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Introduction
Motivation and background

What are Functional Data (FD)?
Why is clustering FD challenging?
fPCA or pairwise (dis)similarity measure + clustering 
algorithm

Key problems: high-dimensional, nonlinear, or 
misaligned in phase

Motivation: deep learning to model nonlinear 
relationships and incorporated shape-informed 
clustering
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Introducing FAEclust
Functional AutoEncoder for Clustering
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Data Functions FAE Clustering

FAEclust
• encoder and decoder are both 

universal approximators
• joint clustering scheme
• shape-informed clustering, robust to 

phase variation



Trinity College Dublin, The University of Dublin

FAEclust Architecture 
Encoder–Decoder
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Encoder ℇ ∶ 	ℋ 𝒯,ℝᵖ → ℝˢ 

𝒙(") = 𝑎 	.
𝒯
𝑾 " 𝑡 𝒚 𝑡 𝑑𝑡 + 𝒃

𝒙 = MLP(𝒙("))

Decoder 𝒟 ∶ 	ℝˢ → ℋ(𝒯,ℝᵖ)
;𝒙(") = MLP(𝒙)

;𝒚 " (𝑡) = 𝑎 𝓦 " 𝑡 ;𝒙 " + 𝒃" 𝑡

;𝒚 % 𝑡 = 𝑎 𝓦 % 𝑡 ;𝒚 " 𝑡 + 𝒃% 𝑡

;𝒚(𝑡) = 𝓦 & 𝑡 ;𝒚 % (𝑡)
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Joint Training & Shape-Informed Clustering
Network training: Forward Phase and Backward Phase 
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Cluster Update

Network Update

Finite-dimensional Space

Encoder	ℇ Decoder	𝒟	

Input Reconstruction

Loss = Clustering Loss
+ Penalized

Reconstruction Loss

1. Forward (cluster update): via convex 
clustering, where the similarity measure 
depends on the elastic distance.

2. Backward (network update): minimize 
an integrated objective function 𝐿.

𝐿 = 𝐿! + 𝜆"	𝐿" + 𝜆#	𝐿#



Trinity College Dublin, The University of Dublin

Experimental Setup (Data & Baselines)
Euclidean and Manifold-Valued FD Datasets
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Baseline methods: FNN (Functional Neural Net), 
FAE (Functional AutoEncoder), VANO (Variational 
Autoencoding Neural Operator),  funHDDC, 
funclust, FADPclust(FADP1/FADP2).

Euclidean FD: 17 UEA/UCR datasets

Manifold-valued FD: hypersphere, hyperbolic 
space, and Swiss-roll manifold, plus trajectories 
from the Lorenz attractor and a pendulum

Evaluation metrics: Adjusted Mutual Information 
(AMI), values near 1.0 indicate perfect clustering.
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Results and Conclusion
Contributions & Takeaways

7

• Framework that unifies deep functional 

representation learning  with clustering

• Shape-informed clustering objective

• Universal approximation and stability

• Empirical evidence through

• Euclidean

• Manifold

• Time warped scenarios

Limitation: slightly higher runtime



Thank You
Scan to access full 
paper and code:


