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Abstract. In this position paper, we define two new metrics: net visibility (the
fraction of the net that can be seen from the perspective of the puck) and net
reachability (the fraction of the net that could be reached by the puck). Reach-
ability is slightly different from visibility because even though there might be a
small portion of the net visible in a certain area (a hole), that hole may not be large
enough for the puck to pass through and reach the net. We describe a framework
for computing our metrics using a combination of puck and player tracking (PPT)
data and video analysis (image processing). We use data and video from an NHL
game to provide a proof of concept for computing net visibility and reachability.
We also describe areas where more work can be done to improve the accuracy
of the results and allow the computations to be fully automated. Our position
is that these metrics would be valuable in studying shooter decisions and skills,
goaltender and player locations and that the technologies could be used to create
virtual reality images or videos.

1 Introduction

Ice hockey players often score by shooting through small spaces that appear for only
a fraction of a second. We propose that one way to characterize this space is through
the concept of net visibility which we define to be the fraction of the goalmouth that is
visible from the perspective of the puck. We define net reachability to be similar to net
visibility with the difference being that it accounts for the size of the puck and the fact
that the puck may not be able to reach all areas of the net that are visible. For example,
the goaltender may expose a hole that is visible but smaller than the puck.

The key insight in this paper is that we can use a combination of puck and player
tracking (PPT) data from devices embedded in the players’ sweaters and the puck, and
video analysis to detect player locations and poses to construct a 3D-model of players
and the net. Once that model is constructed, we can generate a projected image of the
players onto the goalmouth (from the point of view of the puck). That resulting image
can be used to determine which parts of the net are visible and which parts are ob-
structed. From that image we can calculate the portion of the net that is visible and,
considering the size and shape of the puck, determine which portion of the net is reach-
able. Additionally, because we have a 3D-model of the players and net we can generate
images or videos from any point of view. Two views that we think are particularly use-
ful are the shooter’s view (which can be quite different from the puck’s view) and the
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goaltender’s view. The goaltender’s view allows one to understand the impact of traffic
on their ability to locate and track the puck. We believe these metrics could help with
coaching and player development.

2 Related Work

To our knowledge, we are the first in any sport to propose metrics that determine and
quantify how much of the net is visible and reachable.

Prior work in football (soccer) examines the impact of defensive players positioned
between the shooter and the goal (sometimes called traffic). That work often incorpo-
rates such information into shot prediction, or expected goals (xG) models [11] [9].
López-Valenciano et al. [12] examine the goaltender’s perspective during free kicks.
Using virtual reality to simulate and study the impact of occlusions, they found that de-
fensive walls during free kicks impair goalkeeper performance. In contrast, we calculate
metrics for shots in actual game situations, enabling realistic analysis.

Recent work in hockey analytics uses puck and player tracking (PPT) data to de-
termine the amount of traffic in front of the net and study the impact of that traffic
on shot attempts [15]. After controlling for shot angle and distance from the net, this
work shows that traffic has a significant impact on the number of blocked shots and
as a result, the likelihood of the shot being on goal, and the shot resulting in a goal.
Interestingly, they find that most goals are scored when there is no traffic and that when
shooting through traffic, the chances of scoring increase if the shot makes it through the
traffic. That work uses the location of all players on the ice to determine if they would
be considered in the traffic lane and does not consider how players that are closer to
the puck may have a more significant impact. Additionally, the PPT data does not pro-
vide information about player orientation or pose. In contrast, our work in this paper
recovers player locations and poses and can produce images to show what the traffic
looks like. This includes the larger impact of players that are closer to the puck. Most
importantly, we quantify how much of the net is visible and reachable.

For us to construct a 3D model of the scene, players must be detected in the video
image and their stance (or pose) must be determined. Player pose estimation has been
extensively explored with applications to player performance analysis and game under-
standing. A variety of sports, including ice hockey [2], [19], [13], [14], baseball [4],
[3], and soccer [20], [21], [1], have used human pose estimation techniques. For ice
hockey, GoalieNet [19] and HyperstackNet [14] are two monocular 2D techniques to
estimate the poses of goaltenders and players. Recently, TokenCLIPose [2] examines
pose estimation methods for players and their stick. 3D parametric human models are
widely used for robust 3D human reconstruction and understanding [8], [6].

We utilize parametric human models to estimate the 3D position and shape of play-
ers, enabling the identification of the visible region of the net from the puck’s perspec-
tive. These and related future contributions (e.g., more accurately recognizing player
and goalie poses and equipment) could improve the accuracy of our metrics.
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3 A Framework for Computing Net Visibility and Reachability

Our framework computes net visibility and reachability by explicitly reconstructing the
scene at the time of the shot. We first utilize the PPT data to determine when the shot
occurred and then obtain the puck and player on-ice locations and align this with the
video frame in which the shot occurs. The PPT data contains x, y, and z coordinates at
high frequencies (60 times per second for the puck and 12 times per second for each
player on the ice). Additionally, it contains information about shots and other events that
are derived from physics-based algorithms. We then construct a 3D parametric model
of all the players, scaled and positioned according to the PPT data. We use the 3D scene
to simulate a virtual camera to position it at the puck and then compute visibility via
rasterization and reachability by simulating direct trajectories to the net.

Figure 1 shows the four main steps in our framework, each containing several sub-
steps. Below, for each sub-step we: provide a description, explain how that step can be
implemented (labelled Current State), and point out areas where more work could either
improve the accuracy of the techniques or help in automating the computations (labelled
Opportunities). Opportunities are omitted if existing approaches seem sufficient.

Although we use some manual intervention in our proof of concept computation
in Section 4, technologies exist to fully automate all of these steps. Mature technolo-
gies exist for camera calibration, 3-D body pose recovery from images and video, 3-D
garment modelling and recovery, and 3-D scene rendering from an arbitrary viewpoint.
However, these technologies would benefit from fine-tuning for this particular appli-
cation. We have not found open source solutions for all steps so we have not yet fully
automated the framework. Additionally, we believe that the fine-tuning required for this
application is an important consideration before publishing metrics that might be used
to evaluate and compare teams and players.

1) PPT Data

Processing

2) Video

Processing

3) 3D Scene

Construction

PPT Data

Game Video

4) Visibility and

Reachability

Fig. 1. The framework for computing net visibility and reachability.

As a running example, we use the shot from Alex Ovechkin’s 856th career goal
(scored at 16:37 of the 1st period on October 29th 2024). The frame in the broadcast for
the beginning of the shot is shown in Figure 2. We use a video sequence of the goal,
along with puck and player tracking data as input, to compute net visibility and reacha-
bility. For our example computation, some sub-steps were performed manually (where
noted) because either existing techniques are insufficient or we were not able to find
open source software that could be easily used. Note that we selected this shot from
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publicly available game video based on the ability of existing technologies to recog-
nize players and poses. While existing technologies work in many cases, scenes where
players are heavily obstructed can be more challenging. The steps in our framework
are:

1) PPT Data Processing The first step in our framework is to process the puck and
player tracking (PPT) data (unofficial data from the NHL) for the game of interest.

(a) Determine the time of the shot in the PPT data (call this Ts). Description: To
determine what parts of the net are visible and reachable, we need to know the precise
time of the shot, Ts. Current State: Shot events and precise UTC times are labelled in
the PPT data, however, some shots are undetected and for some shots adjustments to the
shot time is required (to ensure that the puck is not too far from the shooter at the time
of the shot) [17]. Opportunities: Automating shot detection and precise release times
are continually being improved.

(b) Obtain on-ice location for players in the PPT data. Description: To correctly
place the 3D models on the rink we need their precise on-ice locations. Current State:
The on-ice (x, y, z) coordinates of all players at the time of the shot is available from
PPT data. Opportunities: Although the precision of the PPT location coordinates, is
typically within a few inches, improving that fidelity could increase the accuracy of our
metrics, as could the use of tracking devices on sticks or improved optical tracking.

2) Video Processing The second step involves finding the exact frame of game video
that corresponds to the shot release time and then identifying players in the video.

(a) Find the frame of the shot in the game video (call this Fs). Description: We need
to synchronize the PPT data for the time of the shot, Ts, with the frame of the shot in the
game video. There may be some ambiguity here because the PPT data contains data for
every one-hundredth of a second (interpolated), while game video is typically recorded
at 30 frames per second. Current State: In our example, we manually determine Fs by
looking for the last frame where the puck is touching the stick before release. Oppor-
tunities: For our approach to scale, we require a method to automatically determine Fs

and to synchronize Ts and Fs.

(b) Identify the players in the game video. Description: We need player identifica-
tion to place each player’s pose at the correct on-ice coordinates. We also use Player
identifications to appropriately scale players using their height from the PPT data. Cur-
rent State: In our example, we use a player tracking algorithm developed by Prakash
et al. [16] to get approximate on-ice locations of players using the game video. These
approximate locations are then matched to our precise PPT locations by calculating the
Euclidean distance between the video-based estimates and the PPT coordinates. Player
matching allows us to scale each player properly and provides a check that Ts and Fs

are matched. We believe that this step can be automated to find the appropriate frame
in the game video using the time of the shot event in the PPT data. The player tracking
algorithm also generates bounding boxes for each player, which we later match with the
bounding boxes provided by the 3D player modelling software, allowing us to assign
the proper mesh (i.e., player model) to each player. Opportunities: Player tracking is an
active area of research and new techniques are being developed to better handle player
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