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Can we address the optimization
difficulties by a joint training paradigm
without affecting inference speed?
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I Motivations

—> Attention score [ ] Box from object query

(Inference stage

(a) Attention map (b) Standard decoder w/ Self and Cross Attention (¢) Remove Self-attention mechanism in Standard decoder

* |nconspicuous characteristics of self-attention mechanism
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ISynergistic Training Strategy
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Step 1: Constructing weight-shared parallel decoder w/o self-attention
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ISynerglstlc Training Strategy
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Step 2: Task-specific Hybrid matching in parallel decoder
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ISynergistic Training Strategy

A
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A - G qN Tracking Detection
et [o2Tos Tis Tz 112 R Method  \MOTA AMOTP| Recall NDS mAP
Statistics § Toll-Based
¢l jl ‘I‘ I ATSS [41] 39.3% 1.367 49.9% 47.0% 37.3%
GT, SimOTA [42] 42.8% 1.323  52.5% 49.2% 38.8%
Matchcost
Cost Matrix Distribution Histogram Cost-based
¥ Modeling DETA [43] 43.1% 1320 54.2% 49.4% 38.6%
[ - G A Dynamic Threshold GMM (ours) 44.7% 1262  56.5% 49.7% 39.6%
GT, 0;2/ 0.’3/ 1.5 1.2 2.4 '
ol v Dynamic and cost-based method is best
GT, 2| ——— | forcamera-only 3D perception
Cost Matrix Gaussian Mixture Model
Step 3: Dynamic Query Filtering for object queries
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* Knowledge transfer by

J : for object and track queries
FFN :
Y Y —>: * To alleviate the issue of insufficient
Hadamard product | sample pairs, we utilize
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Latent embedding space <—> Negative sample pair K [eObJa etTk] = MLP (<(FFN( Ob]) tTk)> H)

Step 4: Instance-aware Contrastive Learning for both queries
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I Results

nuScenes validation set

nuScenes test set

Tracking Detection
Method  Backbone Detector Resolution A\MQTA AMOTP| Recall MOTA IDS|, FP| FN| NDS mAP

Method E2E AMOTA AMOTP/ Recall MOTA

MUTR3D* [4] R101 DETR3D 900 x 1600 32.1% 1.448 452% 28.3% 474 15269 43828 -
SynCL (ours) R101 DETR3D 900 x 1600 35.8% 1.391 49.2% 32.9% 588 14311 40740 -

PF-Track [5S] V299 PETR 320 x 800 40.8% 1.343  50.7% 37.6% 166 15288 40398 47.7% 37.8%
SynCL (ours) V2-99 PETR 320 x 800 44.7% 1.262 56.5% 40.8% 203 15344 36801 49.7% 39.6%

Baseline#1 [5] V299 PETRv2 320 x 800 43.2% 1272 55.0% 40.6% 173 14106 37065 50.4% 41.0%
SynCL (ours) V2-99 PETRv2 320 x 800 45.7% 1.260 56.8% 43.0% 170 13411 36756 51.1% 42.0%

41.0% 1.274  53.4% 38.5%
43.4% 1.252  53.8% 37.8%
43.9% 1.256  56.2% 40.6%
50.0% 1.144  59.5% 45.6%

CC-3DT [39]
PF-Track [5]
STAR-Track [24]
ADATrack++ [7]

N> NSNS S X

Baseline#2 [4] V299 Stream 320 x 800 49.6%  1.164 57.3% 42.9% 411 13962 33526 57.6% 48.5% DQTrack [11] 52.3% 1.096 62.2% 44.4%
SynCL (ours) V2-99  Stream 320 x 800 51.8% 1149 58.8% 45.2% 540 13639 33368 58.7% 49.2% OneTrack [8] 55 4% 1021 60.8% 46.1%
DORT [18] 57.6% 0951 63.4% 48.4%

Method  Backbone Detector Resolution AMOTA AMOTP| Recall MOTA IDS, FP, FEN| FPS SynCL (ours) 58.8% 0.976 67.1% 50.4%

CC-3DT [39] R101  BEVFormer 900 x 1600 42.9% 1257 53.4% 385% 2219 - - -
DQTrack [11] V2-99 PETRv2 320 x 800 44.6% 1.251 - - 1193 - - 8.6
MUTR3D* [4]  V2-99 PETR 640 x 1600 44.3% 1299 552% 41.6% 175 11943 36861 6.1
PF-Track [5] V2-99 PETR 640 x 1600 47.9% 1227 59.0% 43.5% 181 16149 32778 5.2
ADATrack++ [7]  V2-99 PETR 640 x 1600 50.4% 1.197 60.8% 44.5% 613 14839 30616 3.2
OneTrack [8] V2-99 Stream 640 x 1600 54.8% 1.088 61.8% 47.9% 389 - - -

SynCL (ours) V2-99 PETR 640 x 1600 50.7% 1.183  61.3% 46.2% 248 14506 30577 5.2
SynCL (ours) V2-99 Stream 640 x 1600 58.9% 1.016 64.0% 51.5% 652 13946 27330 5.7

* Consistent improvements over four baselines
with different detectors and tracking frameworks

* Achieving new state-of-the-art performance for
the multi-camera 3D MOT task
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Visualization
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IConcIusion

An synergistic training strategy for End-to-End
Multi-Camera 3D Tracking

- Reveal the imperceptible effect of the self-attention
mechanism across different queries.

- Design a training strategy, implementing dynamic
filtering-based hybrid matching and instance-aware Code
contrastive learning.

- Brought remarkable improvements over various
tracking-by-attention baselines and achieved new
state-of-the-art performance.
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