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Figure 1:We develop an interactive visual analysis approach for interaction events in soccer data, which are extracted from
player tracking data based on a proximity condition. An interactive framework supports explorative visual analysis based
on categorical (a), spatiotemporal (b), feature-space (d), and detailed animation views (e). Based on appropriately designed
visual (c) and quantitative (d) encodings of player interactions, our approach establishes suitable analysis workflows for
investigating key-interactions that lead to successful outcomes – in this figure, a shot on goal (e).

ABSTRACT
Recently, visualization of sport data in general, and soccer data in
particular, has receivedmuch research attention. Visual sport data
exploration helps to understand behavior and performance of ath-
letes and teams, identify possible influence factors, and changes
over time, among other important tasks. In soccer match data,
much of the play is determined by direct interactions between
players spatially close to each other, competing for influence. We
introduce a novel visual analytics system for exploring pairwise
player interactions using a trajectory-based data representation in
a highly interactive multiple view approach. Our notion of player
interaction is based on proximity of pairs of players, and respec-
tive motion patterns represented as trajectories. Our approach
segments player interactions from soccer match data, as the basis
for linked analytical views. A matrix view allows to explore in-
teraction frequencies between players, group of player roles, and
assess overall game dominance between teams. An appropriately
defined interaction glyph allows to compare interactions based
on player motion, ball possession, and pitch position. We further
investigate the design of a descriptor encoding the geometric
configuration of interaction trajectory pairs, enabling common
analytical tasks like clustering or searching for similar interac-
tions. We demonstrate the applicability of our approach by use
cases on real soccer match data, detailing the analytical tasks
supported by our system.
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1 INTRODUCTION
In team sports such as soccer, a fundamental task of coaches is
the analysis of individual games to identify strengths and weak-
nesses, plan team lineups and tactics, and understand the critical
key events that lead to success or failure. Besides analyzing the
overall behaviour and interplay of an entire team, coaches are of-
ten interested in observing local interactions between individual
players of competing teams, such as tackles for the ball, as the
success or failure of these interactions can have a very high im-
pact on the match outcome. The important key actions deciding
the outcome of such interactions often happen within very few
seconds, where the skill and training of a player can be decisive.
Accordingly, coaches want their teams’ tactic to be organized in
a way that the strengths and weaknesses of their players regard-
ing different interaction types perfectly outbalance the opposing
team. Besides pure match analysis, a detailed assessment of a
player’s interaction behaviour is also important for scouting for
new players that optimally complement their team.

Several previous work have investigated visual analysis ap-
proaches for interactions either based on raw motion data [21,
24], employing an interaction definition merely based on imi-
tative motion [13], or focused on semantic aspects at the level
of global team tactics [31]. However, especially within invasive
team sports, considering short-time small-scale interactions and
their relations is highly relevant for the analysis process. Analyz-
ing these interactions comes with different challenges that stem
from the complexity and interdependencies of their contained
information. Simple pattern detection on the motion data is often
not feasible for this analysis task, as the crucial motion informa-
tion decisive for the interaction outcome is mostly concentrated



in a very short time span, and is further dependent on additional
semantic context such as the change of ball possession.

In this paper, we develop a visual analysis approach that ad-
dresses these challenges and aims at fostering an interaction-
centric analysis process, allowing for investigating game-specific,
player-specific and shape-based relations of individual interac-
tions in a soccer game. To provide an accessible notion of the
nature of individual interactions, we propose a suitable visual
representation as glyphs, encoding both motion data and seman-
tic context information (Section 3.2). We further investigate an
appropriate quantitative encoding of its motion data, providing
the analyst with a feature-related structuring of the data and giv-
ing rise to common analysis tasks like similarity assessment or
clustering (Section 3.3). To foster an in-depth analysis of matches
and player performances based on these interactions, a visual
representation of a player-related spatiotemporal context of these
Interactions Glyphs is proposed, summarizing the interaction his-
tory of individual or pairs of players (Section 4). Based on these
atomic encodings, the interaction data is made accessible in an
interactive analysis framework, combining means of navigation
and filtering in a categorical, spatial, temporal and feature-space
domain (Section 5). We demonstrate that our approach allows
for quick insights into the current game situation and its rela-
tions to the performances of players within individual or groups
of interactions (Section 6). In particular, our system supports a
causal investigation of game outcomes, aiming for an efficient
identification of key interaction events that led to a successful or
unsuccessful game outcome. As a result, our approach allows for
a deeper understanding of games in team sports, and gives rise to
new workflows for sports-related analysis and decision-making.

2 RELATEDWORK
Our work relates to several topics, including spatiotemporal vi-
sual data analysis, glyph techniques, and applications in soccer
data analysis. We next discuss selected related works and how
we add to it.

2.1 Visual Analysis of Spatiotemporal Data
Geospatial data arises in many areas, and to date, visual analysis
of this data has received much attention. There is already a rich
body of work on visual analysis of geospatial data in general [3],
and movement data in particular [1]. Key analysis tasks in visual
movement data include at which level of detail to describe move-
ment, how to compare movements, and identify similarities and
outliers, both for trajectories in isolation, or groups of trajectories.
To date, many applications have been studied, e.g., exploration of
dynamics of traffic flows [10, 23]. Also, in [25], animal movement
patterns are considered. Often, functional relationships need to
be considered for object movements, which may be influenced
by varying environmental influences on the movement.

Besides movement in physical space, movement can also be
an important factor when working with time-dependent visu-
alizations. In [30], patterns in time-dependent scatter plot data
were identified by movement analysis, e.g., allowing analysts to
group similar changes and segment meaningful time intervals of
the change.

In this work, we investigate a specific feature of group move-
ment data, that is, the motion of two locally interacting entities.
We analyze the interactions of such entities in terms of the geo-
metric configuration of their trajectory intervals at the time of
their encounter.

2.2 Visual Analysis with Glyphs
Glyph-based techniques are a well-known approach in visual-
ization, often designed to give compact overviews over large
amounts of data records and/or dimensions. According to [4],
"Glyphs are a common form of visual design where a data set is
depicted by a collection of visual objects referred to as glyphs".
Different visual channels are typically used to compose glyphs,
e.g., color, shape, size/height/length, orientation, texture, opacity
etc. Symbolic glyphs can also be used to represent trajectories
and movement [7]. Recently, Motion Glyphs [6] were introduced
to show properties of large dynamic graphs. The glyph design
includes an outer circle showing context of the graph, and a focal
part of the graph as a node-link diagram in the center. In a case
study, it was applied to sets of moving elements (fish schools),
supporting analysis of leader/follower patterns among others.
The Motion Rugs approach [5] is a dense visualization which
provides a space-efficient overview of development of moving
elements over time, supporting analysis of patterns in groups of
movers.

In our work, we rely on glyphs to show trajectory interactions,
using color, shape, orientation and size, as well as the outcome
of an interaction in terms of change in ball possession.

2.3 Soccer Analytics
The analysis of sports data in general [9, 18], and soccer data in
particular [17], has become an important application in visual
data analysis. Soccer Stories [17] represents one of the first visual
soccer analysis systems, giving visual designs for different soccer
match situations. Interaction allows to explore soccer matches
by phases and events, e.g., corner kicks, passes, dribbling etc. A
large amount of work in Soccer Analytics focuses on analyzing
team tactics and the global behaviour of a team [14, 16, 20, 22, 29].
Marcelino et al. [15] analyze behavior patterns of football players,
measuring performance fingerprints of individuals and teams,
and considering pairwise interactions to model and assess overall
team performance. Similar in spirit, our work focuses on inter-
action pairs as the basis on which team analysis builds. In our
approach we support exploration of interaction pairs by inter-
active cluster analysis and linked views for detail exploration.
In the literature, to date many player and match features are
considered for visual exploration, including free and interaction
spaces [27], pressure [2], collective team movement [26], perfor-
mance and event data [11], and much more. While many works
consider abstract pitch and trajectory visualization, some works
map derived data and visualizations onto soccer video streams,
for integrated analysis. In [28], such a mapping is proposed, and
shown that coupling video with visualization overlay allows for
effective match context in the analysis.

For the analysis of individual player movement, an important
aspect is to provide a proper visual representation and abstraction
of player’s trajectories [21], which also gives rise to designing
suitable approaches for interactive search within the trajectory
data [24]. We resort to similar abstractions for putting key in-
teraction events between players into a spatiotemporal order.
Other previous work has investigated the classification of partic-
ular match events like passes in football matches based on given
spatiotemporal data [8].

In our work, interactions between players and their outcome
are utilized as the key aspects of the analysis of a soccer game.
We propose an appropriate design to represent these interactions
as glyphs, which can be displayed in their spatial context on the
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