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Approaching In-Venue Quality Tracking from Broadcast Video
using Generative Al
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(b) In-Venue Tracking

(D, (

A;Tb-\ass

] :

JRONK

a
Q9
—

£

] .

). C

G

(c) Event Data

(d) Raw Broadcast Tracking
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Introduction
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YOLOv8 object detection on a soccer game




Introduction

- Approaching In-Venue Quality Tracking from Broadcast Video using
Generative Al (2024)

- MIT Sloan Sports Analytics Conferencegf= AXZX 2M M A

- Multimodal transformer—diffusion framework for large-scale
reconstruction of soccer tracking data (2026)

- AFE HHE HE o= '-"(Computer Vision and Image Understanding)
- Al 2RIO| LR X F Hero| oA USALD O BH| SSA =X




Generating Complete Tracking Data via Diffusion
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- 1. Encoding block(Spatiotemporal Axial Attention)
. 2. Diffusion
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SAA(Spatiotemporal Axial Attention)
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(@) Temporal Attention (b) Spatial Attention



SAA(Spatiotemporal Axial Attention)
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SAA(Spatiotemporal Axial Attention)

- 3d video understanding
. cnn §10] self-attention@ =2 =
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- 3D CNNQ| XX
- 2%t Inductive bias ZX(local connectivity, translation equivariance)
- Long-range dependency 2&Z/2| otA|(cnn2 local receptive field 7|gt)
- Deep 3d cnn®8| =2 training, inference cost

- TimeSformer: pure transformer@t2 2 video O|8H0]| M A=
- SAA: temporal self attention & = spatial self attention &




SAA(Spatiotemporal Axial Attention)
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- TimeSformer: pxp patch
- ViVIT , VideoMAE: pxpxt patch (t=2,t=4, ...)



SAA(Spatiotemporal Axial Attention)

« TimeSformer
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1. Patch embedding ‘ 1>
2. Spatiotemporal positional embedding p!
3. Divided Space-time attention(transformer encoder) M{;>
- temporalz} spatial®l| CHsH E &= parameteriation2 52 2M learning +
capacityZ AX|11 71& d50| EUS l

Divided Space-Time
Attention (T+S)
=X : https://allaboutdeeplearning.tistory.com/entry/REVIEW-Is-Space-Time-Attention-All-You-Need-for-Video-Understanding
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SAA(Spatiotemporal Axial Attention)
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SAA(Spatiotemporal Axial Attention)

- SAA(Spatiotemporal Axial Attention): A| 22t =EsF {EIM
=H: encode broadcast tracking data

7|&: tracking data -> 2DO|0|X|Z A|ZZ2} -> cnn

= tracking data -> SAA




Multi-modal
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Multi-modal

- event data + broadcast tracking data
e 7|&: AXXE ynimodal domain@2 7t
e =8 AXXE multimodal domainl2 2t
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Diffusion
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Diffusion

- DDPM(Denoising Diffusion Probabilistic Models)
- Generative Al

- SAAE &4l ¥2 M MHE diffusione] ZHE=E &
- VAE -> GAN -> Diffusion
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Performance

- 578 I{A0] Cholf THE M7t A S »E 2tES o|Sot= Bi23 =, g
tracking data?| ds= H7tet (xReceiver metric)

- XReceiver Dataset: 13037|2| tracking data

- XReceiver model: SAA 71
- Tracking data -> SAA -> linear projection -> softmax
- o ™2 in-venue tracking H|O|E{2 E&, CHE 22 broadcast tracking

. H|AE A| MMEl H|0|E{= in-venue tracking CIO|E{2 EHEl DEIY| X



Performance(Top-k, loU)

« Top -k : &< k7l etof] HEHO| &6H=X]|

- loU: W e/ gret Hl=
- in-venue and raw broadcast tracking H|u
- in-venue and imputed tracking H|u!

Metric Raw Broadcast Imputed
Top-1 42.03 55.43
Top-2 59.42 76.81
Top-3 71.01 88.04
Top-4 80.43 93.84

Intersection over Union 0.5105 0.7121

In-Venue
59.06
79.35
90.94
93.48



Performance

Imputed

Broadcast Tracking

Passer 20
Receiver 28
Top xReceivers 89,10
Receiver in Top xReceivers? No
loU 0.5
Passer 20
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Critic

(+)
- Soccer Tracking data2| 213}
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Critic

« 72| AX X J[R STATS PERFORM
o =& 9| XX}O|X} STATS PERFORM =41 1tSHAL D E & 2 A

* https.//www.statsperform.com/ko/resource/applications-of-
generative-ai-in-sport-g2-update/
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Future work

. tracking data M (imputed) 2= M5 J{M
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