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Background

0 Underwater object tracking (UOT) refers to the task of sequentially locating a
submerged instance in an underwater video, given its initial position in the first frame.

0 The underwater environment usually exhibits uneven lighting conditions, low visibility,
low contrast, watercolor variations, similar distractors, camouflage, etc. posing distinct
challenges for UOT compared to traditional open-air tracking tasks.
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Motivations

[0 UOT has not been thoroughly explored due to the absence of large-scale datasets,
benchmarks, and challenges in gathering abundant underwater videos.

[d Due to the huge appearance variation and behavioral differences among various
marine animals, models trained on small-scale datasets[1-4] struggle with unseen
species, leading to poor generalization performance.
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Motivations

[0 WebUOT-1M: The First Million-Scale UOT Benchmark
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[0 OKTrack: A framework to effectively transfer open-air domain
knowledge to the UOT model through knowledge distillation

NeurlPS 2024 DB Track WebUOT-1M, Chunhui Zhang



P
U 10
e DAl s,

3* " NEURAL INFORMATION
;i _ PROCESSING SYSTEMS

WebUOT-1M: The First Million-Scale UOT Bengﬁ'mark
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OKTrack: Omni-Knowledge Distillation Framework
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OThe omni-knowledge distillation contains token contrastive representation, similarity
matrix, feature embeddings, and response maps distillation losses for transferring
open-air domain knowledge to underwater domain.

A training-free motion-aware target prediction (MATP) to address model drift.
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Experiments and Results

[J Ablation Study
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Experiments and Results

] Results on WebUQOT-1M
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[J Results on existing UOT benchmarks (UOT100, UTB180, VMAT)

0.8

Precision
o
o

o
by

0.2

0.0

Precision plots of OPE on UOT100

UOSTrack: [0.635]

~ OSTrack: [0.633]

- STARK-ST50: [0.586]

All-in-One: [0.626]
OKTrack: [0.625]

GRM: [0.624]
SeqTrack-B256: [0.615]
UVLTrack: [0.603]
CiteTracker-256: [0.594]
AiATrack: {0.587)

SimTrack-B32: (0.572]
MixFormerV2-8: [0.570]
ToMP-101: [0.570])
TransT: [0.568]
AutoMatch: [0.542]
SiamBAN: [0.533]
KeepTrack: [0.522]
TrDiMP: [0.520]
VLT_TT: [0.519]
Ocean: [0.505]
SlamRPN++: [0.494]
PrDiMP: [0.487]
SlamCAR: (0.453]

VLT _SCAR: [0.423]
JOININLT: [0.405]
TCTrack: [0.379]

- ECO: [0.330])

SiamFC: [0.304]

- VITAL: [0.299]

ATOM: [0.243]

10 20 30 40
Location error threshold

NeurlPS 2024 DB T

50

Precision

1.0

0.8

O
B

o
P

0.2

0.0

Precision plots of OPE on UTB180

OKTrack: [0.673]

- UOSTrack: [0.601]

- Ocean: [0.459]

- SeqTrack-B256: [0.546]
~ CiteTracker-256: [0.545]

GRM: [0.592]
All-in-One: [0.574]
OSTrack: [0.570]
UVLTrack: [0.564]

AiATrack: [0.527)
TransT: [0.516]
ToMP-101: [0.502])
SimTrack-832: [0.478]
SlamBAN: [0.472)
MixFormerV2-B: [0.467] -
TrDiMP: [0.462)
AutoMatch: [0.461]

STARK-ST50: [0.458]
VLT_TT: [0.432]
SiamRPN+ +: [0.427]
SiamCAR: [0.416]
KeepTrack: [0.411]
PrDiMP; [0.390)
VLT_SCAR: [0.320]
TCTrack: [0.304]
ECO: [0.271]

VITAL: [0.249]
SiamFC: [0.223]

~ JOINtNLT: [0.197]

ATOM: [0.193]

10 20 30
Location error threshold

40

50

Precision

0.8

0.6

0.4

0.2

0.0

Precision plots of OPE on VMAT

- SeqTrack-B256: [0.6186)
- AiATrack: [0.597]
- ToMP-101: [0.587]

- MixFormerV2-B: [0.577] =

- SiamBAN: [0.452]

OKTrack: [0.671]

- GRM: [0.668]

UOSTrack: [0.653]
KeepTrack: [0.651]
UVLTrack: [0.635]
OSTrack: [0.624]
All-in-One: [0.623]

STARK-ST50: [0.579]

SimTrack-832: (0.573] —=
TrDIMP: [0.528]

TransT: [0.527) w’,’”‘—

T
22 -
ot

\

-~ CiteTracker-256: [0.5121’_";/'—""’

PrDiMP: [0.506]
AutoMatch: [0.482]
Ocean: (0.471)
SiamCAR: [0.470])
VLT _TT: [0.454]

SiamRPN++; [0.413)
JointNLT: [0.399]
ECO: [0.371]
VLT_SCAR: [0.364]

~ VITAL: {0.346)

TCTrack: [0.270]
SiamFC: [0.239]
ATOM: [0.209])

10 20

30 40 50

Location error threshold




;e :?.é;'\.“
},. NEURAL INFORMATION
‘.}i. . PROCESSING SYSTEMS
)

Experiments and Results

O Vision-language tracking: The Method Pre nPre AUC cAUC mACC
usage of more cues (e.g., language Language prompt
e . UVLTrack [44] 225 338 312 301 313
significantly boost tracking Language prompt + bounding box
performance. JOintNLT [R6] 255 349 327 315 328
VLTsc ar 28] 334 440 37.8 364 380
VLT [28] 417 521 483 473 488
ol o | dality: CiteTracker-256 493 584 546 537 552
ntegrating language moaality: UVLTrack [44] 525 600 558 550  56.6
OKTrack is a flexible and scalable All-in-One [[79] 53.1 615 57.1 564 580
baseline tracker that is not only
suitable for pure visual-based UOT Method Type  #Params FLOPs EPS WebUOT-TM
but can also be seamlessly Ot WA N 536 W B e

extended to underwater VL tracking.
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Conclusion

0 We introduce WebUQOT-1M, the first million-scale benchmark dataset featuring
diverse underwater video sequences, essential for offering a dedicated platform for
the development and evaluation of UOT algorithms.

0 We propose a simple yet strong omni-knowledge distillation tracking approach,
termed OKTrack. It is the first work to explore knowledge transfer from a teacher
Transformer using underwater and enhanced frames to a student Transformer in the
UOT area.

0 We comprehensively benchmark the proposed approach, along with 30 trackers
based on CNN, CNN-Transformer, and Transformer on both the newly proposed
WebUOT-1M and existing UOT datasets.
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THANKS

for listening

https://github.com/983632847/Awesome-Multimodal-Object-Tracking
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