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Preface

LINHAC 2025 took place June 2-4, 2025, and was organized by Linkdping University and
Linkdping Hockey Club. LINHAC brought together professionals and academics with an
interest in hockey analytics. It featured the latest research in hockey analytics in academia
and companies, discussions with analysts and coaches, industry sessions with the latest
hockey analytics products, and an analytics competition for students.

In addition to the research track and community notes, the program included talks by An-
dreas Hinni (49ing) and Olof Simander (Linkoping University) on large language model
interfaces to hockey databases, by Andreas Hinni (49ing) on analytics for officiating in the
Swiss League, by Adam Almgqvist Andersson and Johan Andersson (Swedish Ice Hockey
Association) on examples of concrete hockey analytics, by Erik Wilderoth (Firjestad BK)
with the title "No room for stagnation: We need to get better’, by Mikael Svarén (Dalarna
University and Swedish Sports Confederation), on using analytics for performance opti-
mization from an applied and academical perspective, by Robert Bandemer (d-fine) and
Karl Schwarzenbrunner (German Ice Hockey Federation) on how data enriches the ice
hockey game, by Curtis Harvey and Samuel Howorth (SMT) on skater and goalie work-
loads using player and puck tracking, and by Robin Blidstrand (Blidgency AB) on how to
create stories and memories in sports and TV production.

Further, there were panel discussions moderated by Mike Helber. A first panel was made
up of analysts from different European teams (Miika Arponen (Assit Pori), Martin Lund-
holm (Skelleftea AIK), Karl Malmquist (Linképing Hockey Club), Erik Lignell (HC Fribourg-
Gottéron SA)). The second panel discussed the state of the art and future of hockey analyt-
ics from the industry perspective (Tom Bertrand (Bearmind), Michael Elmer (KINEXON),
Leo Girod (Sportcontract), Andreas Hianni (49ing), Freddy Sjogren (Freddie Sjogren Con-
sulting AB), Morgan Zeba (Spiideo)). The third panel discussed sports analytics in use,
where we looked broader than hockey (Tom Bertrand (Bearmind), Ola Lidmark Eriksson
(Playmaker AI), Albin N Maelum (Stretch on Sense), Devin Pleuler (Maple Leaf Sports
& Entertainment)). The participants of the fourth panel consisted of NHL analysts (AJ
Bernstein (San Jose Sharks), Miranda McMillan (Montreal Canadiens), Josh Pohlkamp-
Hartt (Boston Bruins), David Radke (Chicago Blackhawks), Matthew Hamann (Nashville
Predators)). The final panel discussed the use of analytics in the media (Robin Blidstrand
(Blidgency AB), Andreas Hénni (49ing), Mike Kelly (Sportlogiq, NHL Network)).

Our industry collaborators presented their products: KINEXON Sports, Bearmind, 49ing,
Spiideo and Stretch on Sense.

This year’s LINHAC had an invited session on football analytics. Football analytics has
reached a higher level of maturity than hockey analytics and we invited representatives
from academia, teams and companies. Jesse Davis (KU Leuven) talked about an effort to
define a common data format for football match data. Pieter Robberechts (KU Leuven)
from the same research group presented their work on evaluating sports analytics models:
challenges, approaches and lessons learned. John Wall (Columbus Crew) discussed his use



of analytics to create sustainable success with succession planning and purpose during his
time as assistant coach with the Jamaican national team 2022-2024. Further, there was a
talk by Ola Lidmark Eriksson on the Playmaker Al system.

Finally, there was a student competition where the task was to provide insights based on
sequences of events in a hockey game. Data was provided by the SHL and Sportlogiq. A
jury consisting of Tim Brecht (University of Waterloo), Hassaan Inayatali (Chicago Black-
hawks), Patrick Lambrix (Linkoping University), David Radke (Chicago Blackhawks) and
Mikael Vernblom (Linkdping Hockey Club) selected the project Identifying and Analyzing
SHL Ice Hockey Match Styles Based on Event Data Aggregation and K-Means Clustering
by Yanjie Lyu, Qingxuan Cui, Huaide Liu, Han Xia, and Yi Yang as the winner of the
competition.

LINHAC is the only conference of its kind in Europe, and to our knowledge, it is the
only hockey analytics conference that covers all aspects related to hockey analytics. These
proceedings include the papers from the research track as well as community notes. The
program committee with chairs Tim Brecht and Niklas Carlsson, selected the research pa-
per Ice Hockey Action Recognition via Contextual Priors by Kseniia Buzko, Amir Nazemi,
David A. Clausi and Yuhao Chen as the winner of the best research paper award.

A companion book includes in addition to the research track and community notes, contri-
butions from industry, the student competition papers, as well as insights from contributors
to LINHAC regarding their experience with hockey analytics and thoughts about its future.

We thank our moderator Mike Helber, our conference service Way, and the members of our
local organization committee Mina Abd Nikooie Pour, Ying Li, Priyansh Gupta, Adriana
Concha, Jenny Rydén, Veronica Gunnarsson, Lene Rosell, Anders Cronstierna, and Daniel
Jemander, for their excellent support.

Last, but not least, we thank our collaborators the Alliance of European Hockey Clubs and
Sportlogiq, our sponsor the Swedish Research Council for Sport Science, and our silver
(Bearmind, KINEXON Sports), and bronze (49ing, Spiideo, Stretch on Sense) industry
collaborators.

July 2025 Patrick Lambrix (chair),
Tim Brecht (co-chair),

Niklas Carlsson (co-chair),

Mikael Vernblom (co-chair)
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Ice Hockey Action Recognition via Contextual
Priors

Kseniia Buzkol[0009—0009—9930—8497] Amir Nazemi1[0000—0002—8405—473X] David
A. CIausi1[0000_0002_6383_0875], and Yuhao Chenl[0000—0001—6094—0545]

Department of Systems Design Engineering, University of Waterloo, Waterloo, ON
N2L 3G1, Canada
{kbuzko,amir.nazemi,dclausi,yuhao.chenl@}@uwaterloo.ca

Abstract. Skeleton-based action recognition models, which are devel-
oped for generic human-pose data, struggle with ice-hockey broadcasts
player action recognition, where the players appear smaller, move abruptly,
and wield sticks that are invisible to standard skeleton models. To ad-
dress these issues, we propose CP-Hockey, a context-aware pipeline that
incorporates two domain-specific priors. First, a temporal player’s bounding-
box normalization stabilizes player scale across the player tracklet, rais-
ing top-1 accuracy from 31 % to 57 % on a six-class NHL dataset. Second,
we design hockey-specific skeletons that include stick end-points and op-
tional detailed head landmarks. A 15-keypoint body-plus-stick model
improves the accuracy to 64 %, while our full 20-keypoint configuration
reaches 65 %. Experimental results with STGCN++ and 2s-AGCN show
that both contextual priors are necessary: scale normalization reduces
spatial jitter, and stick keypoints disambiguate visually similar move-
ments such as stickwork versus striking a puck with a stick. CP-Hockey
establishes a strong baseline for fine-grained ice-hockey analytics and
provides a blueprint for adapting skeleton pipelines to other equipment-
centric sports.

Keywords: Ice Hockey Action Recognition - Skeleton-based Action Recog-
nition - Contextual Priors

1 Introduction

Player action recognition is a fundamental task in sports analytics, enabling the
automatic identification and classification of particular player movements during
the game, such as skating, striking a puck, or maintaining position. Understand-
ing these actions allows deeper insights into player strategies and game analysis.
Although sports such as basketball [2,5] and soccer [3, 18] have seen extensive
development in player action recognition methodologies due to their popularity,
ice hockey remains comparatively underexplored. Traditional approaches like the
Action Recognition Hourglass Network (ARHN) [1] rely mainly on static pose
input, ignoring temporal and ice hockey contextual information. By ‘contextual
information’ of broadcast ice hockey videos, we point to structured domain-
specific cues such as camera-driven scale changes and stick pose that go beyond

Linkdping Hockey Analytics Conference 2025 2
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Fig. 1. lllustration of the two contextual priors exploited by CP-Hockey. (a) Temporal
bounding-box (BB) normalization suppresses scale jitter by resizing every frame in the
player tracklet to the maximum BB dimensions. (b) A 15-keypoint ice hockey skeleton
(green body joints, red stick joints) with the stick pose which is vital for player action
recognition and not included in the generic 17-keypoint COCO skeleton.

the joint coordinates; the two contextual priors that we leverage in this work are
visualized in Figure 1.

Player action recognition in broadcast ice hockey footage is challenging for
several reasons. The players bounding boxes are small and fast-moving (Figure
2); rapid camera pans create scale jitter; bulky protective gear and frequent
occlusions confound generic pose estimators.

Most pose-based solutions for action recognition ignore the temporal con-
textual features of the data domain [22,7] and rely on generic 17-keypoint
human skeletons (such as keypoint COCO model [14]). However, static cropping
and resizing of a player’s bounding box on a frame-by-frame basis disregards
the temporal context, often resulting in irregular player scales and spatial jitter
across consecutive frames. This jitteriness of the players’ poses decreases the per-
formance of downstream models, as the player’s pose rapidly changes in size or
position due to camera e [edts rather than actual movement of the player’s poses.
Although generic skeletal configurations are widely used in human pose estima-
tion [14], they are not tailored for the ice hockey domain. Many of the keypoints
in these models correspond to body joints that can be easily occluded by hockey
gear like helmets or pads. In addition, they do not consider key objects such
as the hockey stick in their solution. From the perspective of contextual priors
in ice hockey, we argue that the hockey stick serves as a vital cue to recognize
actions in the sport. It can di Lerkntiate various actions, such as stickwork, where
the stick primarily makes contact with the ice, and striking the puck, where the
stick is in a winding-up motion.

Linkdping Hockey Analytics Conference 2025 3
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Fig. 2. Comparison of bounding-box pixel sizes between ice hockey (left) and volleyball
(right) broadcast footage [4]. In addition to the rapid movement of players and the
camera, the bounding boxes of players are relatively smaller in ice hockey broadcast
videos, which makes player action recognition more complicated.

In this work, we propose CP-Hockey, a novel ice hockey action recognition
pipeline that leverages contextual priors to address the mentioned challenges.
Our CP-Hockey pipeline benefits from contextual priors at two points (Fig-
ure 1). First, a context-sensitive temporal normalization stabilizes the bounding
box of each player’s tracklet throughout the action clip, suppressing camera-
driven scale variability. Second, our solution benefits from skeleton with stick
end-points, giving the action recognition model explicit access to stick pose and
motion. Through extensive experiments on an NHL hockey video dataset, we
demonstrate that integrating such contextual priors markedly improves player
action recognition performance in ice hockey broadcast videos.

This paper makes the following unique and novel contributions to player
action recognition in ice hockey broadcast videos:

— We implement a temporal bounding box normalization method that reduces
spatial jitter of a player’s tracklet in broadcast footage and improves the
skeleton-based player action recognition in ice hockey broadcast videos.

— We implement a novel skeletal configuration specifically tailored to the ice
hockey domain, which integrates stick keypoints to capture important stick-
related interactions, an aspect that to the best of our knowledge, has not
been previously explored.

— We perform extensive evaluations comparing graph convolutional networks
(GCNs) such as 2s-AGCN [9] and STGCN++ [6], generating empirical evi-
dence advocating for the use of STGCN++ with contextual priors in recog-
nizing ice hockey-specific actions.

Linkdping Hockey Analytics Conference 2025 4
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