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Outline

1. Scope of the VOT2019 ST/RT/LT challenges 

2. Results overview (VOT2019 ST/RT/LT)

3. Winner announcement (VOT2019 ST/RT/LT)
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VOT2019 ST/RT CHALLENGES: OVERVIEW
The VOT 2019 workshop
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VOT2019 short-term challenge (VOT-ST2019)

• Short-term, single-target, causal trackers 

• Tracker reports the target state as a rotated bounding box

• No redetection: drift is considered a failure and tracker is reset
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The VOT-ST2019 dataset

• Public dataset (60 sequences) + 

Sequestered dataset (60 sequences)

• The VOT sequence selection protocol used

to refresh the VOT2018 dataset

• 20% of VOT2018 public dataset replaced, 

5% of VOT2018 sequestered dataset replaced

• Rotated bounding box automatically 

computed from pre-segmented image

• Each image annotated by 6 attributes: 
Occlusion, Illumination change , Object motion, Object size

change, Camera motion, Unassigned
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The VOT-ST2019 evaluation methodology

• Two weakly correlated measures2 chosen according to1: 

• Robustness (number of times a is reinitialized) 

• Accuracy (average overlap while tracking)

• + Combination of basic measures (EAO)

• Winner: Top EAO on the sequestered dataset

Performance measure
correlation analysis1

1Čehovin, Leonardis, Kristan. Visual object tracking performance measures revisited, IEEETIP 2016
2Kristan et al., A Novel Performance Evaluation Methodology for Single-Target Trackers, IEEETPAMI 2016
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The VOT2019 ST real-time challenge (VOT-RT2019)

• Introduced in VOT2017

• Required to process sequences at ~20 fps

• Same performance evaluation protocol and measures as VOT-ST2019

• The VOT-ST2019 public dataset used

• Winner: Top EAO on the public dataset

VOT evaluator Tracker
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VOT2019 LT CHALLENGE: OVERVIEW
The VOT 2019 workshop
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VOT2019 long-term challenge (VOT-LT2019)

• Required long-term tracker properties:

• Determine whether the target has been lost (or disappeared)

• Re-detect the target when it reappears

• Tracker output at each frame: bounding box + certainty score 
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Short-term vs long-term spectrum1

• ST0 (e.g., KCF2, MS3) 

• ST1 (e.g., MDNet4, ECO5) -> easily converted to LT0

• LT1 (e.g., TLD5)

ST/LT levels Position reported Determines target lost? Target re-detection
ST0: Basic ST each frame no no

ST1: Basic ST with
conservative updating

each frame not explicitly, selective 
update of visual model

no

LT0: Pseudo LT only when visible yes no
LT1: Re-detecting LT only when visible yes yes

1Lukežič, Čehovin, Vojir, Matas, Kristan, Now you see me: evaluating performance in long-term visual tracking, arXiv2018
2Enriques et al. PAMI 2015 ; 2Comaniciu et al. PAMI 2002; 3Nam et al. CVPR2016; 
4Danelljan et al. CVPR2017; 5Kalal  et al. PAMI 2011
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The VOT-LT2019 dataset (50 sequences)

• VOT-LT2018 extended by 15 sequences

(average sequence length >4k frames)

• Average per sequence disappearance: 10

• Average target absence period: 50 frames

• Axis-aligned bounding boxes

• Nine per-sequence attributes:
(1) full occlusion, (2) out-of-view motion, 
(3) partial occlusion, (4) camera motion, 
(5) fast motion, (6) scale change, 
(7) aspect ratio change, (8) viewpoint
change, (9) similar objects

11/30



Matej Kristan (matej.kristan@fri.uni-lj.si)

The VOT-LT2019 evaluation methodology

• Tracking properties measured:

Localization, Loss/Presence detection

• Initialized at first frame, no reset at target loss

• Three LT measures from VOT-LT20181: 

• Tracking Precision, Recall & F-score:
Pr 𝜏𝜃 , 𝑅𝑒 𝜏𝜃 , 𝐹(𝜏𝜃)

(depend on target presence certainty threshold 𝜏𝜃)

• Evaluated at presence certainty threshold 
𝜏𝜃
∗ that maximizes the tracker F-score

• Winner: Top performer in 𝐹(𝜏𝜃
∗)

1Lukežič, et al., Now you see me: evaluating performance in long-term visual tracking, Arxiv2018
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VOT-ST2019 & VOT-RT2019 
CHALLENGE RESULTS

The VOT 2019 workshop
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VOT-ST2019, VOT-RT2019: 57 trackers tested 

Tracking approach: ST/LT category: Target model:
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VOT-ST2019 results on public dataset

• Top trackers: 

• All top trackers are deep trackers: 

7 deep DCF (ATOM1), 

4 Siamese (SiamMask2, SiamRPN3)

• Localization:

• Mostly correlation by a template

(Discriminative/Generative)

• Position refinement by a regression 

network or segmentation Ranks

(1) DRNet, (2) Trackyou, (3) ATP, (4) DiMP, (5) Cola, (6) ACNT, (7) 
SiamMargin, (8) DCFST, (9) SiamFCOT, (10) SiamCRF

EA
O

1Danelljan et al. CVPR2019, 2Wang et al. CVPR2019, 
3Li et al. CVPR2018 
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VOT-ST2019 results on public dataset

• Top trackers are among the most robust trackers

(1) DRNet, (2) Trackyou, (3) DiMP, (3) ACNT   

• Top in accuracy:

(1) ATP, (2) MPAT, (3) ACNT

• Per-attribute analysis:

• Most failures due to: Motion change

• Mostly affects accuracy: Occlusion
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VOT-ST2019 results on public dataset

• Baselines ranked at the very tail of the benchmark

• 11 trackers published at major CV venues (≥2018)

• Their average performance: VOT2019 sota bound

• Over 38% submissions exceed this bound

VOT2019 published sota bound
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VOT-ST2019 results on sequestered dataset

• Large EAO value drop (39%) 

• 1.6 times increase in failures, 

accuracy comparable 

• Smallest change: ATP

Public vs Sequestered dataset EAO
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VOT realtime challenge (VOT-RT2019) results

• Top 10: (1) SiamMargin, (2) SiamFCOT, (3) DiMP, (4) DCFST, (5) SiamDW-ST, (6) SRTCS, (7) 

SiamMask, (8) SiamRPNpp, (9) SPM, (10) SiamCRF-RT

1Li et al. CVPR2018, 2Wang et al. CVPR2019, 3Danelljan et al. CVPR2019 

Approach: 
Siamese correlation
Bounding box regression
(e.g., SiamRPN1 , SiamMask2)

GPU-based

Two classes:

Approach: 
deep DCF correlation
Bounding box regression
(e.g., ATOM3)

GPU-based
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VOT2019 Realtime vs Baseline results

• A lot of the top baseline performers drop with real-time constraint

• The drop is smaller for real-time trackers on the baseline ST challenge

• Some achieve top real-time performance AND perform well on the baseline

EAObaseline - EAOrealtime

VOT2019 ST baseline

VOT2019 ST realtime
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VOT-LT2019 CHALLENGE RESULTS
The VOT 2019 workshop
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VOT-LT2019 challenge overview

• 9 trackers tested

• All trackers were from LT1 class:

Explicit target absence detection and re-detection implemented

Features: Model update: Architecture:
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VOT-LT2019 challenge results

• Properties of top 3 trackers: 

Apply a Short-term tracker + Detector

ST: deep DCF1 or Siamese template2

Absence det.: MDNet3, localization score

Re-Det: Region proposal nets (e.g., RPN4)

• Top-performer: LT-DSE

ST: ATOM1 + SiamMask5

Absence det.: MDNet3 (winner of VOT-ST2015)

Re-Det: Region proposal net from MBMD6

(winner of VOT-LT2018)

1Danelljan et al. CVPR2019, 
2Bertinetto et al. VOT2016, 3Nam et al CVPR2016,  
4Li et al. CVPR2018, 5Wang et al. CVPR2019, 
6Zhang et al VOT-LT2018 winner
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VOT-LT2019 attribute analysis

Most challenging:

• Out of view (target absent)

• View point change (appearance)

• Similar objects (identity switch)
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VOT2019 ST/RT/LT challenges summary

• VOT-ST2019:

• Deep DCF and Siamese correlation the dominant methodology

• Adoption of bounding box regression networks improves accuracy

• VOT-RT2019:

• Siamese correlation and Deep DCF the dominant methodology (switched places)

• Some of the fastest trackers are among top-10 on VOT-ST2019

• VOT-LT2019:

• Explicit object detection integrated

• Top performers: deep ST component, deep detector component
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VOT2019 ST/RT/LT WINNER ANNOUNCEMENTS
The VOT 2019 workshop
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VOT-ST2019 Winners

Winners of the VOT2019 short-term challenge:

ATP by: B. Li, D. Song, L. Wang, X. Tang, C. Zhang, Y. Liu, 
Z. Ni, S. Li, K. Wang, Y. Zhou, X. Bai, W. Liu, B. He, J. Liu

“Accurate Tracking by Progressively refining” 

(The talk up next!)
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VOT-RT2019 Winners

Winners of the VOT2019 ST real-time challenge:

SiamMargin by: G. Chen, L. Chen, G. Li, Y. Chen, F. Wang, S. 
You, C. Qian

“Discriminative Siamese Embedding for Object
Tracking” 

(The talk up next!)
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VOT-LT2019 Winners

LT-DSE by: K. Dai, Y. Zhang, J. Li, D. Wang, X. Yang, H. Lu

“Longterm tracking by diving videos into 
successive short episodes” 

Winners of the VOT2019 long-term challenge:

(The talk up next!)
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