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Challenges

➢High dimensionality of data

➢Lack of proper “ground-truth”

➢Class imbalance

➢Hallucinations

Generative models Discriminative models
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High dimensional signals
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Tensor primer
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Matrix & Tensor Decomposition
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Tensor rank Kronecker Product
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Tensor Convolution
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Giannopoulos, M., Tsagkatakis, G. and Tsakalides, P., 4D U-Nets for multi-temporal remote sensing data classification. Remote Sensing, 2022
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Backpropagation of 4D Convolution
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Loss-gradient
from the next layer

Local-gradients

Gradient w.r.t.
Input

Gradient w.r.t.
Weights

Loss-gradient

for the previous layer

Chain-Rule ComputationBoth forward and backward 
passes are convolutions!

TITAN MEETING, CEA, FEB 2024



Land cover classification
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Results on 4D classification
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Model Accuracy F1-Score Time

k-NN 0.74 0.57 1

SVM-
Gaussian

0.59 0.49 2

2D-CNN 0.60 0.36 4

3D-CNN [8] 0.70 0.50 6

3D-CNN-T 0.80 0.65 14

3D-CNN-S 0.79 0.65 27

4D-CNN 0.89 0.77 107
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Tensor Decomposition Learning
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Aidini, A., Tsagkatakis, G., and Tsakalides, P., “Tensor decomposition learning for compression of multidimensional 
signals.” IEEE Journal of Selected Topics in Signal Processing, 15(3), 2021 
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Algorithm (1/2)
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Algorithm (2/2)
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Compression and Decompression
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(a) Original image

(c) Tucker Thresholding
PNSR: 24.39dB

(b) JPEG2000+DWT
PNSR: 23.85dB

(d) Proposed approach
PNSR: 27.02dB

Training:

200 multispectral

images over Chania,

Barcelona, New York,

Sydney

Testing:

100 multispectral

images over Buenos

Aires and Tokyo
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Comparison
Data: Satellite multispectral image patches (64 × 64 × 5) Training: 2400 patches, 
Testing: 1200 patches (from different regions)
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Tensor Robust Principal Component Analysis
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A. Aidini, G. Tsagkatakis, and P. Tsakalides. ”Quantized tensor robust principal component analysis.” IEEE International 
Conference on Acoustics, Speech and Signal Processing (ICASSP), 2020



Anomaly detection
Data: Satellite (MODIS) image time-series of the land surface

temperature over Brazil (8 bpppb - 22 days of July and August 2019)
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Tensor-based Neural Networks
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Baseline model

"Low-rank tensor completion via tucker decompositions", Shi, Jiarong, et al., J. Comput. Inf. Syst, (2015)
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Low Rank Tensor Completion – Net (LRTC-Net)
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LRTC-Net layer
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DynamicEarthNet dataset

Toker, Aysim, et al. "DynamicEarthNet: Daily Multi-Spectral Satellite Dataset for Semantic Change 
Segmentation.“, IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2022.
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LRTC-Net - Results
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Label recovery (semi-supervised learning)

UNET LRTD

Image Score Tensor Low-rank
Score Tensor
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LRTD – Layer
1. No parameters, Tucker decomposition (iteratively) -> error on the update of the factor matrices
2. Parameters: Factor matrices, Estimation of Core tensor for each batch

Loss function:



Detection of Hallucinations

MSE
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Detection of Hallucinations
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Datasets
UC Merced land use consists of satellite images such as:

Celeba consists of celebrity faces such as:
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Rectangular masks

Random masks

… …

… … …

…

…

Mask types
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Rectangular 
masks

Random 
masks

Irregular 
centered
masks

10% 20% 30% 40% 50% 60% 70%Percent missing

Image Inpainting with masks 
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Approach

inpainter

In distribution 0.2

Out of distribution 0.8

Discriminator
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Initial results - Detection
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Rectangular mask

“Probability” of 
image being 
celebA

Random Mask
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Approach

Heatmap for
CelebA

Heatmap for 
Land Use
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GradCAM

inpainter

In distribution 0.2

Out of distribution 0.8

Discriminator



Metrics
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Upscaled heatmaps Thresholded heatmaps Modified mask

celeba

Land use

Heatmap for land use

Heatmap for celebA
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Initial results - Localization
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Rectangular mask

CelebA heatmap

Random Mask
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Challenge of imbalanced datasets
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multi-source dermatoscopic
images of 7 skin lesions

Fraudulent transactions Land Cover \ Land Use Neuron classification

AAC BC BISTR SOM CCK NPY
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GENDA
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Troullinou, E., Tsagkatakis, G., Losonczy, A., Poirazi, P., & Tsakalides, P. A Generative Neighborhood-based Deep Autoencoder for 
Robust Imbalanced Classification. IEEE Transactions on Artificial Intelligence, 2023.
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Results

37TITAN MEETING, CEA, FEB 2024



GENDA-XL
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E. Troullinou, G. Tsagkatakis, A. Losonczy, P. Poirazi, and P. Tsakalides, "A Generative Neighborhood-Based Deep Autoencoder with an Extended 
Loss Function for Robust Imbalanced Classification," in Proc. 57th Annual Asilomar Conference on Signals, Systems and Computers, 2023.

Triplet Loss MSE Cross-Entropy
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Performance

39TITAN MEETING, CEA, FEB 2024



Open topics
Specify 1-2 “grand challenges”
◦ Classification vs Inverse problems

◦ Identify ML aspects (robustness, imbalance, recovery, etc.)

Specify and generate TITAN datasets
◦ Access to Simulations or Observations

◦ Dimensions, Characteristics, Storage, Open-access

Define performance metrics
◦ State-of-the-art solutions (codes & papers)

◦ SotA datasets
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