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Abstract

Activity analysis in which multiple people interact across

a large space is challenging due to the interplay of individ-

ual actions and collective group dynamics. We propose an

end-to-end approach for learning person trajectory repre-

sentations for group activity analysis. The learned repre-

sentations encode rich spatio-temporal dependencies and

capture useful motion patterns for recognizing individual

events, as well as characteristic group dynamics that can

be used to identify groups from their trajectories alone.

We develop our deep learning approach in the context of

team sports, which provide well-defined sets of events (e.g.

pass, shot) and groups of people (teams). Analysis of events

and team formations using NHL hockey and NBA basketball

datasets demonstrate the generality of our approach.

1. Introduction
Human activity analysis is a fundamental problem in

computer vision. Activities may involve a single person
performing a series of actions to complete a task, or they
can include multiple people distributed across a large space
collectively trying to achieve a shared goal. In this paper,
we focus on the end-to-end learning of feature representa-
tions for analyzing activities involving multiple interacting
people distributed in space. Our aim is to learn rich feature
representations that encode useful information about indi-
vidual events as well as the overall group dynamics.

We first observe that the trajectory a person takes while
moving across a large space can provide valuable informa-
tion as to the person’s goal or intention. When activities
involve multiple interacting people, the relative trajectory
patterns of different people can also provide important in-
teraction cues. For example, consider the snapshot of time
shown in Fig. 1, which shows a hockey player trying to pass
the puck to a teammate while an opposing player moves to
block the pass. A large volume of work has focused on
visual features for recognizing individual actions. These
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Figure 1: When activities involve multiple people distributed in
space, the relative trajectory patterns of different people can pro-
vide valuable cues for activity analysis. We learn rich trajectory
representations that encode useful information for recognizing in-
dividual events as well as overall group dynamics in the context of
team sports.

are typically built from challenging unconstrained Internet
video datasets such as UCF Sports [21], UCF-101 [25],
HMDB-51 [14], and Sports-1M [12]. However, it is hard
to determine what a crowd of players is doing by simply
inspecting the pixels inside the bounding boxes of players
in a video clip. It is helpful to analyze the relative posi-
tions of players over time as well, so as to understand the
spatio-temporal context and then understand the behavior
of each player. We will show that learned person trajectory
representations can encode useful individual and collective
movement patterns for analyzing group actions in video.

We develop our deep learning approach in the context of
team sports. Team sports are a useful testbed for complex
group activity analysis as they provide a well defined set of
events, such as pass, dump-in, and shot; well defined groups
(teams) with distinct dynamics due to differences in strat-
egy and tactics; and detailed annotations from sports ana-
lytics professionals. At the same time, sports video analysis
presents numerous challenges. Players move quickly and
often frames are blurred due to this rapid movement. Thus,
the input video clips do not always carry the rich visual
information expected. Moreover, sports video, especially
team sports, contains many player interactions. Interpreting
those interactions can help understand their activities as a
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