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Abstract

The aim of this study was to evaluate different shape descriptors applied to images of poly-
gons that represent the organization of football teams on the pitch. The effectiveness of dif-
ferent shape descriptors (area/perimeter, fractal area, circularity, maximum fractal,
rectangularity, multiscale fractal curve—MFC), and the concatenation of all shape descrip-
tors (except MFC), denominated Alldescriptors (AllD)) was evaluated and applied to poly-
gons corresponding to the shapes represented by the convex hull obtained from players’ 2D
coordinates. A content-based image retrieval system (CBIR) was applied for 25 users
(mean age of 31.9 + 8.4 years) to evaluate the relevant images. Measures of effectiveness
were used to evaluate the shape descriptors (P@n and R@n). The MFD (P @5, 0.46+0.37
and P@10, 0.4010.31, p<0.001; R@5, 0.14+0.13 and R@10, 0.24+0.19, p < 0.001) and
AlD (P@5=0.4340.36 and P@10 = 0.39+0.32, p < 0.001; R@5 =0.13+0.11 and R@10 =
0.24+0.20, p < 0.001) descriptors presented higher values of effectiveness. As a practical
demonstration, the best evaluated shape descriptor (MFC) was applied for tactical analysis
of an official match. K-means clustering technique was applied, and different shapes of
organization could be identified throughout the match. The MFC was the most effective
shape descriptor in relation to all others, making it possible to apply this descriptor in the
analysis of professional football matches.

Introduction

With the possibility of obtaining data on the athletes’ position as function of time, analysing
the tactical formation of players of teammates and opponents, as well as patterns of play, has
been the aim of recent research on football [1-5]. Several computational methods have been
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developed and applied on the last decade to understand tactical behavior in team sports,
related to spatial parameters [6-8]. These variables are presented in the literature as relevant
components for the analysis of the organization of football teams on the pitch, such as cen-
troid, spread, stretch index, width, length and the surface area that the teams cover on the
pitch [3, 9-11]. In the literature, the surface area is usually represented by the area of a poly-
gon, obtained from the position of the players of the same team. Which represents the total
space covered by a given team on the pitch [3, 12].

Although the absolute values of the surface area represent good parameters for the charac-
terization of teams’ organization during a match and are largely used [1, 3, 9, 13], it can be
argued that different distributions of players on the pitch can provide equal surface areas or,
for similar organization shapes, it is possible that the teams present different areas, therefore,
only by magnitude of the surface area (m?), it is not possible to establish how teams are orga-
nized. In this sense, a more detailed analysis of the structural shape of the polygon, represented
by the surface area of football teams on the pitch, can provide information on the complexity
of organization during office matches. In fact, the way teams act on the pitch is associated with
their organizations to achieve success in the modality.

The structural shape of an object is considered an important feature to describe and distin-
guish certain objects [14]. Some shape descriptors are presented in the literature for the char-
acterization of a given object, such as the circularity, rectangularity, and length of the major
and minor axes of images (main axes) [15]. These descriptors are basically classified into two
categories: analysis based on contour or based on region [16]. As the labels suggest, the first
uses only information from the object’s outline, while the second uses all object pixels to obtain
a vector of characteristics.

An effective approach to describe and to estimate the complexity of a given shape relies on
the use of measures based on fractal dimension. The fractal geometry [17] is a field of mathe-
matics often employed for analysing the complexity of a shape. This theory has been used in
image processing, specifically for texture segmentation [18] and image compression [19]. One
of its fundamental definitions of the fractal dimension is a measure of complexity that general-
izes the concept of topological dimension. The Multiscale Fractal Dimension (MFD) is an
extension of the fractal dimension Minkowski-Bouligand, which uses Euclidean morphological
dilation for multiscale representation, as characteristic of self-similarity [20].

Once tools that describe the properties of polygons’ shapes associated with the organization
of football teams are not presented in the literature, it is necessary to implement, evaluate, and
validate methods of descriptors in ways that can better describe these polygons. Therefore, the
aim of this study was to evaluate different shape descriptors applied to images of polygons that
represent the organization of football teams on the pitch and to establish which is the best
descriptor(s) to describe the shapes of the team organization throughout a match. The initial
hypothesis is that the MFD may present better results to describe the shapes of the organiza-
tion of football teams, according to the fact that the MFD is not invariant at scale [20], which
allows the identification of shapes with similar complexity considering the respective scale (dif-
ferent areas for example). Additionally, we demonstrated a possible application of the best
evaluated descriptor to describe the organization of football teams throughout an official
match.

Materials and methods
Data collection

To obtain the surface area and obtain the polygons corresponding to the shape of organization
of the teams on the pitch as a function of time of a match, the 2D position of the players on the
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pitch was obtained using the DVideo software [21, 22]. The software has an average error of
0.3 m for determining the player’s position and an average error of 1.4% for the distance cov-
ered by the players [22, 23]. The study protocol was approved and followed the guidelines
stated by the local Institution-Ethics Committee of State University of Londrina (3.047.461)-
and in conformity with the recommendations of the Declaration of Helsinki.

Elaboration of the polygons that represent the tactical organization of the
football teams

As the object of study to be analysed, images of polygons were generated in MATLAB®
environment for an official match of the Brazilian first division football championship of
both teams involved. To represent the organization of teams in the pitch as a function of
time (¢), the convex hull was generated [3, 24]. The convex hull of a set of points Son a
plane (in this case, represented by players’ position on in pitch, without the goalkeeper
(Fig 1A), at each instant of time t, is the smallest convex set that contains S (Fig 1B and
1C). If S is finite, the convex hull is always a polygon whose vertices are a subset of points
S. The convex hull was computed by the QuickHull technique [24]. Finally, for each team,
binary images of the shapes of the convex hull (Fig 1D and 1E) were stored at each instant
of time.

Calculation of shape descriptors

For this study, different shape descriptors were calculated for the analyses of which ones can
better represent the images of the analysed polygons, as described below:

Multiscale Fractal Dimension (MFD). The fractal dimension (FD) is largely defined to
characterize objects in terms of complexity through fractional values and their self-similarity
[25, 26]. Among these definitions, the Minkowski-Bouligand fractal dimension has been one
of the most popular in image analysis [20]. This method allows the description of objects as a
function of different dilations (scales), obtaining a greater number of information (vectors of
characteristics) that can distinguish objects in different scales, being the multiscale fractal

-~ >

b
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|

Fig 1. Steps for the construction of images of the convex polygons that represent the organization of the teams in the
field: (A) Position of the players of each team at a given time; (B) Application of the quickhull technique for the
construction of the convex hull; (C) Convex hull polygon in the respective field position; Images of the shapes analysed
for each team, (D) Team 1 and (E) Team 2.

https://doi.org/10.1371/journal.pone.0256771.9001
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dimension (MFD) [20, 27]. The MED is calculated according to (Eq (1)):

MFD =2 — limM

" log(r g

where A(r) is the area of a region expanded by a radius r. The algorithm consists of three steps,
reported below, used to calculate the Minkowski-Bouligand fractal dimension [20].

« Euclidean Distance Transformation (EDT) by Image-Foresting Transform: this step con-
sists of the execution of the Image-Foresting Transform (represented in this case by the cost
map) to perform the EDT of the images. Given a set of points S in a Cartesian plane (x, y),
the expansion occurs by propagating the cost to adjacent pixels according to the Euclidean
distance matrix, provided that the new cost of the adjacent pixel is less than the previous
cost. This is a way to obtain simplified progressive values of the format (Fig 2A and 2B). The
greater the distance values are, the greater the simplicity of the shape and, consequently, the
smaller the details and similarities.

Evaluation of areas of dilated contours: each multiscale instance S(r) of the original form S
is obtained by the threshold of the cost map in a given Euclidean distance r squared; in this
way, it is possible to obtain the area of a multiscale instance, A(r), through the cumulative
histogram of the cost map. From Eq 1, it is also necessary to compute the log x log of these
cumulative histograms.

Estimate of the multiscale fractal dimension: defined as a common approach to evaluate a
fractal dimension with a single linearly adjustable value, the logA(r) x log(r) curve, and con-
siders fractal dimension F to be 2 minus the slope. For this study, a previously proposed
method was used [20], whose curve with a polynomial f/(r) with n degrees is adjusted, by
means of regression, to the logarithmic function of the area from which the derivatives can
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Fig 2. (A) Image of a polygon; (B) dilated contours; (C) Logarithmic function of the areas of exact dilation radius; (D)
Multiscale Fractal Dimension of the analysed image, with Maximum Fractal Value (MF), Multiscale Fractal Curve
(MFC), Fractal area (FA).

https://doi.org/10.1371/journal.pone.0256771.9002
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be obtained immediately. Thus, the fractal dimension of the dilated contours is obtained as a
function of the dilation radii, (Eq (2)):

F(r) =2 f(r) (2)

Fig 2C presents the result of the log x log cumulative histogram of the filtered cost map with
a polynomial of degree n (n = 10) for a vector of characteristics with a sample of 100 points in
an example using the contour shown in (Fig 2B). Finally, (Fig 2D) presents the final result of
the MFD for (Fig 2A).

After all the steps described above were performed, multiscale fractal curve (MFC) was
obtained for each image in the database. The MFC consists of the values of the scalar fractal
dimension, a variant of a given polygon. To characterize the shape of the figures, the maximum
value of the MFC (MF) was also identified, and the integral of the MFC was calculated, obtain-
ing the fractal area (FA) values below the MFC.

Rectangularity. The rectangularity can be defined as a measure of how well a shape can
approach the smallest rectangle that delimits the polygon (MER). The rectangularity is calcu-
lated according to (Eq (3)):

Rectangularity = Alshape) (3)
A(MER)
where A(shape) represents the area of the polygon (pixels) and A(MER) represents the area of
the smallest rectangle that delimits the polygon (square pixels).
Circularity. In this study, the circularity was defined according to (Eq (4)):
PZ
Circularity = = (4)

where P and A denote the perimeter and area, respectively. Both measures (rectangularity and
circularity) are dimensionless [15].

Area/Perimeter ratio. The shape descriptor that demonstrates the Area/Perimeter ratio
(AP) was also calculated according to (Eq (5)):

A
AP = 7 (5)
where A and P denote the area and perimeter of the polygon, respectively.

Alldescriptors. Finally, a feature vector (FV) was created by concatenating the values of
all descriptors, denominated Alldescriptors (AlID). In this FV, data from the MFC were not
included. It was organized as follows:

Alldescriptors = [AP FA Circularity MF Rectangularity];

With possession of the shape descriptor values calculated for each polygon as a function of
time, a system was implemented to evaluate the descriptors and identify the most relevant
polygons in relation to the query images randomly selected in the same collection images.
Therefore, a Content-Based Image Retrieved (CBIR) system was used for the evaluation of
descriptors [28], described in the following section.

Content-Based Image Retrieved (CBIR) system: Steps for implementation

For the implementation of a CBIR system, the image descriptor is very important, as it is used
to assess the similarity between the query and collection images [28]. In this study, 25 queries
were selected randomly from the same collection images. These queries represent different
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polygons that can be extracted from the same image base, which makes it possible to explore
the wide variety of shapes a team can present throughout a match. The process for preparing a
CBIR occurs in the following order [29]:

o The shape descriptors for queries were calculated, as well as for all collection images. This
step is important for the content-based image retrieval. Subsequently, a similarity analysis
was performed between the query and the collection images.

The similarity analyses between the query and the collection images were computed by
means of the Euclidean distance (in computation denominated L2) between the values of the
FV of each query for all collection images.

A ranking of the collection images was performed based on the Euclidean distance, from the
most similar (least distant) to the least similar (most distant) to the queries. This step was
performed so that the CBIR allowed us to identify the most relevant images of each descrip-
tor for each query. One descriptor is considered better than another if, when used, it leads to
more relevant results in the first positions of the ranking.

After accomplishing all the steps to build a CBIR, the relevant images (i.e. similar images)
obtained by CBIR were evaluated by real users, according to the guidelines of [29, 30]. For
each analysed descriptor, the first 12 most relevant images of each query were retrieved. For
each list of images selected in each model, these images were combined into a list, and then
duplicates were removed. In the end, the image lists were shuffled before being displayed to
users through an interface created specifically for this study.

Evaluation of the effectiveness of shape descriptors

Participants. For this study, 25 users (students and professionals of Sports Sciences) of
both genders (31.9 + 8.4 years old), were invited to evaluate relevant images obtained by CBIR.
Users visited the laboratory in a single session and signed an informed consent form. The
study protocol was approved and followed the guidelines stated by the local Institution-Ethics
Committee of State University of Londrina (3.047.461)-and in conformity with the recom-
mendations of the Declaration of Helsinki.

Interface to evaluating relevant images. An interface was created in the MATLAB®™
environment, in which a given query was highlighted to the participants, with images to be
analysed. The user, using the interface, analysed 84 possibly relevant images for each three que-
ries, with a total of 252 images. These images were presented on pages of six available images
for the same query and the user identified which of the images presented were most relevant in
relation to the query. After identifying the relevant image(s), we instructed the users to select
the image considered relevant. This process was performed for the three queries evaluated,
separately. As soon as each participant ended the evaluation, a data matrix was generated and
saved with the information of which images the participant considered relevant for each
query.

CBIR evaluation. Precision and recall measures were calculated to assess the effectiveness
of the ranked lists produced by different descriptors. The precision measures the fraction of
relevant images returned by the user in a given query (an input polygon) in relation to the
total number of images. The recall measures the fraction of relevant images returned for a
given query in relation to the total of relevant images existing in the collection images [29].

The precision for nth position (P@n) and the recall for nth position (R@n) were calculated
for a given number of images, which provides an assessment of the user’s impression of the
ranked results. P@5 and P@10 provide reliable metrics to assess whether the search obtains
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relevant images at the top of the ranking. Thus, the higher the concentration of relevant images
at the top of the ranking, the more effective the descriptor is considered [31].

The evaluation of the effectiveness of the system was measured using a precision x recall
curve and P@5, P@10 (Eq (6)), R@5 and R@10 (Eq (7)) values. Below are presented the calcu-
lations:

.. r
Precision = — (6)
n

r
Recall = — (7)
rt
where r is the number of relevant images to the descriptor, n is the total number of images in
the collection and 7t is the total number of images considered relevant for each query.

Statistical analysis

A measure of interpersonal agreement was tested by calculating the Kappa coefficient [32] to
verify the agreement between different users in identifying the relevant images for the queries.
The concordance analysis was performed for each of the 25 queries. Each query was evaluated
for three individuals namely A, B, and C. Thus, all subjects participated in the concordance
analysis performing one evaluation, resulting in three evaluations for each of the 25 queries.
The concordance analyses were performed in pairs (A x B; A x C; and B x C). The following
reference values were considered: k < 0.2 Slight agreement; k > 0.2-0.4 Fair agreement;

k > 0.4-0.6 Moderate agreement; k > 0.6-0.8 Substantial agreement; k > 0.8 Almost perfect
agreement [33].

Levene’s test was performed to analyse the homoscedasticity of the data. A sphericity analy-
sis was applied using Mauchly’s test. One-way analysis of variance of repeated measures was
applied to verify whether there were differences between the descriptors for the values of P@5,
P@10, R@5 and R@10. When differences were found, a Bonferrone post-hoc test was applied
to provide specific information on which data were different from each other. For all analyses,
a significance value of p < 0.05 was adopted. All results are presented as the mean + standard
deviation.

Results
Table 1 shows the results of agreement between the evaluators for the identification of the rele-

vant images during the effectiveness evaluation process. It is possible to observe a moderate

Table 1. Results of the interpersonal agreement analysis to identify the relevant images for each descriptor
among the 3 different evaluators (A, B, and C).

AxB AxC BxC
Area/Perimeter 22.54 19.27 31.03
FA 35.57 24.24 21.50
Circularity 21.13 20.99 23.31
MEF 14.64 07.40 16.57
Rectangularity 15.32 24.85 26.70
MEC 49.21 45.22 30.08
Alldescriptors 35.79 39.62 54.21

Abbreviations: FA = Fractal Area, MF = Maximum Fractal, MFC = Multiscale Fractal Curve.

https://doi.org/10.1371/journal.pone.0256771.t001
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Table 2. Results of the percentage of agreement between images considered not relevant (NR—NR) and images considered relevant (R—R) between 3 different

evaluators.
NR—NR

Area/Perimeter 76.66
FA 82.66
Circularity 78.33
MF 72.66
Rectangularity 77.66
MEC 52.00
Alldescriptors 50.00

AxB AxC BxC
R—R NR—NR R—R NR—NR R—R
4.66 80.00 3.33 79.66 5.00
4.66 85.33 2.66 85.66 7.33
4.00 74.66 5.00 77.00 4.66
4.33 75.66 2.66 70.66 5.33
3.33 79.00 4.33 76.66 5.33
24.00 57.33 17.00 45.66 21.00
20.33 54.00 19.33 51.00 27.33

Abbreviations: FA = Fractal Area, MF = Maximum Fractal, MFC = Multiscale Fractal Curve.

https://doi.org/10.1371/journal.pone.0256771.t1002

agreement between evaluators A x B and A x C regarding the identification of relevant images
for queries in relation to the MFC descriptor. Among B X C, higher values were identified for
Alldescriptors. Table 2 presents percentage results when the evaluators considered relevant (R)
and non-relevant (NR) images.

Fig 3 illustrates the search performance, in terms of precision x recall, for the collection
ranked in the seven evaluated descriptors. It can be seen that descriptors that obtain a
greater number of information (feature vectors), such as the multiscale fractal curve
(MEC) and then Alldescriptors (AlID), obtained better results of effectiveness, as con-
firmed in (Table 3). Statistical differences were observed among the descriptors for P@5
(F =33.62; p< 0.001) and for P@10 (F = 32.15; p< 0.001). The post-hoc test showed for
P@5 (F = 14.62; p< 0.001) that the results of the MFC and AIID descriptors presented sta-
tistically higher precision values in relation to all other descriptors. For P@10 (F = 11.76;
p<0.001), MFC and AlID also showed statistically higher precision values compared to all
other descriptors. The descriptor FA showed statistical differences for MF in P@5 and
P@10. For R@5, MFC and AlID presented statistically higher values in relation to all other
descriptors (F = 21.45; p< 0.001). The descriptor FA showed lower values among MF. For
R@10, MFC and AlID, the results were also greater in relation to all other descriptors
(F=22.26; p<0.001).

‘ Precision‘ X Recall : ArealPerimeter Ratio
——FA

=—Circularity
—o- MF
—2—Rectangularity
MFC
—*—Alldescriptors

Precision
T

05 06 07 08 09 1
Recall

Fig 3. Representation of retrieved performance results in relation to the precision x recall curve for all evaluated
descriptors. Abbreviations: FA = Fractal Area, MF = Maximum Fractal, MFC = Multiscale Fractal Curve.

https://doi.org/10.1371/journal.pone.0256771.9003
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Table 3. Values of mean + standard deviation for precision (P@5 and P@10) and recall (R@5 and R@10) for evaluating the efficacy of different descriptors.

Area/Perimeter
FA

Circularity

MF
Rectangularity
MEFC
Alldescriptors

Precision (P@5) Recall (R@5) Precision (P@10) Recall (R@10)
0.12+0.22 0.03+0.05 0.13+0.17 0.07+0.09
0.09+0.13 0.03+0.04 ' 0.09+0.13 0.06+0.10
0.14+0.18 0.04+0.08 0.14+0.16 0.09+0.10
0.20+0.20 0.06+0.08 0.1740.15 0.100.09
0.14+0.17 0.04+0.06 0.14+0.14 0.09+0.09
0.46+0.37 **Ta 0.14+0.13 *<Ta 0.40+0.31 #**Ta 0.24+0.19 *+<Ta
0.43+0.36 *+*Ta 0.13+0.11 #**Ta 0.39+0.32 #+*Ta 0.24+0.20 *+*Ta

Abbreviations: FA = Fractal Area, MF = Maximum Fractal, MFC = Multiscale Fractal Curve. The symbols indicate significantly differences (p < 0.05)

*different from area/perimeter ratio

*different from FA
*different from circularity
Tdifferent from MF

adifferent from rectangularity.

https://doi.org/10.1371/journal.pone.0256771.t003

Example of application using shape descriptors for match analysis in

football

Data collect. For exemplification purposes, an application of the method was performed
in a Brazilian professional football match, with application of the best evaluated descriptor.
The 2D position of the players was obtained by a video-based system, and images of the shapes
representing the organization of the teams were obtained (section “Elaboration of the polygons
that represent the tactical organization of the football teams”) throughout the match for the
first and second half of both teams (Team 1 and Team 2). Then, the MFC was calculated for
the description of the images (section “Calculation of shape descriptors”)

Data analysis. With the MFC values for each image, k-means [34] was applied to cluster
polygons to identify which shapes the teams adopted during the match. This clustering was
performed using Euclidean distance (ED) data from the MFC feature vectors. The Elbow
method [35] was used to identify the ideal number of k-clusters to be analysed, with the result
of k = 8. After identifying which shapes were performed during the match, the number of
shapes in each cluster was calculated as the percentage of occurrence in the match.

Results. Fig 4 shows the clustering results for the MFC of Team 1 (Fig 4A, 1° half; Fig 4B,
2° half) and Team 2 (Fig 4C, 1° half; Fig 4D, 2° half) in the 8 clusters. With the clustering of
the MFC, it was possible to identify which shapes the teams perform during the match. Fig 4
too presents the results, with examples of which shapes can be observed during the match,
when these shapes occur during the match (bar graphic) and the percentage of shapes (pie
graphic) for each cluster (Cl,. . ., C8) of Team 1 (Fig 4A, 1° half; Fig 4B, 2° half) and Team 2

(Fig 4C, 1° half; Fig 4D, 2° half).

Discussion

The aim of this study was to evaluate different shape descriptors applied to images of polygons
that represent the organization of football teams on the pitch and to establish which is the best
descriptor to describe the shapes of team organization throughout a match. This study also
presented an example of practical application of the best descriptor evaluated to identify the
shapes that football teams are distributed on the pitch during the match.

Creating a content-based image retrieved system (CBIR) is not a simple task since it
requires the creation of algorithms for encoding information from an image into feature
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20%

vectors (FV) and similarity measures to compare a given image for collection images [28],
which are commonly evaluated by real users [36, 37]. The results can be seen in (Fig 3), where
it presents a result of the descriptor performance in relation to the precision x recall measures.
We observed that the MFC descriptor presented a better performance for the retrieved images
in relation to other descriptors evaluated, as well as the descriptor Alldescriptors presented a
good performance. However, to obtain the values of the Alldescriptors of the images in the
database, a higher computational cost was necessary to calculate all the descriptors and orga-
nize them in a FV, which makes the descriptor Alldescriptors less efficient. Even so, it is possi-
ble to highlight that descriptors with the greatest amount of information (feature vectors)
presented better results, which can be confirmed in (Table 3). When observing the agreement
results, it was possible to identify a moderate agreement to consider relevant images when they
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were retrieved using the MFC descriptor for two agreement analyses (A x B; A x C;—Table 1).
When observing the percentage of agreement between the evaluators (A x B; A x C; Bx C),
especially between the relevant results (R-R) in the (Table 2), these values were low. However,
it is possible to observe bigger percentage of agreement for the MFC descriptor, followed by
Alldescriptors.

The results of this study corroborate the initial hypothesis that the shapes descriptor MFC
may be the best one to describe the analysed phenomenon, since it presented better precision
and recall values for P@5, R@5, P@10, and R@10 in relation to all descriptors evaluated, with
the exception of the descriptor Alldescriptors. These results show that the MFC descriptor can
be more robust in relation to the retrieval of images than other simpler descriptors, such as
Area/Perimeter, Circularity and Rectangularity, which presented inferior results, which are
invariant to scale, representing an important factor for the low performance of these
descriptors.

The objects analysed in this study are images of the polygons formed by the convex hull of
data from the position of football players. Football teams have different magnitudes of surface
area in the context of the match, for example, when are with or without ball possession [3]. In
this context, the teams may present different organization shapes during the match or even
similar, but at different scales, which makes it a complex phenomenon for the detection of
images, being necessary to perform an image transformation and detect these image variances
[38]. Thus, a descriptor that considers the variation in scale may be the best option for this
phenomenon, as was the case for MFC. This descriptor considers the representation of a shape
for different scales; that is, each scale is related to different fractal dimension values [20]. Two
other descriptors were also extracted from the MFC, such as FA and MF; however, a single
value that describes the shapes did not prove to be good compared to a FV.

When considering the MFC as a good tool to describe the shapes of the organization of
football teams, it was possible to apply it for the analysis in a football match of the Brazilian
championship, allowing us to identify the most common shapes the teams performed during
the match. Shapes with a larger scale were found more predominantly, such as (e.g. Fig 4D,
C1, of Team 2). In a comparison between the curves, the shapes that are smaller (e.g. Fig 4A,
C5, of Team 1), showed a decrease anticipatory in multiescale fractal dimension values in rela-
tion to the larger shapes (e.g. Fig 4A, C1, of Team 1). This happens due to the loss of format
self-similarity in a given dilation when it increases or decreases [20].

In the literature, it is possible to observe studies that reported the control of space per-
formed by teams on the pitch using the interpretation of the magnitude values of the surface
area (represented by the hull convex), central aspect for the interpretation of these data [1, 3,
39]. When the values of the images of the hull convex are obtained and analyzed by the CFM
values, it becomes possible to retrieve forms of organization that a given team performs. In the
present study, we identified that both teams presented several different forms, on different
scales, depending on different situations of the match. However, it was possible to verify that,
even with the great variety of shapes that a given team can present, some of the shapes are con-
sistent during the match. For example, team 1 presented the shape labeled “C6” during 36% of
the second half (Fig 4B). Particularly, one can argue two important feedbacks to players and
coaches with such analysis: a) the possibility of to confirm whether team organized the team-
mates accordantly to the strategy previously determined and b) the possibility of the coach to
draw the team shape desired and then search in the data the moments that the team played
accordantly.

Thus, by presenting an important tool such as the multiscale fractal dimension to describe
the organization of football teams, it was possible to extract the shapes the football teams per-
form during a match. From these results, it is possible to think about applying this tool in
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important conditions during a match, when a team is in attack or defense (with and without
ball possession) or analyses in determinant situations of a match, such as offensive sequences
resulting in goals, or even to characterize the organizational shapes in the different systems of
play (for instance, 4-4-2, 4-3-3, 3-5-2, etc. . .) adopted by teams of different countries and
competitions.

Limitations

It is also necessary to understand that the tool proposed is presented for a macro analysis per-
spective, considering the shape of the team formed by convex hull, neglecting, for example, the
team players who are inside the polygon. Thus, future studies should be considered to improve
this tool in more detailed analysis based on graphs, for example, considering all players on the
pitch.

Conclusion

The results allowed us to conclude that the multiscale fractal curve (MFC) descriptor is the
most effective descriptor in relation to all the others evaluated in this study, which is important
for describing shapes at different scales. Thus, it was possible to apply this descriptor during a
Brazilian professional football match and identify the shapes the teams perform during the
match. These results must be interpreted with caution, considering that it was applied only to
one football match, for both teams. Therefore, the analysis should not be extrapolated to a
whole context of the modality. Future studies should be applied with a greater number of
matches so that we can characterize game patterns of different nationalities, as well as in differ-
ent match contexts providing insights for coaches about the tactical performance of their
teams or opponents.
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