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Introduction




Multi-object Tracking

* Tracking multiple objects in single camera

Image: https://learnopencv.com/understanding-multiple-object-tracking-using-deepsort/
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Image: https://medium.com/@shahrullo/visual-perception-for-self-driving-cars-part-2-6be5alca34bd



Multi-object Tracking

Image: https://www.globaiotuae.com/logistics-supply-chain/
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Challenges

* Occlusion can make detector to miss objects and cause ID changes

e |tis critical factor for the performance degradation in MOT

Image: Daniel Stadler and Jurgen Beyerer, “Improving Multiple Pedestrian Tracking by Track Management and Occlusion Handling.” CVPR, 2021. 6



Percentage (%) of ID switch

Percentage (%) of ID switch

Comments from Proposals

e Effect of occlusions on ID change

MOT17
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Method




TrackTrack

* Track-Focused Online Multi-Object Tracker (TrackTrack)
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TrackTrack

* Track-Perspective-Based Association (TPA)
— Assignment: We prioritize local matching precision

— Association Stage: We association through joint and single stage scheme

 Track-Aware Initialization

— Track Initialization: We exclude detection results that significantly overlap

with active tracks and other more confident detection results

13



Assignment

* Hungarian Algorithm

Companies

108

Services

Music Chef Clean

Image: https://dhpark1212.tistory.com/entry/Hungarian-Maximum-Matching-Algorithm 14



Hungarian Algorithm

0.10 | 0.48

0.33 | 0.72

0.62 | 0.16

0.18 | 0.53
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Image: Ting Meng et al., “Localization-Guided Track: A Deep Association Multi-Object Tracking Framework Based on Localization Confidence of Detections,” arxiv, 2023 19



Association Stage
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Image: Zhang et al., “ByteTrack: Multi-Object Tracking by Associating Every Detection Box,” ECCV, 2022
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Image: Zhang et al., “ByteTrack: Multi-Object Tracking by Associating Every Detection Box,” ECCV, 2022 21



Track-Perspective-Based Association

Dpign: High-confidence detection results
* D;,: Low-confidence detection results

Dgei nign: High-confidence deleted detection results by NMS
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Track-Perspective-Based Association

e Match

M = {(1;.d;)|T; = argmin Cy;, d; = argmin Cyp,, Cjj < 7y }
TieT dreD

* Exclude matched pairs

TIZT\{T@ ‘ (Tijd) EM}

D' =D\{d; | (T,d;) € M}
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Track-Aware Initialization

Image: https://www.datature.io/blog/introduction-to-bytetrack-multi-object-tracking-by-associating-every-detection-box



Track-Aware Initialization
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Experiments




Datasets

* MOT17

— Seven sequences each for training and testing

— Recorded in unconstrained environments
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A. Milan et al., “Mot16: A benchmark for multi-object tracking,” arXiv preprint, arXiv:1603.0083, 2016. 32



* MOT20

— Four videos for each training and testing

— Highly crowed scenes

P. Dendorfer et al., “Mot20: A benchmark for multi-object tracking in crowded scenes,” arXiv preprint, arXiv:2003.09003, 2020. 33



* DanceTrack
— 100 group dance videos

— 40 training videos, 25 validation videos, and 35 test videos

P. Sun et al., “Dancetrack: Multi-object tracking in uniform appearance and diverse motion,” in CVPR, 2022. 34



Quantitative Results

MOT17 MOT20

Tracker HOTAT IDF1T MOTAT AssAtT  Tracker HOTAT IDF1T MOTAT AssAfT
Offline-Based Offline-Based

SUSHI [7] 66.5 83.1 81.1 67.8 SUSHI [7] 64.3 79.8 74.3 67.5
CoNo-Link [13] 67.1 83.7 82.7 67.8 CoNo-Link [13] 65.9 81.8 77.5 68.0
Online-Based Online-Based

Hybrid-SORT-RelD [51] 64.0 718.7 79.9 63.5 StrongSORT++ [11] 62.6 77.0 73.8 64.0
FineTrack [32 64.3 79.5 80.0 64.5 UCMCTrack+ [52] 62.8 77.4 75.6 63.5
StongSORT++ [11] 64.4 79.5 79.6 64.4 Deconfuse Track [17] 63.3 77.6 78.1 62.7
Deep OC-SORT [26] 64.9 80.6 79.4 65.9 DATrack [27] 63.4 77.4 77.8 62.9
DeconfuseTrack [17] 64.9 80.6 80.4 65.1 SparseTrack [24] 63.4 77.3 78.2 62.8
SparseTrack [24] 65.1 80.1 81.0 65.1 FineTrack [32] 63.6 79.0 77.9 63.8
DATrack [27] 65.4 80.4 81.4 65.4 Deep OC-SORT [26] 63.9 79.2 75.6 65.7
CMTrack [40] 65.5 81.5 80.7 66.1 Hybrid-SORT-RelD [51] 63.9 78.4 76.7 64.5
AdapTrack [41] 65.7 82.3 79.9 66.9 ImprAsso [42] 64.6 78.8 78.6 64.6
UCMCTrack+ [52] 65.7 81.0 80.6 66.4 PIA [43] 64.7 79.0 78.5 64.9
PIA [43] 66.0 81.1 82.2 65.8 CMTrack [40] 64.8 79.9 76.2 06.7
ImprAsso [42] 66.4 82.1 82.2 66.6 AdapTrack [41] 65.0 80.7 75.0 67.8
TrackTrack (Ours) 67.1 83.1 81.8 68.2 TrackTrack (Ours) 65.7 80.9 78.0 67.3
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Quantitative Results

DanceTrack
Tracker HOTA1+ IDFIT MOTAT AssAT
Offline-Based
SUSHI [7] 63.3 63.4 88.7 50.1
CoNo-Link [13] 63.8 64.1 89.7 50.7
Online-Based
FineTrack [32] 52.7 50.8 89.9 38.5
OC-SORT [6] 55.1 54.6 92.0 38.3
SparseTrack [24] 55.5 58.3 01.3 30.1
StrongSORT++ [11] 55.6 55.2 01.1 38.6
GHOST [38] 56.7 57.7 01.3 39.8
CBloU [50] 60.6 61.6 01.6 45.4
Deep OC-SORT [26] 61.3 61.5 02.3 45.8
CMTrack [40] 61.8 63.3 02.5 46.4
UCMCTrack+ [52] 63.6 65.0 88.9 51.3
Hybrid-SORT-RelD [51] 63.7 67.4 01.8 -
TrackTrack (Ours) 66.5 67.8 93.6 L

36



Quantitative Results
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Qualitative Results
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