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Environmental Monitoring

Fraud Detection

Defect Detection

ECG Monitoring
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𝑆 ⊂ ℝ𝑑

𝜙0

𝑋 = {𝑥(𝑡), 𝑡 = 1,… 𝜏,… }
𝑡 = 𝜏

𝒙 𝑡 ∼ ൜
𝜙0 𝑡 < 𝜏
𝜙1 𝑡 ≥ 𝜏

, where 𝜙1 𝒙 = 𝜙0(𝑄𝒙 + 𝒗)

𝑄 ∈ ℝ𝑑×𝑑 𝑣 ∈ ℝ𝑑
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𝑋 = {𝑥(𝑡), 𝑡 = 1,… 𝜏,… }
𝑡 = 𝜏

𝒙 𝑡 ∼ ൜
𝜙0 𝑡 < 𝜏
𝜙1 𝑡 ≥ 𝜏

, where 𝜙1 𝒙 = 𝜙0(𝑄𝒙 + 𝒗)

𝑄 ∈ ℝ𝑑×𝑑 𝑣 ∈ ℝ𝑑

𝑋 = {𝑥(𝑡), 𝑡 = 1,… 𝜏,… }

𝑡 < 𝜏 𝒙(𝑡) 𝑆

𝑡 ≥ 𝜏 𝒙(𝑡)
𝑆 𝜙1

𝑆



𝑄 𝑣 𝜙0 → 𝜙1
𝜅



𝑄 𝑣 𝜙0 → 𝜙1
𝜅

sKL 𝜙0, 𝜙1 = KL 𝜙0, 𝜙1 + KL 𝜙1, 𝜙0 =

= න log
𝜙0 𝒙

𝜙1 𝒙
𝜙0 𝒙 𝑑𝒙 + න log

𝜙1 𝒙

𝜙0 𝒙
𝜙1 𝒙 𝑑𝒙

𝑄 𝑣

sKL 𝜙0, 𝜙1 = sKL 𝜙0, 𝜙0(𝑄 ⋅ +𝑣) ≈ 𝜅



𝑄 𝑣 𝜙0 → 𝜙1
𝜅

sKL 𝜙0, 𝜙1 = KL 𝜙0, 𝜙1 + KL 𝜙1, 𝜙0 =

= න log
𝜙0 𝒙

𝜙1 𝒙
𝜙0 𝒙 𝑑𝒙 + න log

𝜙1 𝒙

𝜙0 𝒙
𝜙1 𝒙 𝑑𝒙

𝑄 𝑣

sKL 𝜙0, 𝜙1 = sKL 𝜙0, 𝜙0(𝑄 ⋅ +𝑣) ≈ 𝜅



𝜙1 𝒙 = 𝜙0(𝑄𝒙 + 𝒗)

𝒙

𝜙0

𝜙1
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𝜙0
෨𝜙0

𝑆



𝑄 𝒗

• 𝑄 𝜽 ∈ ℝ 𝑑/2

𝑃 ∈ ℝ𝑑×𝑑

𝑄 𝜽, 𝑃 = 𝑃 𝑆 𝜽 𝑃′

𝑆 𝜽 𝜽

• 𝒗

𝒗 𝜌, 𝒖 = 𝜌𝒖

𝒖 ∈ ℝ𝑑 , 𝒖 = 1
𝜌 > 0



𝑄0 𝑣0

sKL ෨𝜙0, ෨𝜙0 𝑄0 ⋅ +𝒗0 ≥ 𝜅



𝑄0 𝑣0

sKL ෨𝜙0, ෨𝜙0 𝑄0 ⋅ +𝒗0 ≥ 𝜅

෨𝜙0
෨𝜙0(𝑄

0 ⋅)

𝜃0 𝑃
𝒖

𝒗0 = 𝜌𝒖
𝜌

෨𝜙0(𝑄
0 ⋅ +𝒗0 )

𝑣0
𝑣0

෨𝜙0(𝑄
0 ⋅ +𝒗0 )



sKL ෨𝜙0, ෨𝜙0 𝑄 ⋅ +𝒗 → ∞

𝑄 𝒗 → ∞



𝑄 𝒗

sKL ෨𝜙0, ෨𝜙0 𝑄 ⋅ +𝒗 → 𝜅
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• 𝑑 = 50,



 sKL ෨𝜙0, ෨𝜙1 = 1, ∀𝑑

 𝑣 = 1
𝜙1 = 𝜙0(𝒙 + 𝟏𝑑)
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𝑄
𝒗 = 𝟎



sKL ෨𝜙0, ෨𝜙1
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𝑉0 𝑉1
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𝑉0 𝑉1

log ෠𝜙0(𝒙) 𝑉0 𝑉1, 𝑊0 𝑊1

𝒯(𝑊0,𝑊1)

𝒯 𝑊0,𝑊1 ≶ ℎ

ℎ

𝑡

ℒ
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https://home.deib.polimi.it/carrerad/projects.html



