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The Visual Object Tracking Challenge Results
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Why to add depth?

* In robotics people ask »Why to add RGB?«

o i -

* How to combine RGB and D?

* OR when to switch between RGB and D?

* Much less RGBD than RGB tracking datasets

* Depth simplifies:

* 3D sensing

* QOcclusion detection

* Object-to-background separation

* Challenges

Joni Kdmarainen (joni.kamarainen@tuni.fi)



RGBD Datasets

* Existing datasets:

* PTB [1]: 100 sequences, average sequence length: 214 frames,
short disappearances, synchronization problems, indoor only

* STC [2]: 36 sequences, average sequence length: 255 frames,
no target disappearances, limited outdoor scenarios
* Problems:
* Small number of sequences and/or they are short
* Depth is overly stable (lack of out-of-plane rotations)

* Single sensor used (overfitting)
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The VOT-RGBD 2020 Dataset (2019)

* 80 sequences, average length 1274 frames

* Frequent and long-lasting target disappearances

* Average target absence period: 56 frames
* Significant target 3D pose changes
* Axis-aligned bounding box

* Per-frame visual attributes:

Full Occlusion, Target out-of-frame,

Partial occlusion, Aspect change, Size change, Fast motion, Similar objects, Out-of-plane rotation,
Reflective target, Depth change, Deformable target, Dark scene, Unassigned

[3] CDTB: A Color and Depth Visual Object Tracking Dataset and Benchmark (A. Lukezic, U. Kart, J. Kapyla, A. Durmush, J.-K. Kimarainen, J. Matas and M. Kristan), In Int. Conf. on Computer
Vision (ICCV), 2019.
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The VOT-RGBD 2020 Dataset

* Diverse sensors:

Kinect-v2:

Stereo-camera pair:
ToF-RGB pair: 2

* |Indoor and outdoor sequences, spatially aligned and temporally |
synchronized (ask for raw data)
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VOT-RGBD setup

* Long-term tracking
- Full/partial occlusions (occlusion handling needed)
- Target may disappear (re-detection needed)
- Evaluation uses the VOT-LT protocol

* No sequestered data (thanks to COVID-19)

* Required outputs: bounding box and presence confidence
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VOT-RGBD 2020 Performance Evaluation

* No-reset experiment

* Tracker initialized in the first frame, tracks to the end of the sequence

* Long-term tracking performance measures [1,2]
* Tracking Precision (Pr): accuracy of predicted bboxes (when predictions given)

* Tracking Recall (Re): accuracy of predicted bboxes (when target visible)
* Tracking F-measure: F=(2 * Pr * Re) / (Pr + Re)
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VOT-RGBD from 2019 to 2020

2019 - 4 valid entries (1. SiamDW-D, 2. ATCAIS, 3. LTDSEd, and 4.
SiamM_Ds)

2020 - 4 valid entries (ATCAIS, CLGS D, DdiMP, and Siam_LTD)

We added baselines and the best trackers from all VOT categories
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VOT-RGBD 2020 Results

Tracker Pr Re F-Score ST/LT RGB/RGBD

@ATCAIS  0.7092 0.696(L 0.702D0 LT ~ RGBD

PDDIMP  0.7030) 0.6892 0.6962 ST ~ RGBD

8CLGS D 07250 0.664 06933 LT  RGBD

BSiamDW_D 0.677 0.6850 0.681 LT  RGBD

ALTDSEd 0.674 0.643 0.658 LT  RGBD

ORLT DIiMP 0.625 0.632 0.629 LT RGB

®LTMUB 0.680 0.581 0.626 LT RGB

OMegtrack 0.694 0.551 0614 LT RGB

PRPT 0.601 0.546 0.572 ST RGB

8Siam LTD 0.626 0.489 0.549 LT RGBD

P>OceanPlus 0.577 0.502 0.537 ST RGB

AAlphaRef 0.491 0.547 0518 ST RGB
Table 6. List of trackers that participated in the VOT-RGBD2020 challenge along with
their performance scores (Pr, Re, F-score) and categorizations (ST /LT, RGB/RGBD).
2020 submissions are ATCAIS, DDiMP, CLGS_D and Siam _LTD. SiamDW_D and
LTDSEd are 2019 submissions (SiamDW_D was the winner). RGB trackers are the
three top performers of VOT-5T2020 and VOT-LT2020.
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VOT-RGBD 2019 Per-Attribute Analysis (F-measure)
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Figure 16. VOT-RGBD2019 challenge: tracking performance w.r.t. visual attributes. The first eleven attributes correspond to scenarios
with a visible target (showing F-measure). The overall tracking performance is shown in each graph with black dots. The attributes full
occlusion and out of view represent periods when the target is not visible and true negative rate is used to measure the performance.
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VOT-RGBD 2020 Per-Attribute Analysis (F-measure)
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Fig. 14. VOT-RGBD2020 challenge: tracking performance w.r.t. visual attributes.
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VOT-RGBD 2020 General Findings
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VOT-RGBD 2020 Challenge Summary

Ingredients of the best RGBD trackers:

* Take the best available long-term RGB tracker with all tricks and hacks

* Use depth-based hacks and tweaks for occlusion detection
Open questions:

* Can depth provide discriminative features for tracking?

* Can we learn optimal depth usage from data?

* Depth for 3D tracking?
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VOT-RGBD 2020 Awards

Winner of the VOT-RGBD 2020 challenge:

ATCAIS by Y. Wang, L. Wang, D. Wang, H.
Lu and X. Yang

Tracker Pr Re F-Score ST/LT RGB/RGBD

@ATCAIS  0.7092 0.696L 0.7020 LT ~ RGBD

#DDIMP  0.7033) 0.6892 069622 ST~ RGBD

8CLGS.D  0.7250 0.664 06932 LT  RGBD

B>SiamDW_D 0.677 0.685() 0.681 LT  RGBD

ALTDSEd 0.674 0.643 0658 LT RGBD

ORLT DiMP 0.625 0.632 0629 LT  RGB

*LTMUB 0680 0.581 0626 LT  RGB

OMegtrack 0.694 0.551 0.614 LT RGB

*RPT 0.601 0.546 0.572 ST RGB

8Siam LTD 0.626 0.489 0.549 LT RGBD

P> OceanPlus 0.577 0.502 0.537 ST RGB

AAlphaRef 0491 0.547 0518 ST  RGB
Table 6. List of trackers that participated in the VOT-RGBD2020 challenge along with
their performance scores (Pr, Re, F-score) and categorizations (ST/LT, RGB/RGBD).
2020 submissions are ATCAIS, DDiMP, CLGS D and Siam LTD. SiamDW_D and
LTDSEd are 2019 submissions (SiamDW_D was the winner). RGB trackers are the
three top performers of VOT-5T2020 and VOT-LT2020.
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