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Abstract: This work proposes a methodology based on Multicriteria Decision Aid (MCDA) and 

Cluster Analysis to identify ideal locations for the installation of police facilities or vehicle parking 

and policing around stadiums in Recife, Brazil, during potential violent sports events (criminal oc-

currences from football supporters or fanbases). K-Means unsupervised clustering algorithm is used 

to group criminal data into homogeneous clusters based on their characteristics. Each type of crim-

inal occurrence is linked to a single cluster. The optimal location is addressed based on the PROME-

THEE method (Preference Ranking Organization Method for Enrichment Evaluation), allowing 

clusters to be organized into a hierarchy based on the number of facilities (N), average distance (D) 

from the criminal occurrence to the associated cluster, and the coverage level (C) which is the pro-

portion of crime occurring in a location less than 500m from the associated cluster. Through data 

analysis on crimes and violence in the region, the study seeks to identify patterns of criminal behav-

iour and high-risk areas to determine the most strategic location for the police units and enhance 

the public security decision-making process. The choice for the k parameters ranged from 1 to 30 

incorporating all region of analysis, with computational cost of 43 minutes running time using Intel 

Core i3-3217U (1800GHz and 10 GB RAM). This approach and methodology can be useful to sup-

port public security policies in the region and contribute to the reduction of violence around the 

stadiums. The empirical application can help guide public managers' decisions regarding resource 

allocation and the implementation of more effective security policies, with the aim of ensuring a 

safer environment for fans and residents in the areas near the stadiums.. 
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1. Introduction 

Football (soccer) is a social event that brings together people from different social, 

economic, and cultural backgrounds, representing a synthesis of multiple passions, objec-

tive and subjective determinations [1]. Nevertheless, not randomly such events result in 

episodes of violence and misdemeanors in stadiums and their surroundings, especially in 

countries with a deep football-rooted culture [2]. Areas close to sports venues are often 

the scene of conflicts between rival fans, in addition to vandalism, theft and other forms 

of violence. Some interesting works on the topic include [3,4] studies on the violent be-

havior of football supporters in Brazil. 

Proper location of police units can be an important factor in preventing and reducing 

violence around stadiums. When there is a police unit close to the stadium, the police can 
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act more quickly in case of conflicts or acts of violence. This can help ensure the safety of 

fans and residents in areas close to the stadium. Furthermore, police presence can have a 

deterrent effect on potential offenders, reducing the risk of violence. This work seeks to 

identify strategic locations for installing police facilities considering their quantity with a 

hybrid spatial and multicriteria analysis method. In this work, a police vehicle with up to 

4 police officers is considered a police facility to provide more efficient and rapid re-

sponses to possible demands. 

This work proposes a hybrid method using the PROMETHEE and K-means tools to 

identify possible strategic locations for installing police facilities depending on their quan-

tity, improving public security and mitigating violence in regions around stadiums in Re-

cife, Brazil. Such a hybrid method is has a well-founded statistical base and widely avail-

able in languages and software. The justification for using unsupervised clustering is the 

necessity for an exploratory analysis without predefined labels or categories. In the case 

of crime data in Recife, defining explicit categories or classes may be challenging, as crim-

inal activities can be multifaceted and dynamic. In addition, unsupervised clustering 

methods are flexible and adaptable to different data types. In Recife, where several types 

of crimes are considered, this clustering approach identifies commonalities and differ-

ences across different crime categories and locations. 

Next section offers a theoretical foundation for the employed methods. Section 3 is 

dedicated to results and discussion of the empirical application. Section 4 concludes the 

work with a summary of results and discussions. 

2. Methods 

Facility Location Problem (FLP) is a topic of great interest in areas such as logistics, 

transport, public service management and other areas where there is a need to decide 

where to install new service units or equipment. The objective is to decide in the best pos-

sible way where to locate a certain number of services to minimize costs and maximize 

the efficiency of the service provided [5]. 

FLP is a complex problem involving several factors, such as the distance between 

facilities and customers, customer characteristics, facility capabilities, and demand for ser-

vices. The specialized literature presents several approaches to the solution of the prob-

lem, from mathematical models that seek the exact solution of the problem to heuristic 

algorithms that seek approximate solutions in a reasonable time. Many studies have con-

sidered methods to address the facility selection problem through the use of mathematical 

analysis and computer simulations [6]. 

The FLP solution can bring many benefits to society, such as improving the quality 

of services provided, reducing costs, optimizing resource distribution and improving us-

ers' well-being. Ideally, undesirable events (such as robberies, assaults, vandalism, etc.) 

should be as far away from society as possible, but we have no control over them. There-

fore, bringing desirable services closer to society is of interest. Many quantitative tools 

and information technologies are adequate for addressing socioeconomic issues and the 

problem of public security [7–10]. For the present study, the facility location problem is 

addressed by combining K-means clustering with Multicriteria Decision Aid (PROME-

THEE model). 

2.1. K-means 

K-means is a widely used unsupervised clustering algorithm for grouping data into 

homogeneous groups based on their characteristics. It is one of the most popular cluster 

classification algorithms due to its simplicity and efficiency [11]. 

This algorithm is iterative, starting with a random choice of k centroids representing 

each cluster's center. Then, each data point is assigned to the cluster whose centroid is 

closest. Once all points have been assigned to a group, the centroids are recalculated based 
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on the data points assigned to each group. This process is repeated until there are no more 

changes in assigning data points to groups or until the maximum number of iterations is 

reached. 

Although K-means is a simple and fast algorithm, it has some limitations, such as 

sensitivity to choosing the number of k groups and random initialization of centroids. 

However, there are techniques to deal with these problems, such as multiple random ini-

tialization and hierarchical sampling initialization. We combined this algorithm with the 

PROMEHTEE methodology for a more robust classification of vulnerable urban spaces. 

2.1. PROMETHEE 

The PROMETHEE method (Preference Ranking Organization Method for Enrich-

ment Evaluation) is an approach that guides the decision-making process, allowing the 

options to be organized in a hierarchy based on the preferences of the decision-maker [12]. 

Developed by Brans et al. [13], this technique helps classify actions according to the estab-

lished criteria, allowing a more precise and structured analysis of the available possibili-

ties. Non-compensatory decision-making models such as PROMETHEE have been well 

used in the literature to evaluate job satisfaction and resource allocation [14,15]. 

The PROMETHEE method can be defined in two steps. In the first step, the compar-

ison is made using preference functions of different types, such as difference functions, 

similarity functions and others. These comparisons generate a pre-order matrix that indi-

cates the preference relationship between the alternatives in relation to each criterion in-

dividually. In a second step, the person responsible for decision-making assigns weights 

to the criteria according to priorities so that the most relevant criteria receive more signif-

icant weight. 

It is necessary to assign weights to each criterion where each criterion i must have a 

weight 𝑝𝑖 . Thus, the degree of overclassification given by the equation can be calculated: 

𝜋(𝑎, 𝑏) = ∑ 𝑝𝑖𝐹𝑖(𝑎, 𝑏)

𝑛

𝑖=1

 (1) 

Where: 

𝑛= decision criteria 

𝜋(𝑎, 𝑏) = outranking of alternative a over alternative b 

𝐹𝑖= preference function for criteria 𝑖 

𝑝𝑖= weight for criteria 𝑖 

Based on the outranking degree of all alternatives, flows of alternatives can be calcu-

lated. There are three types of flow, positive, negative and net flow. The positive flow 

∅+(𝑎) measures how much an action is preferred over the other n-1 alternatives. Analo-

gously, the negative flow ∅−(𝑎) tells us how preferable the n-1 alternatives are. The net 

flow ∅(𝑎) subtracts the negative flow from the positive flow. This is basically how the 

alternative is performing compared to the others. The greater the net flow, the more pref-

erable the alternative. The equations calculate the flows are: 

∅+(𝑎) =
1

𝑛 − 1
∑ 𝜋(𝑎, 𝑏)

𝑏≠𝑎

 (2) 

∅−(𝑎) =
1

𝑛 − 1
∑ 𝜋(𝑏, 𝑎)

𝑏≠𝑎

 (3) 

∅(𝑎) =  ∅+(𝑎)−∅−(𝑎) (4) 

3. Results and Discussion 

The results for applying data-driven analytics and virtual learning technologies are 

crucial in optimizing resource provision and allocation with valuable insights into the 
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socioeconomic landscape [7,9,16]. By analyzing diverse datasets, including crime patterns, 

demographic information, and economic indicators, policymakers can make informed de-

cisions to address specific challenges and allocate resources effectively. 

The SEPLAG (State Planning and Management Secretariat) made available a data-

base with CVP cases (Property Crimes) and their respective geolocations throughout Per-

nambuco. This base covers cases from 2018 to 2021 across the state. Among the crimes 

present in this data are: thefts, theft, theft occurring in bank institutions, theft in public 

transport, mugging and robberies, theft of cargo, burglary, and commercial burglary. See 

Nepomuceno & Costa [17], De Carvalho and Costa [8] and Borba et al. [18] for a better 

description of those geographic-referenced crimes and the context where they operate. 

Even not having other types of crimes such as physical, sexual, psychological or 

moral, the existence of robbery data in general can be a useful indicator of occurrences of 

violence in urban areas. This is because robberies are often associated with acts of vio-

lence, such as physical aggression, threats and intimidation. Figure 1 illustrates the plot 

of crimes in Recife through the ArcGis software using OpenStreetMap as a base map. 

  
(a) (b) 

Figure 1. CVP (property crimes) Occurrences: (a) Total occurrences in Recife; (b) Occurences around 

stadiums (up to 1.5 km). 

The following table 1 reports the proportion of occurrences for each stadium based 

on the type of crime. 

Table 1. Proportion of CVP (property crimes). 

Types of CVP Arruda Ilha Do Retiro Aflitos 

Robberies 13,5% 2,9% 6,7% 

Mugging 76,9% 88,4% 81,3% 

Burglary 3,8% 1,4% 0,0% 

Theft and Robberies in Bus 3,8% 0,0% 1,3% 

Commercial Burglary 1,9% 5,9% 10,7% 

Theft and Robberies in Public 

Transport 
0% 1,4% 0% 

 

In order to minimize the problem of the initial choice of centroids, the multiple ran-

dom initialization technique was adopted. This technique is the default in the Scikit 
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library. The algorithm is executed with seeds from different centroids according to the 

specified number of times. The seed that generated the clusters with the smallest sum of 

the squared distances of the points to the cluster centroid is chosen. For this study, each 

clustering ran with 5,000 different seeds. It was using a notebook equipped with an In-

tel(R) Core(TM) i3-3217U processor at a frequency of 1.80GHz and 10GB of RAM memory, 

taking one hour and 43 minutes to complete. 

Scenarios were created to identify the best allocation of facilities based on the number 

of facilities (N), average distance (D) and coverage level (C). The weights for each of them 

were given by the ROC technique [19] considering the order of preference (under the cri-

teria). The following Table 2 reports the number of facilities (locations) for the 5 top-

ranked alternatives for each stadium considering all six scenarios: first scenario: (C, D, N), 

second scenario: (C, N, D), third scenario: (D, C, N), fourth scenario: (N, C, D), fith sce-

nario: (D, N, C), sixth scenario: (N, D, C). 

Table 2. Best Alternatives on each Scenario. 

  Scenarios   

Stadiums 1 2 3 4 5 6 Ranking 

A
fl

it
o

s 

30 Locations 11 Locations 30 Locations 7 Locations 26 Locations 1 Local 1º 

26 Locations 10 Locations 29 Locations 8 Locations 28 Locations 2 Locations 2º 

29 Locations 12 Locations 28 Locations 9 Locations 27 Locations 7 Locations 3º 

28 Locations 13 Locations 27 Locations 10 Locations 29 Locations 3 Locations 4º 

27 Locations 14 Locations 26 Locations 1 Locations 30 Locations 6 Locations 5º 

Il
h

a 
d

o
 r

et
ir

o
 

30 Locations 10 Locations 30 Locations 7 Locations 30 Locations 1 Local 1º 

29 Locations 11 Locations 29 Locations 6 Locations 29 Locations 2 Locations 2º 

28 Locations 12 Locations 28 Locations 8 Locations 26 Locations 6 Locations 3º 

27 Locations 9 Locations 27 Locations 9 Locations 28 Locations 7 Locations 4º 

26 Locations 14 Locations 26 Locations 5 Locations 27 Locations 3 Locations 5º 

ar
ru

d
a

 

30 Locations 8 Locations 30 Locations 6 Locations 30 Locations 4 Locations 1º 

28 Locations 10 Locations 29 Locations 7 Locations 28 Locations 1 Local 2º 

29 Locations 11 Locations 28 Locations 5 Locations 29 Locations 5 Locations 3º 

27 Locations 7 Locations 27 Locations 4 Locations 27 Locations 6 Locations 4º 

26 Locations 9 Locations 26 Locations 8 Locations 26 Locations 7 Locations 5º 

4. Conclusion 

The results report interesting prospects considering three criteria and six options in 

order of preference (scenarios). Among the scenarios, only two obtained a balanced 

amount of facilities. The remaining scenarios are not recommended options for a decision-

maker in any of the stages since these scenarios imply a high or insufficient number of 

facilities. Among the recommended scenarios at the Ilha do Retiro stadium, the second 

best alternative solved the problem of intersections with rivers. 

The proposed method has the advantage of simultaneous consideration of multiple 

criteria, such as socioeconomic factors, demographic data, and crime rates. This integra-

tion enhances identifying patterns and relationships within crime data, aiding in compre-

hensive decision-making for law enforcement and policymakers. Combining unsuper-

vised clustering with multicriteria decision aid addresses subjectivity by balancing sub-

jective criteria with data-driven insights. It also assists in identifying trade-offs in crime 

prevention strategies and uncovers complex interactions within the data, leading to more 

effective crime analysis. This integration ensures a consistent and informed decision-mak-

ing process in addressing crime challenges. 

Applying this methodology in other Brazilian stadiums and considering other crite-

ria not addressed in this work can be an interesting extension of the current analysis in 
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addition to using data standardization to verify the impact on the generation of clusters. 

Furthermore, the possibility of applying a multicriteria system that serves multiple deci-

sion-makers can also add value for the current approach. 
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