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Motivation

Most tracking datasets and MOT algorithms focus on tracking on a small set of categories such as cars
and people.

MOT Challenge KITTI MOT
1 class: people 2 classes: people and cars

Our goal is ta
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Why Tracking
Everything Is Important

A Enhancing safety for vision-
based autonomous driving

A Helping build general-purpose
robotics

A Helping monitor animals or video
shooting by drone
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Evaluation challenge 1: annotation is non-exhaustive

A It is prohibitively expensive to annotate every object when constructing lacgée datasets with many categories.
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Ground Truth on TAO validation set
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How can we identify and penalize false positive (FP) predictions?
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Evaluation challenge 1: annotation is non-exhaustive

A Is it possible for us to always get exhaustive annotations?

A What is an object?

Raw image Car
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Previous MOT metrics: incomplete annotation

TAOtrack mAP metric:
A Not penalizing if there is no grourd NHzi K A Y F2NXY I GA2Y | 02
or absence
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Rewards false positives
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Ground Truth
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Previous MOT metrics: incomplete annotation

TAOmetric:
A Not penalizing if there is no grourd NHzi K A Y F2NXY I GA2Y | 02
or absence
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Game-able

r (a e
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Copy

Paste

(a) Original b) After copy & paé

TAO track mAP| APt APs0ot AP7zs 1 AR1®
Before copy 0 0 0 0
After copy 62.9 75.2 50.5 YRY)
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Previous MOT metrics: incomplete annotation

TAOmetric:
A Not penalizing if there is no grourd NHzi K A Y F2NXY I GA2Y | 02
or absence

MOTA, IDF1 and HOMetric:
A Penalize every unmatched prediction
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How to penalize FP under incomplete annotations?

The of ground truth boxes that have different level lof in four different
datasets with exhaustive annotations along with their average.
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Extreme interobject overlap is very unlikely
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L ocal cluster based evaluation
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False Positive Localization are those in the local cluster but not matched to any ground truth
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Experiments (Metric): visualize outputs of best tracker
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AOA (optimized for TAO metric) TETeKoptimized for TETA)
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Which tracker Is better?

Start > End

FiIEE 1 Bus ID-1

Score: MOTA: 0, IDF1: 0, HOTA: O

A Association performance is ignored

Van ID-fI‘V

Score: MOTA: 33, IDF1: 33, HOTA: 44

A Overemphasize the classification

Tracker B

This example raises an interesting question: is tracking still meaningful if the class prediction is wrong?
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L ocal cluster based evaluation

TAO evaluation: Track mAP
BDD100K evaluation: mMOTA, mIDF1

Class 1
track GT

Class 1 track

C\aSS result HOTA

Track Results MTETA

Class " Class N track ) MOTA/ /
Pre result HOTA
aq
Prerequisite el
track GT
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L ocal cluster based evaluation

TAO evaluation: TETA
BDD100K evaluation: TETA

usters Class 1

Class 1 track

\,OCa‘

d
pre result TETA \

Track Results MTETA

Lo
Atiop, Class N track ) /
Pr @d result TETA
Locay Class N
Clusters track GT
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Game-able

r (a e
zebrao.%— zebra(0.25

Copy

Paste

(a) Original b) After copy & paé

TETA (ours) |TETA 1 LocA 1 AssocA 1 CIsA 1
Before copy 47.6 80.1 59.6 3.2
After copy 13.8 3.3 10.2 27.9
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Experiments: analyze trackers more comprehensively

Start > End

Score: MOTA: 0, IDF1: 0, HOTA: O

A Association performance is ignored

Tracker A TETALoOCA 100, AssocA 100, CISAO
Van ID-71_7
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Score: MOTA: 33, IDF1: 33, HOTA: 44

A Overemphasize the classification

TETALocA 100, AssocA33, CIsA 100

Tracker B
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TETA Metric has been used by many follow-up works

GLEE: General Object Foundation Model for Images and Videos at Scale (CVPR 2024 )
NetTrack Tracking Highly Dynamic Objects with a Net (CVPR 2024)

MeMOTR LongTerm MemoryAugmented Transformer for MulDbject Tracking (ICCV 2023)
OVTrack: Opemocabulary multiple object tracking (CVPR 2023)

COMOT: Boosting Entb-end Transformetbased MultiObject Tracking (ICLR 2024)
X o

Too Joo T To Do

Tracking Any Object (TAO [20])
Method ]
TAO benchmark evaluation LocA  AssocA  ClsA
Method Base Novel

TETA*T LocAT AssocAT ClsAT TETA*T LocAT AssocAT CIsAT

Method |mTETA mHOTA mLocA mAssocA mAssA

QDTrack [ ] 47.8 459 485
DeepSORT [ 7] | 48.0 464 467
MOTR [ /7] 50.7 358  51.0
TETer [ 7] 50.8 472 529
MeMOTR (ours)| 53.6 38.1 567

¢ )]-SORT [6]
Detic [130]-XMem t[17]

- OV2Seso- )3
(34 a-BY [93 :
¢) Zero-shot setting UNINEXT (R50) [112]

NetTrack (ours) 33.0 45. 28.6 4. 32.6 51.3 3.3 GLEE-Litet
GLEE-Plust
GLEE-Pro}

TETA supports both box and segmentation tracking evaluation now!

ooooooo
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Algorithm challenge:

(a) Pedestrian MOT (b) Open Vocabulary MOT
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Previous multi-class MOT paradigm

Localizer
Class Prediction

Video Frames

Instance Association
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Class Exemplar Matching

Class Exemplar Matching

Large-scale Dataset

)

Localizer

Video Frames

Instance Association
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Experiments
(TETer)
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Experiments (Tracker): BDD100K and TAO

Method Split mMMOTA mIDF1|TETA LocA AssocA CIsA
DeepSORT | val | 35.2 49.3 | 48.03 46.36 46.69 51.04
QDTrack val | 36.6 51.6 |47.84 45.86 48.47 49.20
BDD100K TETer val | 39.1 53.3 [50.83 47.16 52.89 52.44
DeepSORT |test | 34.0 50.2 | 46.75 45.26 47.04 47.93
QDTrack |test| 35.7 52.3 |49.17 47.19 50.93 49.38
TETer test | 37.4 53.3 |50.42 46.99 53.56 50.71

Method TETA LocA AssocA ClsA
SORT 24.845 48.13 14.32 12.08
Tracktor 24.15 47.41 12.96 12.08
TAO DeepSORT 25.98 48.35 17.52 12.09
AOA 25.27 23.40 30.56 21.86
Tracktor+-+ 27.97 49.04 22.81 12.05
QDTrack 30.00 50.53 27.36 12.11
TETer 33.25 51.58 35.02 13.16

.0,‘:.‘.0:0}' CVL ''''' ETH-urich Li, Siyuan, et al. "Tracking every thing in the wild." ECCV 2022



Experiments (Tracker): Qualitative

TETeon BDD100k
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Experiments (Tracker): Qualitative

TETeon TAO
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From close-settoopen-vocabul ar
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Challenge 1

Currentcloseset MOTmethods extendingtheir pre-defined

taxonomies

How to identify and track the objects from ?
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Challenge 2

Lackof videoannotationswith diverseclassedor learningrobusttrackingsignals

$

Howdo we getsuchsupervision annotation®
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We propose

Base
Generative Categories
VL Model
Instance
Similarity
Learning

(Base + Novel )
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Our solution: diffusion-based data augmentation

Goal: create a fake video pair from static images where we have rich annotations
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Our solution: diffusion-based data augmentation

Caption: A herd of elephants walking down a grass covered marsh

Branched denoising Output

- PoOsitive Pair

Negative Pair

[2] Rombach, Robin, et al. "High-resolution image synthesis with latent diffusion models." CVPR 22



Our solution: diffusion-based data augmentation
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Our solution: diffusion-based data augmentation

Instance Similarity
Learning

- PQSItive  Pair

Negative Pair
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Our benchmark

A Dataset Splitwe usethe LVIS viaxonomy
frequent andcommonclasses
rare classes

A EvaluatiorsequencesTAOvalidationandtest setsequences

A Trainingset LVISstaticimagesandannotations

A Evaluation: TE Tietric.
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Quantitative results

Openvocabulary MOT Benchmark

Method | Classes | Data \ Base | Novel

Validation set | Base Novel | CC3M LVIS TAO | TETA LocA ClsA | TETA LocA ClsA

QDTrack [16] 27.1 d 11.0 22.5 42.7
TETer [34] 30.3 : 12.1 25.7 459
DeepSORT (VILD) [65] 26.9 ! 17.7 21.1 46.4
Tracktor++ (ViLD) [?] 28.3 3 17.0 22.7 46.7

OVTrack 355 : 202 | 278 488

RegionCLIP [75]

+ DeepSORT [65] 28.4
+ Tracktor++ [3] 29.6
+ OVTrack 36.3

Test set

QDTrack [16] 25.8
TETer [34] 29.2
DeepSORT (ViILD) [65] 24.5
Tracktor++ (ViLD) [}] 26.0

OVTrack 32.6 169 | 241 418

RegionCLIP [75]

+ DeepSORT [65] 27.0 16.1 18.7
+ Tracktor++ [}] 28.0 15.7 20.0
+ OVTrack 34.8 17.3 25.7
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OVT-B benchmark (NeurlPS 2024)

Table 1 Stdtlxtm of MOT da 1\eti. and OVMOT datasets. We provide the number of classes (#Cls.),
‘ ( ) s 5, and the image
resolutmn (Res./pL duration (Dur./second), and av

annotation frame rate (Ann./fps).

#Vid. #Track #Box  #Frm. Res. Dur. #0bj.

: 3993 901K 33K 480-1080 1-63

MOT20 3 3 2102K 13K 880-1080 : 1-94

KITTI () 2600 80K 15K 512 0-30

DanceTrack 00 990 b7'7K 105K 720-1080 2
AVDT 2700 80K 540-1080

17287 : 2674 0 C 1-10
: 10-128

..‘ ‘ () Computer Iy "
R ‘.‘.‘ CV E,HZUfICh Liang, haiji, et a-B:ANew L&gé-Bcale Benchmark for Open-Vocabulary Multi-Object Tracking, NeurlPS 2024



Sti1 || reqgul res expen
Can we go to
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We need to scale

Video Generated by Sora Basic compute 32x compute

From GP to Sora, the scaling law continues to show its power
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How to scale

A Condition to scale:
A Massive raw data
U GPT: massive text data
U Sora: massive raw videos and images

A Reasonable and cheap supervision
U GPT: next token prediction
U Sora: raw video as output supervision

A Condition for the supervision:
A Do not need many manual annotationslf-supervision
A Enable to train with raw images and videos

..:.:.“.:.:..CVIE: :::: mzurl'ch Li, Si yuan, et
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Review on existing satipervision signal

APixel-wise supervision by warping

Learned warping

Photometric
consistency loss

.....‘. Computer L " - - N . .
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Review on existing sadtipervision signal

APatch-wise supervision by cycle consistency

© aquery @ target
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Review on existing sadtipervision signal

Representation learning on raw images

Frame-level Similarity

A Traditional paradigms:
x SImMCLR
x MoCo
f0) Representation £0) x  DINO

A Learn by framdevel similarity from augmented views of
entire images.

Li, Siyuan, et al. oMatchi ngCVRR3024hi ng



Review on existing sadtipervision signal

Representation learning on raw videos

Frame-level Similarity

A Seltsupervised on raw videos:
x VFS

f(-)|  Representation ; A Extracting positive pairs from different frames in the same
video

(b) Self-supervised on videos

0000, , o . : : . . :
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Review on existing satipervision signal

AlmageNet

DAVIS Sequence
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