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Basket Ball Cluster Big Half-Moon Donut Fingerprints Incomplete
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http://mirlab.org/dataSet/public/
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𝑀(𝒔)
𝒔

𝒚 = 𝒔 + 𝑀 𝒔
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𝒔 ≈

𝑖=1

𝑛

𝒅𝒊 ⊛𝜶𝒊 , s. t. 𝜶𝒊 is sparse

𝒔 𝑛
𝒅𝒊 𝜶𝒊
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Collaboration with Los Alamos National Laboratory, NM, USA



Training Image Learned Filters
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Training Image Learned Filters
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The two (normal and anomalous) patches
exhibit same sparsity and reconstruction error
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http://home.deib.polimi.it/boracchi/Projects/Foveation.html








Collaboration with CNR IMATI Milano



𝑠
𝐬𝑐 = {𝑠 𝑐 + 𝑢 , 𝑢 ∈ 𝒰}

𝐬c ∈ ℝ
𝑝 𝑝 ≫ 0

𝜙0
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𝒟

𝐬𝑐 𝒟



𝒟:

𝐬 ≈ 𝐷𝜶 i. e., 𝐬 − 𝐷𝜶 2 ≈ 0

𝜶 ∈ ℝ𝑛

• 𝐷 ∈ ℝ𝑝×𝑛

• 𝜶

• 𝜶 0 = 𝐿 ≪ 𝑛

• 𝜶 1



Example of training patches Few learned atoms (ADMM Dictionary Learning)
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Anomaly Detection Problem



𝑔 ⋅

𝑅𝛾 = 𝜉 ∈ ℝ2, s. t. 𝜉 − 𝜇 ′Σ−1 𝜉 − 𝜇 ≤ 𝛾

𝜇 Σ
𝑇
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𝑔 ⋅

𝑅𝛾 = 𝜉 ∈ ℝ2, s. t. 𝜉 − 𝜇 ′Σ−1 𝜉 − 𝜇 ≤ 𝛾

𝜇 Σ
𝑇

𝑅𝛾 ≤ 2/𝛾2

𝐬 s. t. 𝒈(𝐬) − 𝜇 ′Σ−1 𝒈(𝐬) − 𝜇 > 𝛾



𝑔 ⋅
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𝑅𝛾 = 𝜉 ∈ ℝ2, s. t. 𝐾𝐷𝐸 𝜉 ≥ 𝛾











• 𝑇𝑃𝑅 =
# anomalies detected

# anomalie𝑠

• 𝐹𝑃𝑅 =
# normal samples detected

# normal samples

• 𝐹𝑁𝑅 = 1 − 𝑇𝑃𝑅

• 𝑇𝑁𝑅 = 1 − 𝐹𝑃𝑅

•
# anomalies detected

# detections

• 𝑇𝑃𝑅



𝑻𝑷𝑹 𝑭𝑷𝑹

𝑇𝑃𝑅, 𝐹𝑃𝑅

# anomalies detected + # normal samples not detected

# samples

2# anomalies detected

# detections + # anomalies



• 𝐹𝑃𝑅 = 0%,

• 𝑇𝑃𝑅 = 100%



• 𝐹𝑃𝑅 = 0%,

• 𝑇𝑃𝑅 = 100%

(𝐹𝑃𝑅, 𝑇𝑃𝑅)





https://home.deib.polimi.it/carrerad/codes/spad_v0.9.zip

