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ABSTRACT

Recently, strategies of National Basketball Association (NBA) teams
have evolved with the skillsets of players and the emergence of ad-
vanced analytics. This has led to a more free-flowing game in which
traditional positions and play calls have been replaced with player
archetypes and read-and-react offensives that operate off a variety
of isolated actions. The introduction of position tracking technol-
agy by SportVU has aided the analysis of these patterns by offering
a vast dataset of on-court behavior. There have been numercus at-
tempts to identify and classify patterns by evaluating the outcomes
of offensive and defensive strategies associated with actions within
this dataset, a job currently done manually by reviewing game
tape. Some of these classification attempts have used supervised
techniques that begin with labeled sets of plays and feature sets
to automate the detection of future cases. Increasingly, however,
deep leamning approaches such as convolutional neural networks
have been used in conjunction with player trajectory images gen-
erated from positional data. This enables classification to occur in
& bottom-up manner, potentially discerning unexpected patterns.
Others have shifted focus from classification, instead using this po-
sitional data to evaluate the success of a given possession based on
spatial factors such as defender proximity and player factors such
as role or skillset. While play/action detection, classification and
analysis have each been add d in li a i
approach that accounts for modern trends is still lacking. In this pa-
per, we discuss various approaches to action detection and analysis
and ultimately propose an cutline for a deep learning approach of
identification and analysia resulting in a queryable dataset complete
with shot evaluations, thus combining multiple contributions into
a serviceable tool capable of assisting and automating much of the
wark currently done by NBA professionals.
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1 INTRODUCTION

An interesting recent application of machine learning is the study of
strategies and patterns in major sports. Since 2012, when SportVU
first started capturing player location data during National Basket-
ball Association (NBA) games, there have been myriad pursuits to
parse this raw data and extract meaningful features about players
and the game itself. Professional basketball is a fast-paced, complex
system that is continuously evolving, making high-level features
challenging to obtain. As a result, most work identifying and ana-
Iyzing individual plays or actions within a game is still performed
by humans watching game tape. Several insightful approaches
have been used in attempts to remedy this by using modern ma-
chine learning tools like suppart vector machine (SVM) classifiers,
neural networks, and clustering algorithms to automate these time-
consuming tasks [10, 12, 14, 19, 21, 23]. Many of these approaches
seek to limit the problem domain by focusing on a particular play
or aspect of the game, but a coherent end-to-end system that parses
raw data and provides Al-driven recommendations has yet to be
fully realized. In this paper, we will examine and critique some of
the more effective approaches to pattern mining NBA player move-
ment data, focusing primarily on the most commonly researched
play action in literature: the pick-and-roll. We ultimately propose a
design for an analytic pipeline capable of play classification, pattern
detection, and quality evaluation with actionabl dation:

Machine Learning Predictive y for Player iction in NBA: i Opp ities, and CI
D. Stephanos, G. Husari, B. Bennett, E. Stephanos
Machine
Learning
Supervised Unsupervised
Learning Learning
|
A . M Artificial Newral K-means Dimensionality Association
B Classification Networks clustering Reduction Rules
Figure 1: T: of Machine Learning A hes Applied in the Domain

2 BACKGROUND

Basketball is a team spaort in which two teams of five active players
compete in timed possessions to amass as many points as possi-
ble by scoring, or getting the basketball into their goal, a circular
rim positioned 10§t in the air with a glass backboard. Several re-
strictions are placed on players, who must dribble or bounce the
ball when moving and may not leave the bounds of the rectangu-
lar court. In the NBA, games involve as many as fifteen players
per team, with twenty-four seconds possessions spanned out over
four, twelve-minute quarters. Traditionally, a variety of plays, co-
ordinated actions by a team involving multiple passes and play
movements, are performed in sequence with the objective of creat-
ing valuable scoring opp ities. Recently, these ies have

ignificantly evolved from | ipted plays, to read-and-react
affenses in which a variety of independent actions are performed by

and the execution, Figure 2 illustrates the approach and execution
stages.

(hE

Figure 2: An Illustration of an On-ball-screen Broken into

players who then read the defensive response and react accordingly.

2.1 Key Terms

First, we must define key terms pertinent ta our discussion. Perhaps
most importantly are two key terms we have already used: play and
action. For our purposes, we will define a play as a strategic and
intentional sequence of actions taken out by cooperating offensive
players in an effort to create the space required for a valuable
scoring attemnpt and an action as a discrete interaction between
2+ offensive players and their corresponding defenders. Both the
approach and execution stages may be executed in a number of
variants. Since only one player may be in possession of the ball
at a given time. many of these plays and actions involve what is
called a screen, in which an offensive player positions themselves
firmly between a player and the ball-handler, forcing that
defending player to navigate around them. subsequently creating
space for the non-screening offensive player.

There are many versions of screens, each with several additional
variants, but perhaps the most common is the on-ball screen. An
on-ball screen occurs when an offensive player sets a screen for
the ball-handler, and the ball-handler then guides their defender
into the screen. This can be broken in to two stages: the approach

PP h and ion Stages [19]

The on-ball screen is prominent in many plays, and can even
be considered a play itself, often referred to by one of its most
common variants, the pick-n-roll. The on-ball screen is a favorite in
the machine learning literature [10, 11, 19, 23], as it is a frequently
occurring action with an easily identifiable set up and great variety
of possible executions. As a result of the focus of the literature, we
will also focus our discussion towards this play action.

The remainder of this paper is organized as follows. In Section 3,
we discuss the dataset and the technology used to track and collect
positioning data of the ball and players during a game. A systematic
and detailed review of state-of-the-art studies on the different types
of machine learning systems applied and proposed in this demain
is given in Section 4. In Section 5, we present the current challenges
and promising oppertunities regarding the use of machine learning
for NBA predictive analytics. A conclusion is drawn in Section 6,

3 DATA

In 2012, the NBA began tracking player movements during games
by installing a total of six cameras that capture the location of all ten
players on the court, as well as the ball and three referees, twenty-
five times per second. This data was publicly available through the
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Nowadays, robots are dominating the manufacturing, entertainment, and healthcare industries. Robaot vision
aims to equip robots with the capabilities to discover information, understand it, and interact with the en-
vironment, which require an agent to effectively understand object affordances and functions in complex
visual domains. In this literature survey, first, “visual affordances” are focused on and current state-of-the-art
approaches for solving relevant problems as well as open problems and research gaps are summarized. Then,
sub-problems, such as affordance detection, categorization, segmentation, and high-level affordance reason-
ing, are specifically discussed. Furthermore, functional scene understanding and its prevalent descriptors used
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Affordance understanding is concerned with the possible set of actions an environment allows, an
area of study that aims to answer the question of how an object can be used by an agent. Ecological
psychologist James Gibson was the first to introduce the concept of affordances in 1966 [37). Since
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then, this theory has been extensively used in the design of better and more robust robotic sys-
tems capable of operating in complex and dynamic environments [53). In contrast to affordances,
which are directly dependent on an actor, functionality understanding relates to identifying the
possible set of tasks that can be performed with an object. Therefore, an object’s function is a
permanent property of it independent of the characteristics of its user. Affordance and funetional
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