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Background and Overview
• Multi-camera Tracking Pipeline
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(b) Our proposed training strategy (SynCL)(a) Tracking-by-attention paradigm (TBA)

Multi-View 
BEV Features

Standard 
Decoder

Parallel
Decoder
Parallel
Decoder

Share

Contrastive LearningHybrid Matching

Filtering

1

2

3

4

Training-only

Dynamically 1 2

3

4

Self-attention

Cross-attention

Multi-View 
BEV Features

Track QueriesObject Queries

Standard decoder

New-born Tracklets

Persistent TrackletsUpdate

(b) Our proposed training strategy (SynCL)(a) Tracking-by-attention paradigm (TBA)
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• Our plug-and-play training strategy
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Can we address the optimization 
difficulties by a joint training paradigm
without affecting inference speed?



Motivations
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• Inconspicuous characteristics of self-attention mechanism

Over-deduplication for object queries Self-centric attention for track queries



Synergistic Training Strategy
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Step 1: Constructing weight-shared parallel decoder w/o self-attention



Synergistic Training Strategy
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Step 2: Task-specific Hybrid matching in parallel decoder

• One-to-many matching for object queries

• Recovering high quality candidate boxes 
overlooked by self-attention

• Speed up the convergence

• One-to-one matching for track queries

• Identity-guided ground truth assignment to 
ensure ID-consistent tracking

• Background assignment to manage the life 
cycle of disappear instance



Synergistic Training Strategy
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Step 3: Dynamic Query Filtering for object queries

Dynamic and cost-based method is best 
for camera-only 3D perception 



Synergistic Training Strategy
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Step 4: Instance-aware Contrastive Learning for both queries

• To alleviate the issue of insufficient 
sample pairs, we utilize kernel-based 
contrastive learning:

• Knowledge transfer by representation 
alignment for object and track queries



Results
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nuScenes validation set nuScenes test set

• 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



Visualization
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• Computation and memory complexity

• Illustration of Dynamic Query Filtering
SynCL (Ours)Original predictions



Conclusion
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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 
contrastive learning.

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