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Motivation

● Density-based Clustering is one of 

the main concepts of clustering

● Clusters of arbitrary shape are 

common in real world data

● Data can contain noise points

● Traditional methods are not optimal for high-dimensional data
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Motivation

● Autoencoders (AE) optimizing the reconstruction loss are not 
optimal for intertwined or non-contractible clusters

3d data 2d embedding by 
an AE

Desired embedding for 
clustering (SHADE) 
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Deep Clustering 

● Deep Clustering methods 
usually combine an AE 
with some cluster loss

● It can be relevant to 

preserve the shape in 

the embedding
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OPTICS Plots
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Capturing Density

● Capture the density-connectivity with dc-distance 
● Similar to minimax path distance, enriched with concept of density by using 

core distances 
● Density-connectivity loss        : Similarity between Euclidean distance in 

low-dimensional embedding and dc-distance in high-dimensional space
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Overview of SHADE
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Results
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Robust against Noise
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Hyperparameters - Ablation Studies

● µ / min_points: Similar results for the tested values µ   [3, 7]
○ Default value: µ = 5

● batchsize: 300 is large enough to estimate the dc-distance        good enough
○ Default value: batchsize = 500

● No other Parameters! 
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Summary

● SHADE is the first deep density-based clustering method
● It preserves density-connected structures in low-dimensional 

embeddings
● SHADE finds noise, arbitrarily shaped clusters, and detects the 

number of clusters fully automatically

Code: https://github.com/pasiweber/SHADE 

ArXiv: https://arxiv.org/abs/2410.06265 
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Density-based vocabulary 

● Core Distance (where        is the     -th nearest neighbor of a point   )

● Mutual Reachability Distance

● dc-distance        : 
○ Create minimum spanning tree on mutual reachability distance
○ Get minimax path distance from that tree - longest edge on the path between x and y is the 

dc-distance between those points
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Video data often has density-based clusters in HD space

● Each scene of a movie is a density-connected cluster
○ every image/frame is similar to the next one, but beginning and end of a scene might be very 

different
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Extract clustering from the tree metric
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