density, public transit location (bus stops), demographics (e.g., [3,4],13], [19, 201, [29], [37], [46],
Impact age, education, income, equity), tourist attraction, bike lanes, and [48], [50]
land use
New Pollutants and safety at both the road and city levels
Proposal

It is recommended to use at least medium and high impact factors for a good result.
The factors were selected according to the application case (Cuenca city), the literature
review, and the data availability in this research. High impact factors were selected: 1)
demographics, ii) bike lanes, iii) tourist attraction, iv) bus stops, v) land use, and vi) job
density. Medium impact factors: vii) the topography of the city, viii) residential locations,
ix) parks, and x) university locations. Low impact factors: xi) Stations nearby automobile
parking.

Additionally, new factors are proposed, such as using pollutants as penalties, traffic
patterns, and safety at both road and urban levels. These factors were not present in
previous studies. All these factors were used with a data-driven approach. Data were
analyzed using methods that eliminate duplications, such as Principal Component Analysis
(PCA), a dimensionality-reduction method used to reduce large datasets without losing
representativeness. Once they were refined, they served as input for the software that
allowed obtaining maps at the city block level for the city's stations' location.

Data sources

The city data are stored in different databases (public and private institutions) (see Table
2). In some cases, the information collected does not directly provide the required
information but instead infers from specific data the information necessary to plan a BSS.

According to the studies analyzed in the previous sections, the data used in this
research were collected to establish, on the one hand, the demand based on the factors
analyzed (e.g., demographic, land use) and, on the other, the optimization of the number
of stations and its distribution in the city to meet the user's needs. These data are produced
in the daily activity of the city and collected by different organizations.

The data were analyzed and crossed between different sources to obtain the
information used by other authors. Then other data that had not been used in previous
studies were included; this allowed to obtain a better result of the station's distribution in a
BSS. The data-driven approach allows establishing systematic and repeatable steps to
establish the distribution of stations in countries where resources are limited.
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Table 2. Data sources

Source Information
Commission for Environmental
Management (CGA)

Municipal Mobility, Transit and
Transportation Company (EMOV-EP)

Noise pollution

Nitrogen dioxide pollution

Vehicle registration database with segmented information and information on vehicular
traffic

Bus database (Includes: 1. Household survey on the socio-economic conditions of the
users, 2. Conditions of the bus service, and 3. Register of counts of getting on and off
people.)

Tram Database: Tram stops, bus stops, and public parking lots are considered last-mile
EMOV EP points for private vehicles.

ANT (National Transit Agency)

Route of existing bike lanes

Vehicle mobility patterns at certain times in the city

Citizen Security Council (CSC) Accident and robbery database
Demand database. Mobility survey applied to people between 16 and 65 years old in the
A survey, database built within the city of Cuenca. Reference year: 2018. Geographic coverage: City of Cuenca. The

doctoral thesis." mobility survey collects sociodemographic and behavioral information on transport to
characterize the user who uses a bike as a means of mobility.

Internal Revenue Service (SRI) Database of taxpayers who have economic activity in the municipality of Cuenca

ANT Database of vehicles that pay for vehicle registration in Cuenca

Public Telecommunications, Water | The database contains the telephone numbers of users throughout the Cuenca canton
and Sewerage Company (ETAPA) with a location at the property level (a)

Institute of Statistics and Censuses
(INEC)

Population and housing data at the block level for the entire study area

The topography of the city in raster format allows obtaining the slope levels of the city.

The decentralized autonomous

government of the municipality of Database of properties and their characteristics. Map of the city at the level of blocks
Local government of Cuenca and land use with the main activities categorized as commercial, educational, and
recreational.

Note: (a) These data are cross-referenced with the SRI information to obtain business or business locations to establish jobs'
density.

Data processing and analysis

In this process, the data sources used and the methodologies applied are detailed according
to the different factors considered for the study. Therefore, information processing was
carried out to debug the data (outliers, exceptions, inconsistencies, or other problems) and
prepare it for the following phases. After debugging, that data were passed down to a block
level and then exported to an array. The array's dimensions are made up of the number of
blocks in the city that were 4172 (i.e., rows), 990 bus stops, 27 tram stops, and five public
parking lots defined as last-mile points (i.e., columns). In these arrays, the distances
between those elements were stored (e.g., distance matrix between blocks and bus stops
4172x990). Another array was also created containing the components resulting from the
dimensionality reduction for each city block. This process is critical as it is time-
consuming, and the model's accuracy depends on this stage.

-Analyzing the data

Factor analysis is carried out in order to reduce variables without loss of relevant
information. The extraction method that gave the best results was the Principal Component
Analysis (PCA). All the factors explain 55.28% of the variation, and a value of 0.783 was
obtained in the Kaiser, Meyer, and Olkin test and Bartlett's specificity, indicating that the
analysis is adequate. Intrinsic factors were grouped into three components (i) traffic factors
that addressed characteristics such as bus weight, topography, parking, rush hours (traffic
patterns), and accidents. (ii)) Demographic factors made up of potential users, grouped into
clusters and population density. Finally, (iii) component 3, composed of land use and job
density. Some factors were grouped into a single layer of information called land use (i.e.,
university locations, tourist attractions, parks). On the other hand, pollutants were used for
the hedonic price model to determine the penalty cost in the cost function.

To provide a solution to high-pollution areas through implementing a BSS, the proposed
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model includes a monetary penalty for the level of air pollution (NO2) and noise. For this,
the hedonic price model was used (equation 1) [32] to establish the value per square meter
that people would pay to avoid contamination. Then, this value is multiplied for each block,
obtaining the penalty per block. Thus, blocks with more contamination result in a higher
value.

Py = £ (Sh, Ni, Gn, €n) (1)

Where the market price Ph of a single-family detached house with its structural (Sh)
and neighborhood (Nh) characteristics, as well as environmental variables (Gh), and the
error term (eh), are the standard hedonic framework. The variables used in the hedonic
price model are:

(1) Environmental variables of pollution: levels of nitrogen dioxide (NO2) and noise
pollution at any time of the day or night, during the day and night, measured in decibels.

(2) Property features such as age, land area, length of the front, number of floors, number
of bathrooms, type of floor, state of construction, the material of columns, beams, mezzanines,
wall, deck, floors, doors, windows, plastered and lying.

(3) External or neighborhood factors such as traffic accidents, robberies of people and
houses, distance to the historic center. Other factors are if it is in front of a river if the property
is a building, municipal records (RMO) for business, if the house is located in an industrial
area, the services available 250 meters around, type of road, and if it is located in the historic
center.

The results show that the Cuenca market penalizes the property value by $ 21.2
year/property per unit of NO2 emitted in the area. The penalty values for noise pollution
are lower than for NO2 emissions. The price of the property decreases by $ 3.4 on average
annually for every decibel. These values make up the pollution cost penalty.

-Determining origin/destination and demand arrays

In this phase, distance matrices are established between the main travel generators or
origins and attractors or destinations [2], which are necessary to establish the stations'
distribution. The distance matrix was calculated through the Geographic Information
System (GIS). The matrix's dimensions are made up of the number of blocks in the city
that were 4172 (i.e., rows), 990 bus stops, 27 tram stops, and five public parking lots
defined as last-mile points (i.e., columns). It was necessary to use the distances of the
central points of the blocks with each of the bus stops (4172x990 order matrix) and trams
(4172x27 order matrix), parking lots (4172x5 order matrix), and between the blocks
(square matrix of order 4172).

-Determining the demand

Determining the characteristics of the potential demand for the BSS is essential to infer the
leading market segments that can use the bike share system (potential users). Therefore,
based on the demand database (see Table 2), a cluster analysis was first performed to find
sociodemographic data patterns (e.g., age, occupation, sex, among others) of the potential
demand. As a result, two clusters were obtained with adequate and almost reasonable
quality (Silhouette coefficient). Cluster 1 includes private employees and people with their
businesses between 20 and 55 years old, whose occupation is destined to the work
environment; they are mobilized for labor issues. Cluster 2 is made up of students between
the ages of 18 and 30.

-Determining the suitability

In this phase, it is required to determine the areas where a station's establishment is
necessary. Suitability means which blocks have the best characteristics for locating a bike
station. The suitability blocks matrix makes up an input within the model. The weights
obtained through the principal components' method (Analyze the data section) are taken as
input and multiplied by the stations' cost to establish suitability. With this, the most suitable
blocks with a lower cost were identified.



ISD2021 SPAIN

-Building the model

With the previous stages, it is possible to obtain the optimal number of stations covering
the city and meet the objective and the proposed restrictions. The proposed optimization
model aims to maximize BSS coverage between bus stops, tram stops, last-mile points, and
the city's main origins and destinations. The model is represented by an objective function,
where the decision variable is the number of stations that satisfy the highest possible
demand.

Here, the system provides the optimization model based on each activity of the
methodology. The used metrics are part of the system and calculates the final value. The
city of Cuenca is divided into 4,172 blocks; It has 990 bus stops, 27 tram stops, and 5 points
in the last mile (proposed), which stations must cover within an established radius (e.g.,
300, 500 meters). The written model's formulation is presented using the objective function
(equation 2) subject to the restrictions (equations 3-8). The problem formulation is
represented in Table 3.

Min.z hy (X, + X,S5,) + 52 WY +Z X, Opo Vs @
beB beB 0€0 beB
Subject to:
> 3)
Zbegdba X =1 Va€A
> )
Znesubg %zl VgeG
5)
Wye Xp =1 (
Z,,EB be b VtET
> (6)
zbEBr’""X” =1 vmeM
XY, ={0,1},Vva€ A bEB @)
Where:
Table 3. Subscripts and sets.
Subscripts and sets: Input parameters Decision variable
Dyps Jbgs Kbt> Lpm: the distance between candidate
stations and blocks, between bus stops and blocks,
between tram stops and blocks, between last-mile points
and blocks, respectively.
D, J, k, n: the maximum distance to cover demand in the
block, the bus stops, tram stops, and last-mile points,
respectively.
b € B: the set of potential bike Apas Ung » Whe » Thm: €quals 1 if the area, bus stops, tram Y,: equals 1 if demand in
stations locations stops, the last mile point, respectively, can be covered by | area b is not covered
g € G: the set of bus stops candidate station b in p, j, k, n meters, respectively, and 0 within p distance and 0
t € T: the set of trams stop otherwise otherwise

m € M: the set of last-mile points
o0 € O: the set of last-mile points

X,: equals 1 if station
location b is allocated
and 0 otherwise

Sp: defines overall suitability of an area for candidate
stations where S,> 0

hy: is the fixed cost of setting up a station at candidate
site b

§: is the unit penalty cost for uncovered demand

0),: is the amount of pollutant o in site b

v, cost per pollutant

Ap: is the population to be served in area b

Equation (2) minimizes the sum of the bike station's cost, pollution penalty costs, and
unmet demand. The set of restrictions are represented by equations 3-7 and ensure that residents
of each defined area can access at least one station in less than p meters (3), that users can
access at least one station in less of j, k, and n meters from the bus stops (4), from the tram stops
(5), and the last mile points (6), respectively. Finally, the integrality constraint ensures that the
decision variables take 0 or 1, equation (7).
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3.3. Designing a software solution for station distribution of a BSS

Software tools play an important role when integrating a series of components to collect, store,
and process data. In order to present support for the station's location in a BSS, it has been
presented the architecture of a tool that shows each component necessary to support designers
towards a method that allows the location of stations in small and medium cities.

Therefore, this research has included a tool that provides designers with information
about station distribution in the city. Data collected and analyzed will serve as input for the
provided solution to obtain the optimization model (See Fig. 2-1). The pollutants are a data
source to be considered in order to obtain a hedonic price model (See Fig. 2-4), which through
a proposed information system, will report the price of the pollutants (See Fig. 2-3) used, and
that will be the value that people are willing to pay in order to maintain the lowest
environmental impact in their living area. On the other hand, optimization models will be used
based on available data to provide a data-driven approach; with these data, the city's ideal areas
obtained from analyzing the different available information will be defined. The result of these
models will serve as an input for the proposed system in such a way that after analyzing them,
it allows the visualization on a map. This map contains the stations' distribution covering the
city's different points based on citizens' demands and needs, as shown in Fig. 2-5. This software
tool should be friendly and easy to use based on Web technologies. This proposed architecture
is illustrated in Fig. 2.

The software has been designed to be implemented by using as backend node.js and
for the front-end Angular.js. Also, several web services will be integrated into a Software
Oriented Architecture (SOA), which implements a business layer that can be easily updated
with new services that can be feed by new data sources. Also, other considerations related to
event-driven patterns and asynchronous calls will be implemented. The orchestration of those
services allows that they will work together in order to implement and reach the objectives of
the method.

Although the software is in an initial phase (i.e., requirements elicitation and design),
a simulation of each step has been manually performed in which step by step has been followed
in order to prove the feasibility of the activities when they will be implemented into the system.

BSS SYSTEM FOR DETERMINING STATION LOCATION — DATA DRIVEN APPROACH

BSS System (responsive tool)
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Fig. 2. BSS System for Determining Station's Location — Data-Driven Approach.

4. Results

This article addresses the optimal distribution of stations (location and number) within a
BSS as an alternative means of mobilization in small and medium-sized cities through an
established methodological process. After applying the proposed optimization model, the
results show different stations depending on the radius used (300 or 500 meters). The ideal
radius is 300 meters, and the maximum limit is a radius of 500 meters [17]. Therefore, the
ideal radius for the analysis was considered.

The model obtained by the method and supported by the system estimated 345 and 146
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stations for a distance radius between 300 and 500 meters, respectively. These values
provide coverage to the entire city applying the restrictions established in the model.
Furthermore, the maps presented reveal that the stations' location covers the bus stops (see
Fig. 3 (a)), and the tram stops see Fig. 3 (b), demonstrating that a BSS can be integrated
with the public transport systems available in the city (i.e., buses, trams) and private cars
(last mile points).

>z

Legend
Bike Stations
300 Met

(b)
Fig. 3. (a) Location of bike stations and bus stops at 300 meters. (b) Location of bike stations and tram stops at
300 meters.

The current locations were established by the consortium formed by a Spanish
company and the public mobilization company in Cuenca, named BiciCuenca [12]. The
model shows high precision (70%) in comparison with the consortium. If the results are
analyzed considering the contiguous blocks, the precision reaches 90% since only two
existing stations' locations do not coincide with the model. The algorithms, models, and SI
used in the present study provides a data-driven approach to establish the city's station
distribution. Using a data-driven approach helps to design the strategic planning of a BSS
used by decision-makers. This method constitutes a good starting point for places without
resources, expertise, and a high need for a BSS, saving them time and money.

This research contributes to the design, improvement, or restructuring of a BSS using a
method that allows defining the stations' distribution in a parameterizable, repeatable, and
organized way, based on accepted standards.

5. Discussion, conclusions, and future research

The proposed software solution design incorporates various techniques such as
econometric models, data analysis, machine learning (i.e., clusters), and operations
research, developing a mathematical optimization model. Several sources of information
will be used, both primary (via a survey) and secondary (multiple public institutions). The
model used to establish the stations' location considers a penalty for air and noise pollution,
unsatisfied demand, and suitability.

Currently, the city of Cuenca has a bike-sharing system. The bike stations were located
according to expert considerations (without scientific studies). The model had a precision
of 70% (for exact blocks) using all the method parameters. Accuracy was 90% when
contiguous blocks are included compared to existing stations in Cuenca city (prepared with
experts' experience).

The proposed software is computationally feasible and will work with different data
types. Therefore, it will allow the station distribution's strategy step by step, which has not
been explicitly done in previous studies. The implemented strategy allows a systematic
flow that makes it repeatable, reliable, effective, efficient, and replicable in other similar
situations in small and medium-sized cities. Furthermore, the proposal is less expensive
than other studies requiring extensive or expensive human experts' participation;
consequently, it saves economic, human, and time resources. In this context, the study
contributes considerably to the strategic planning of a BSS related to the stations'
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distribution. Also, it contributes to the empirical literature on the use of pollution penalties
within the model to increase the precision of station locations since no studies have been
found that determine the location based on pollution data (NO2 and noise). On the other
hand, the list of factors used allows standardizing the data management approach.

Furthermore, in this article, only two pollutants were used, such as NO2 and noise.
Other pollutants such as fine particles (PM), sulfur dioxide (SO2), and carbon monoxide
(CO) could be interesting to analyze with the model in further investigations. On the other
hand, other components such as bike lanes and the initial bike fleet could be considered to
improve the proposed optimization model. A sensitivity analysis of the stations' optimal
location can be examined in the next steps adjusting the different penalty parameters'
values and using other pollutants to identify the model changes' effect. These elements
could be resolved in future research.

As a next step towards implementing the proposed solution, the structure of the data
(format, type) and how data will be collected and inserted into the database will be defined.
Another important aspect is the design of an optimal architecture in which the main
components and their interconnections or relations will be clearly defined. In order to reach
this objective, on the one hand, it will be included all the mechanisms used to clean data
according to the enabled data sources by using a method (e.g., Cross-Industry Standard
Process for Data Mining (CRISP)) or any other technique that allows the storing of optimal
information.

Finally, the case study shows several aspects to be considered when a general method
will be defined. Therefore, as a first step, it can be concluded that the implementation of a
solution that contributes to technicians in designing the best locations of bike stations can
represent a powerful and cheap solution when leading the design of a BSS. This solution,
therefore, represents the first approach of a tool that will support a method, which will be
the next step in our research. Thus, there is expected to implement the software with the
tools and languages explained in Section 3.
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Appendices

Appendix A. Literature Review

Research Objective and method

[34]

-Minimize bike stock cost, service level measure by coverage, and available bikes.
-Greedy heuristic for stations (open/close station until reduce cost), Dijkstra's algorithm to determine the lanes,
and Palm's theorem for inventory management

[33]

-Proposed a deterministic centralized approach based on an integer non-linear program model.
-It manages an optimal inventory level to restock the inventory of bikes where the costs of replenishment and
number of units are minimal, and the stations do not remain unserved in the system.

[36]

-Maximize the revenue for stations, bikes, and relocation. The problem was solved in several days; it means
computationally intensive and with synthetic data. Based on simulations of trips by the hour, the authors
defined the fleet, station capacity, and location. They proposed a mix of strategic and operational planning.

[44]

Minimize the cost of private cars and public bikes with a bilevel optimization problem. The authors use the
population data to determine station locations, and they integrate two means of transportation.

(21]

Minimize the travel distance between stations and the overlapping between predefined clusters defining station
locations at scenic spots. The optimization cluster by cluster improves computing time; it was executed in a
city's specific zone.

[15]

Used a bilevel optimization model to determine station location, bike number, and parking lots for bikes. They
minimize the total cost of the whole transportation system (i.e., car, buses, cycling) with a study case in
Mexico.

Minimize travel time, consider initial bikes and parking lockers. The authors determine the dynamic demand
from O/D in periods. They used an illustrative example and a mixed strategy with operational planning.




