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How Topology Helps?

• Unstable Connectivity Modeling ➡ PH does not require predefined 
connectivity 

• Irregularly and Incompletely Sampled ➡ PH provides a multi-scale view 

• Limited Perception of Global Structure ➡ Topology describes global 
structure



PHML



TopoRec, TopoSeg, TopologyNet,  
TopoDiT-3D, RipsNet, STITCH……



Topological Feature 
Representation Mechanism



Global Topological Representations
Persistent homology is computed from the whole point cloud to obtain a global 
topological descriptor.



Local / Point-wise Topological Representations
Instead of computing topology from the whole shape, compute topology around 
each point or local region.



Learnable Topological Representations
Topology is no longer only a fixed precomputed descriptor. It is integrated into the 
learning process.



Integration with Point Cloud 
Learning



Feature-level Augmentation
Topology is used as an additional input feature.



Representation-level Integration
Topology is inserted into the intermediate feature representation of the model.



Loss-level Structural Constraints
Topology is used as a constraint in the loss function.



TopoRec



TopoSeg



TopologyNet



TopologyNet





Comparative Insight



Experiments



Experiment Setup

• Dataset: ModelNet40.


• Backbone: PointNet.


• Topology: persistent homology on downsampled point clouds.


• Vectorization: persistence images.


• Compared variants: Baseline, Topo-Only, Topo-Concat All, H0 only, H1 only.  



Topological Feature 
Representation & 
Integration



Results

• Topo-Only performs much worse 
than PointNet.


• Adding all topology does not 
necessarily help.


• H1-based features give a small 
improvement over baseline.


• This suggests topology may give a 
slightly small improvement, but only 
as selected auxiliary information, not 
as a replacement for geometry. OA: overall accuracy over all test samples.


mAcc: average accuracy across all object classes.
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