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VOT2021 ST/RT CHALLENGES: OVERVIEW
The VOT 2021 workshop
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VOT-ST2021 challenge scope

• Short-term, single-target, causal trackers, segmentation output 

• Initialize on the first frame and report position on the rest

• Mission: promote trackers that track for as long as possible

• No redetection: drifting off the target is considered a failure
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VOT anchor-based evaluation protocol

• Multiple initialization points

• Performance measures

• Accuracy (overlap between the ground truth mask and tracker output)

• Robustness (extent of the successfully tracked parts of sub-sequences)

• EAO (combination of both basic measures)
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The VOT-ST2021 dataset

• Public dataset (60 sequences) + 

Sequestered dataset (60 sequences)

Winner identified on sequestered dataset

• Both datasets refreshed (10%) 

• A challenging sequence added to each

• All frames manually segmented!

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

Object size change, Camera motion, Unassigned
Red – VOT2019 annotation by a bounding box
Blue – VOT2020 annotation by a segmentation mask 
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The VOT2021 ST real-time challenge (VOT-RT2021)

• Introduced in VOT2017

• Same performance evaluation protocol and measures as VOT-ST2021

• Required to process sequences at ~20 fps

• Winner identification protocol: 

Top EAO on the VOT-ST2021 public dataset

VOT evaluator Tracker
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VOT-ST2021 & VOT-RT2021
CHALLENGE RESULTS

The VOT 2021 workshop
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VOT-ST2021, VOT-RT2021: 53 trackers tested 

Tracking approach:ST/LT category:

Target state reporting: 
64% of trackers reported a segmentation mask

Deep features: 90% 
DCF: 56%
Siamese: 25%
Transformers: 17% [NEW!] 

ST0 (43%)

ST1 (43%)

LT0&LT1 (14%)
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VOT-ST2021 results on public dataset

• Top trackers:

• All top trackers are deep NNs: 

• VOT-ST2020 winner + 2 extensions

• 7 Transformers-based

• Segmentation:

• 5 localize by bounding box 

& segment by Alpharef1

• 3 apply transformer 

segmentation

Ranks

(1) RPTMask, (2) CFRPT, (3) TransT_M, (4) TregPlus, (5) DualTFRon, (6) 
F_TregPlus, (7) DualTFRst, (8) STARK_RT, (9) DualTFR, (10) RPT

1Apharef [YanCVPR2021] winner of VOT-RT2020

EA
O
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VOT-ST2021 results on public dataset

• Top trackers in EAO that stand out from the rest:

• RPTMask, CFRPT, TransT_M, TregPlus

• Excel both in robustness and accuracy

• Top in accuracy: STARK_RT

• Per-attribute analysis:

• Occlusion causes most failures and most

strongly reduces the accuracy
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Tracking keeps advancing

• Baselines & 2019 SOTA ranked at the tail of the benchmark

• 54% submissions above the VOT2021 sota bound

• 9 trackers outperform the VOT-ST2020 winner RPT

VOT-ST2021 published sota bound
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Tracking keeps advancing

Widely used in the top-performers 2019 - VOT-ST2020 winner

ATOM [Danelljan et al. CVPR2019] RPT [Ma et al. VOT2020]

„Although tracking itself is by 
and large a solved problem...“,
-- Jianbo Shi & Carlo Tomasi
CVPR1994 --

RPTMask [Fu et al. VOT2021]

Top on VOT-ST2021 public set

13/21



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

Close, but no cigar…

Widely used in the top-performers 2019 - VOT-ST2020 winner

ATOM [Danelljan et al. CVPR2019] RPT [Ma et al. VOT2020]

„Although tracking itself is by 
and large a solved problem...“,
-- Jianbo Shi & Carlo Tomasi
CVPR1994 --

Top on VOT-ST2021 public set

RPTMask [Fu et al. VOT2021]
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VOT-ST2021 results on sequestered dataset

• Comparable results between public

and sequestered set

• Biggest performance drop: TransT_M

• Clearly stands out: RPTMask

Public vs Sequestered dataset EAO
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• Top 10: (1) TransT_M, (2) STARK_RT, (3) DualTFRst, (4) DualTFR, (5) 

TransT, (6) fRPT, (7) F_TregPlus, (8) AlphaRef, (9) LWL_B2S, (10) SiamUSCP

VOT realtime challenge (VOT-RT2021) results

1AlphaRef [Yan et al., CVPR2021]

• 7 outperform the 
VOT-RT2020 winner1

• 28% of submissions 
outperform VOT-RT2021 
sota bound

• 6 transformer-based

VOT-RT2020
winner1

VOT-RT2021 published 
sota bound
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VOT2021 Realtime vs Baseline results

• 5 out of 7 top RT trackers among top 10 on VOT-ST2021 challenge!

• The top RT tracker does not loose any performance under RT constraint 

• 6 of top 7 RT trackers are Transformers – a new class indicating RT 

potential apart from excellent performance

EAObaseline - EAOrealtime

VOT-ST2021

VOT-RT2021
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VOT2021 ST/RT challenges summary

• VOT-ST2021:

• Deep DCF and Siamese correlation the dominant methodology

• Rise of new methodology – Transformers

• Half of top-performers two stage & apply AlphaRef for segmentation

• Performance improvements since VOT2020 are primarily due to segmentation 
accuracy

• VOT-RT2021:

• Emergence of transformers in real-time trackers

• Top RT trackers among top ST trackers – performance not sacrificed for speed
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VOT2021 ST/RT WINNER ANNOUNCEMENTS
The VOT 2021 workshop
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RPTMask by: Zhihong Fu, 
Liangliang Wang, Qili Deng, Kang 
Du, Qingjie Liu, Yunhong Wang

TransT_M by: Xin Chen, Jiawen
Zhu, Bin Yan, Dong Wang, 
Huchuan Lu, Xiaoyun Yang

“MultiTemplate Transformer Tracking”

Winners talks in Session III
(15:30-16:15, GMT-4 time zone)
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• The VOT2021 committee

• Everyone who participated or contributed

• VOT2021 sponsor:
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