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https://www.simplilearn.com/tutorials/artificial-intelligence-tutorial/ai-vs-machine-learning-vs-deep-learning
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Computer Vision

Browse State-of-the-Art: 
https://paperswithcode.com/sota
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Ø Computer vision
Ø Image processing
Ø Machine/deep learning
Ø Optimisation

ü Computer science
ü Mathematics/statistics
ü Physics, life science, etc.

Interdisciplinary



https://www.bmj.com/content/374/bmj.n1872



https://www.technologyreview.com/2021/07/30/1030329/machine-learning-ai-failed-covid-hospital-diagnosis-pandemic







https://www.civilsdaily.com/burning-issue-data-the-new-gold/
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[Credit Niranjan]

Browse State-of-the-Art: 
https://paperswithcode.com/sota



Few-Shot Learning Framework and Subspaces
[J. Liu, K. Fan, X. Cai, and M. Niranjan, under review]

Data-driven part Model-driven part



https://www.javatpoint.com/k-nearest-neighbor-algorithm-for-machine-learning

Classification

K-Nearest Neighbor (KNN)

https://www.javatpoint.com/k-nearest-neighbor-algorithm-for-machine-learning

Support Vector Machine (SVM)



Classification



Classification





Models



Model Selection



Model Selection



Model Selection

Log evidence

−2.96x1E3 −1.35x1E3



Subspace Representation / Embedding

Socher et al. (2013b)



Subspace feature representations (SVD vs DA)



DA (Linear discriminant analysis)

Maximise:

No. of classes
Mean of class j

Mean of the
whole data

Inter-class scatter Intra-class scatter



DA (Linear discriminant analysis)

Maximise:

[arXiv:2305.14568 ]



NMF (Non-negative matrix factorization)

min
𝑼,𝑽

𝑿 − 𝑼𝑽$ %
& , s.t. 𝑼 ≥ 𝟎, 𝑽 ≥ 𝟎

[Lee & Seung, 1999]



Supervised NMF (DNMF, SCNMFS)

DNMF (Discriminative NMF)
[M. Babaee, 2016]:

min
𝑼,𝑽,𝑨

𝑿 − 𝑼𝑽$ %
& + 𝛼 𝑸 − 𝑨𝑽$ %

& ,

s.t. 𝑼 ≥ 𝟎, 𝑽 ≥ 𝟎

SCNMFS (Supervised and 
Constrained NMF with 
Sparseness) [Xibiao Cai, 2018]:

min
𝑼,𝒁

𝑿 − 𝑼𝒁$𝑸 %
& + 𝛽 ∥ 𝑼 ∥%& ,

s.t. 𝑼 ≥ 𝟎, 𝒁 ≥ 𝟎



Subspace Representation / Tensor Decomposition

[Credit: Guoxu Zhou and Andrzej Cichocki]



Subspace Representation / Tensor Decomposition



Subspace Representation / Tensor Decomposition



Subspace Representation / Tensor Decomposition



Few-Shot Learning Framework and Subspaces
[J. Liu, K. Fan, X. Cai, and M. Niranjan, under review]

Data-driven part Model-driven part



Explainable AI (XAI) methods – Grad-CAM

Grad-CAM: Visual Explanations from Deep Networks via Gradient-based Localization, IJCV, ’19



XAI Application



Multilevel XAI
[2023]



Multilevel XAI
[2023]



Multilevel XAI

The top five classes that maximally activate 
the given individual attribute on the left



Data Augmentation

D. Mallios and X. Cai, EUSIPCO, 2021

Use cGAN for data augmentation



Data Augmentation

2023



[arXiv:2305.15608]



Balanced Neural Architecture Search

Block

Cell Adversarial training



Bayesian Attention Belief Network

Structure of the proposed BABNet

2023
Better robustness and
generalisation More efficient and

effective



Denoising and Classification

IEEE Transactions on Aerospace and 
Electronic Systems, 2022

Better robustness and
generalisation
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Recap:

XAI

Data augmentation

Advanced DL models


