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3D SINGLE OBJECT TRACKING

Timeline



Appearance variation Distractor

CHALLENGE

Contextual information across frames is crucial for single object tracking!



IMPROVING SOT WITH CONTEXTUAL INFORMATION



MORE ACCURATE LOCALIZATION
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Previous Paradigm

 𝐹𝐹(𝑇𝑇𝑡𝑡−1,𝑃𝑃𝑡𝑡) → (∆𝑥𝑥,∆𝑦𝑦,∆𝑧𝑧,∆𝜃𝜃)
 𝐵𝐵𝑡𝑡 and 𝑃𝑃𝑡𝑡 are the bounding box and point cloud at 

time t, respectively

 ∆𝑥𝑥,∆𝑦𝑦,∆𝑧𝑧,∆𝜃𝜃 are the offset vectors between 𝐵𝐵𝑡𝑡−1 and 
𝐵𝐵𝑡𝑡

 𝑇𝑇𝑡𝑡−1 is the template point cloud of the target cropped 
from 𝑃𝑃𝑡𝑡−1 using 𝐵𝐵𝑡𝑡−1

Ours

 𝐹𝐹(𝑃𝑃𝑡𝑡−1,𝑀𝑀𝑡𝑡−1,𝑃𝑃𝑡𝑡) → (∆𝑥𝑥,∆𝑦𝑦,∆𝑧𝑧,∆𝜃𝜃)
 𝐵𝐵𝑡𝑡 and 𝑃𝑃𝑡𝑡 are the bounding box and point cloud at 

time t, respectively

 ∆𝑥𝑥,∆𝑦𝑦,∆𝑧𝑧,∆𝜃𝜃 are the offset vectors between 𝐵𝐵𝑡𝑡−1 and 
𝐵𝐵𝑡𝑡

 𝐵𝐵𝑡𝑡−1 is encoded into the point-wise mask 𝑀𝑀𝑡𝑡−1 to 
indicate the tracking target 

PROBLEM DEFINITION

𝐹𝐹(𝑃𝑃𝑡𝑡−1,𝐵𝐵𝑡𝑡−1,𝑃𝑃𝑡𝑡) → 𝐵𝐵𝑡𝑡



CXTRACK

Enhance features with 
contextual information & 
Propagate target cues to 

the current frame

Embed local geometry 
into point features

Localization



TARGET-CENTRIC TRANSFORMER

Vanilla Semi-dropout Gated



X-RPN

 Local Attention : each point should only interact 
with points belonging to the same object

𝑁𝑁 𝑝𝑝𝑖𝑖 = 𝑝𝑝𝑗𝑗 ||𝑐𝑐𝑖𝑖 − 𝑐𝑐𝑗𝑗||2 < 𝑟𝑟}

 Center Embedding : the tracked target is closer to 
its previous position than intra-class distractors (if 
the sample frequency is relatively high)

𝑚𝑚𝑖𝑖
𝑐𝑐 = exp(−

||𝑐𝑐𝑖𝑖 − ̅𝑐𝑐||22

2𝜎𝜎2
)



EXPERIMENTAL RESULTS



EXPERIMENTAL RESULTS



 Failure cases
 The point clouds are too sparse to capture informative local geometry → Light-weight design

 Large appearance variations occur(target missing) → Exploiting historical information

 The scale of the displacement between training and testing data differs significantly

LIMITATIONS & FUTURE WORK
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