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Object detection

• The pipeline of multi-stage object detection



Bounding box regression

Why bounding box?
• Bounding box is convenient to annotate with little ambiguity.

• Almost all image feature extractors, both before and in the deep learning 
era, are based on an input patch in the grid form. Thus, it is convenient to 
use the bounding box representation to facilitate feature extraction.



Bounding box regression

Limitations
• Coarse object feature extraction.
• Unable to tackle irregular object (like road)
• It would perform badly when we need to regress object localization with 

large distance to the initial representation (need dense anchors)
• Scale difference between ∆x, ∆y and ∆w, ∆h, where usually different loss 

weights on them are required to be tuned for optimal performance. 



RepPoints: Point Set Representation 
for Object Detection



Representative points

• A new representation for object.
A RepPoints is defined as a set of adaptive sample points. The 
adaptive nature makes this new object representation more flexible 
than the bounding box representation in encoding the semantics-
related object information. 



• Convert reppoints to bounding box
For a RepPoints, we can perform pre-defined function to transform 
RepPoints into pseudo-box so that the bounding box supervision 
can be imposed.
1. Min-max function: Min-max operation over both axes are 

performed to acquire rectangular box
2. Moment-based function. The mean value and the second-order 

moment of the deformable box is used to estimate the center 
points and the scale of rectangular box, where the scale is 
multiplied by globally shared learnable multipliers. 

Representative points



• RepPoints refinement

Representative points

• Bounding box refinement



• RepPoints Detector (RPDet)

Representative points



• RepPoints Detector (RPDet)
Center point initialization: center point as the initial 
representation of objects, leading to our anchor free object 
detector. 
The use of RepPoints: the learning RepPoints is driven by: 1) the 
corner distance loss between the induced pseudo box and the 
ground-truth bounding box; 2) the object recognition loss of the 
subsequent stage. 
Unified design across stages: without the need of RPN, NMS, 
ROI-Pooling…
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• Ablation on objects representation
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• Ablation on anchor free design
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• Ablation on transform functions. 

Representative points



• Comparison with Deformable RoI Pooling

The RepPoints target at both representing the fine-grained localization of objects as well as 
extracting semantic aligned object features, deformable RoI pooling is mainly driven by the 
recognition target. Actually, deformable RoI pooling cannot learn the accurate localization of objects. 
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• State-of-the-art Comparison 
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• Visualization

Representative points



Conclusion

• In this paper, we propose a new object representation: 
representative points. Our work takes a new step towards 
learning the natural object representation. Exploiting dense point 
sets as the RepPoints and extending this representation beyond 
detection remain to be interesting future directions. 



Future direction

• Box-free objection recognition tasks: multi-person pose 
estimation, instance segmentation …
• Correspondence from video: use flow or image augmentation to 

learn dense correspondence. 
• Better representation: combine the merits from masks (finer / 

denser representation) and key-points (the points are semantic 
meaningful)
• End-to-end Tracking.
• …



Thanks for your attending!


