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•

•

•

•

•

•









𝒫𝑁

𝒫𝐴 ≠ 𝒫𝑁



𝒙 𝑡 , 𝑡 = 𝑡0, … , 𝒙 𝑡 ∈ ℝ𝑑

𝑥(𝑡) 𝜙𝑜

𝜙𝑜

𝒙 𝑡 ∼ ൜
𝜙0 normal data
𝜙1 anomalies

,

𝑡

𝒙
(𝑡

)

……

𝜙1𝜙0 𝜙0



𝒙 𝑡 , 𝑡 = 𝑡0, … , 𝒙 𝑡 ∈ ℝ𝑑

𝑥(𝑡) 𝜙𝑜

𝜙𝑜

𝒙 𝑡 ∼ ൜
𝜙0 normal data
𝜙1 anomalies

,

𝑡

𝒙
(𝑡

)

……

𝜙1𝜙0 𝜙0











𝑡

𝒙
(𝑡

)

……



𝑡

𝒙
(𝑡

)

……

𝑡

𝑆
(𝒙

)

…

𝛾



𝑡

𝒙
(𝑡

)

……

𝑡

𝑆
(𝒙

)

…

𝛾

𝑆 𝒙 > 𝛾





𝑇𝑃𝑅 =
# anomalies detected

# anomalie𝑠

𝐹𝑃𝑅 =
# normal samples detected

# normal samples

𝐹𝑁𝑅 = 1 − 𝑇𝑃𝑅

𝑇𝑁𝑅 = 1 − 𝐹𝑃𝑅
# anomalies detected

# detections

𝑇𝑃𝑅



𝑻𝑷𝑹 𝑭𝑷𝑹

𝛾

𝑡

𝑆
(𝒙

)

…

𝛾

𝑆 𝒙 > 𝛾



𝑻𝑷𝑹 𝑭𝑷𝑹

𝛾

𝑡

𝑆
(𝒙

)

…
𝛾

𝑆 𝒙 > 𝛾



𝑻𝑷𝑹 𝑭𝑷𝑹

𝑇𝑃𝑅, 𝐹𝑃𝑅

𝑇𝑃𝑅 𝐹𝑃𝑅

# anomalies detected + # normal samples not detected

# samples

2# anomalies detected

# detections + # anomalies



• 𝐹𝑃𝑅 = 0%,

• 𝑇𝑃𝑅 = 100%

(𝐹𝑃𝑅, 𝑇𝑃𝑅)



𝜙0 𝜙1



𝝓𝟎 𝝓𝟏

𝑇𝑅

𝑇𝑅

𝑇𝑅.

𝑇𝑅



𝝓𝟎 𝝓𝟏

𝑇𝑅

𝑇𝑅

𝑇𝑅.

𝑇𝑅



•

•

•

•



+ −

𝑇𝑅 = 𝒙(𝑡), 𝑦(𝑡) , 𝑡 < 𝑡0, 𝒙 ∈ ℝ𝑑 , 𝑦 ∈ {+, −}

𝒦 𝑇𝑅

𝒦 𝒙

𝑝𝒦 − 𝒙

𝑘 −







𝝓𝟎 𝝓𝟏

𝑇𝑅

𝑇𝑅

𝑇𝑅.

𝑇𝑅



𝑇𝑅

𝑇𝑅 = 𝑥 𝑡 , 𝑡 < 𝑡0, 𝑥 ∼ 𝜙0

𝑇𝑅



෠𝜙0

𝑇𝑅 = 𝑥 𝑡 , 𝑡 < 𝑡0, 𝑥 ∼ 𝜙0

෠𝜙0 𝒙 < 𝜂



• ෠𝜙0 𝒙

𝑇𝑅

𝑑



෠𝜙0

෠𝜙0 𝑇𝑅

ℒ 𝒙 𝑡 = log( ෠𝜙0(𝒙(𝑡)))

ℒ 𝒙 𝑡 , 𝑡 = 1, …

𝑡

𝒙
(𝑡

)
ℒ

𝒙
𝑡

………



෠𝜙0

෠𝜙0 𝑇𝑅

ℒ 𝒙 𝑡 = log( ෠𝜙0(𝒙(𝑡)))

ℒ 𝒙 𝑡 , 𝑡 = 1, …





𝑓

𝑓
𝐹

𝜓(𝒙) 𝒙 𝑓

𝑓 𝒙 = sign(< 𝑤, 𝜓 𝒙 > −𝜌)

𝑤, 𝜌

𝒙



𝜓(𝒙) 𝒙 ∈ 𝑇𝑅



𝝓𝟎 𝝓𝟏

𝑇𝑅

𝑇𝑅

𝑇𝑅.

𝑇𝑅



𝑇𝑅

𝑇𝑅 = 𝑥 𝑡 , 𝑡 < 𝑡0

𝑇𝑅



𝒌 −



𝒌 −



𝒌 −





𝑥𝑖



𝑥𝑖



𝑥𝑖

𝑇𝑅
𝑖

















𝑥0

𝑥𝑖



{ [ … 

]

𝑥0



{ [ … 

]

𝑥𝑖



𝐸 ℎ 𝒙

𝒙

𝒙



𝒜 𝒙 = 2
−

𝐸 ℎ 𝒙

𝑐 𝑛 > 𝛾

• 𝑛 𝑇𝑅

• 𝑐 𝑛











𝒔

෠𝜙0 = 𝒩 𝜇, Σ

෠𝜙0(𝒔) 𝒔



𝒔

෠𝜙0 = 𝒩 𝜇, Σ

2 × 2
5 × 5



𝒔

෠𝜙0 = 𝒩 𝜇, Σ



𝒔

෠𝜙0 = 𝒩 𝜇, Σ





•

•





𝒔 ∈ ℝ𝑑 𝒙

𝑑



𝒔 ∈ ℝ𝑑 𝒙

𝑑



𝒔 ∈ ℝ𝑑 𝒙

𝑑



•

•





෠𝜙0



෠𝜙0



෠𝜙0



•

•



•

•

•

•

•



•

•

•

•

•



ℳ

ℳ 𝑇𝑅

− 𝒔 ℳ

− 𝒔

ℳ



•

•

•

•



𝑠1

𝑠𝑑

𝑠2

𝑠3

𝑠4

𝑠1

𝑠𝑑

𝑠2

𝑠3

𝑠4

𝑑 𝑑

𝑛
n ≪ 𝑑

ℰ 𝒟



෍

𝒔∈𝑆

𝒔 − 𝒟 ℰ 𝒔
2

𝒟 ℰ ⋅

• 𝑛 ≪ 𝑑.

•



𝒟(ℰ(⋅)) 𝑇𝑅

err 𝒔 = 𝒔 − 𝒟 ℰ 𝒔
2

, 𝒔 ∈ 𝑉

𝑉 ≠ 𝑇𝑅 𝛾

err 𝒔 = 𝒔 − 𝒟 ℰ 𝒔
2

𝒔 err 𝒔 > 𝛾



err(𝒔)
ℳ

err(𝒔)

𝑡

er
r(

𝒔)

……

𝜙1𝜙0 𝜙0

𝛾



•

•

•

•

•

•



• 𝑇𝑅

•



•

•

• ℓ1

•

•



•

𝒔′ = 𝑃𝑇𝒔, 𝑃 ∈ ℝ𝑚×𝑑 , 𝑚 ≪ 𝑑
𝑚

𝑃𝑇𝒔

•

•

err 𝐬 = 𝒔 − 𝑃𝑃𝑇𝒔 2

𝒔 𝑃𝑃𝑇𝒔

𝒔
𝒔′



𝑆 𝐷

𝐷



𝐷 ∈ ℝ𝑑×𝑚

𝐷 =



𝐷 ∈ ℝ𝑑×𝑚

•

•

𝒔

𝐷 =



𝒔 ∈ ℝ𝑛

𝒔 = ෍

𝑖=1

𝑀

𝛼𝑖 𝒅𝒊

{𝒅𝒊}
𝛼𝑖 = 0

= 0.7 ∗ +0.1 ∗ −0.2 ∗



𝒔 ∈ ℝ𝑛

𝒔 = ෍

𝑖=1

𝑀

𝛼𝑖 𝒅𝒊 = 𝐷𝜶

{𝒅𝒊} 𝜶 0 < 𝐿
𝜶

𝒔 𝜶𝐷
𝜶 = [𝛼1, … , 𝛼𝑀]



𝒔 𝐷

𝜶 = argmin
𝒂∈ℝ𝑛

𝐷𝒂 − 𝑠 2 s. t. 𝒂 0 < 𝐿

𝜶 = [0.7, 0, 0, 0.1, 0, 0, 0, −0.2]

𝒔 ∈ ℝ𝑑 𝜶 ∈ ℝ𝑛

𝒔

0.7 0 0 0.1 0 0 0 −0.2𝜶 =



𝐷 𝑀

∈ ℝ𝑑×𝑛

𝐷, 𝑋 = argmin
𝐴∈ ℝ𝑑×𝑛, 𝑌∈ ℝ𝑛×𝑀

𝐴𝑌 − 𝑆 2 s. t. 𝒚𝒊 0 < 𝐿, ∀𝒚𝒊

𝑆 = {𝒔𝟏, … 𝒔𝑴} 𝐷 ∈ ℝ𝑑×𝑛

… .𝑇
𝑅 𝐷



𝑆 = 𝐷𝑋 + 𝐸 + 𝑉

𝑋 𝑉 𝐸
𝒆𝑖 ≠ 𝟎

𝐷



argmin
𝑋,𝐸

1

2
𝑆 − 𝐷𝑋 − 𝐸 𝐹

2 + 𝜆 𝑋 1 + 𝜇 𝐸 2,1

𝐸



•

•

•

•

•

•

•



Feature

Extraction

𝒙 𝑡 ∈ ℝ𝑑

𝑑 ≪ 𝑝
𝒔𝑡 ∈ ℝ𝑝

෠𝜙0 𝒙 𝑡 ≶ 𝜂





𝑇𝑅



•

•

•

•

•

•

•



𝑠

𝐬𝑐 = {𝑠 𝑐 + 𝑢 , 𝑢 ∈ 𝒰}



•

•

•

•

•

•

•



𝑠

𝐬𝑐 = {𝑠 𝑐 + 𝑢 , 𝑢 ∈ 𝒰}





𝒔𝑐 𝐷

𝜶 = argmin
෥𝜶∈ℝ𝑛

𝐷෥𝜶 − 𝐬 𝟐
𝟐 + 𝜆 ෥𝜶 1, 𝜆 > 0

ℓ1

𝒔 𝑫



err 𝒔 = 𝐷𝜶 − 𝐬 𝟐
𝟐

𝜶 𝟏

𝒙 =
𝐷𝜶 − 𝐬 𝟐

𝟐

𝜶 1





• 𝑇𝑅\𝑉 𝐷

• 𝑉 ෠𝜙0 𝒙

• 𝒙

• ෠𝜙0 𝒙 < 𝜂



• 𝑇𝑅\𝑉 𝐷

• 𝑉 ෠𝜙0 𝒙

• 𝒙

• ෠𝜙0 𝒙 < 𝜂







𝑠1

𝑠𝑑

𝑠2

𝑠3

𝑠4

𝑠1

𝑠𝑑

𝑠2

𝑠3

𝑠4

𝑑 𝑑

𝑛
n ≪ 𝑑

ℰ 𝒟



• 𝒟(ℰ(⋅)) 𝑆

• ෠𝜙0

{ℰ(𝒔), 𝒔 ∈ 𝑉}

𝑉 ≠ 𝑆

• 𝛾 ෠𝜙0(𝒔)

• 𝒔 ℰ

• ෠𝜙0 ℰ(𝒔) < 𝛾



ℰ(𝒔)
𝜙0.

𝜙1 ≠ 𝜙0

෠𝜙0

𝒙 = ℰ(𝒔)
෠𝜙0 𝒙 < 𝛾

𝑡

𝒙
(𝑡

)
෠ 𝜙

0
𝒙

………

𝛾





•

•



•

•



•

•





•

•

•

•

•





𝒔 𝑙
𝐿 Λ

Λ = {"wheel", "cars" … . .
……"castle", "baboon", … }

𝒔

𝒔



𝒔 𝑙
𝐿 Λ

𝒔

𝒔

Λ = {"wheel", "cars" … . .
……"castle", "baboon", … }



•

•

•



•

•







𝟏 × 𝟏 × 𝑵



Extract high-level features from pixel data Classify



0.02

0.01

0.11

0.81

…

…

…

0.1





𝟏 × 𝟏 × 𝑵



•

•



•

•

•



•

•

•



•

•

•

•

•



𝑴𝟏 × 𝑴𝟐 × 𝑵



𝐿 1 × 1 × 𝑁

𝑴𝟏 × 𝑴𝟐 × 𝑵



…



…















•

•

•

•
RPN



7 × 7 × 𝐵 × (5 + 𝐶)







•

•

•

•

•

•



Extract high-level features from pixel data Classify



Extract high-level features from pixel data Classify



•

•

•

•

•

•



• 𝐶𝑁𝑁

•

• 𝐶𝑁𝑁 𝑇𝑅′ 𝑇𝑅

𝑇𝑅′ = {𝜓 𝒔𝒊 , 𝒔𝒊 ∈ 𝑇𝑅}

• 𝑇𝑅′



• 𝐶𝑁𝑁, 𝜓(𝒔)

•

•





•

•

•

•

•

•



ℰ 𝒟

෍

𝒔∈𝑇𝑅

𝒔 − 𝒟 ℰ 𝒔
2

𝒔 𝜶 𝒔′



𝜶 = ℰ(𝒔)

𝜶 ∼ ෍

𝑖

𝜋𝑖𝜑𝝁𝑖,Σ𝑖
,

𝜑𝝁𝑖,Σ𝑖
𝒩 𝝁𝒊, Σ𝑖

ℰ 𝒟

𝒔 𝜶 𝒔′



{𝜋𝑖 , 𝝁𝑖 , Σ𝑖}
𝜶𝑛 𝑛

• 𝛾𝑛,𝑖

𝜶𝑛

𝛾𝑛,𝑖 =
𝜋𝑖𝜑𝝁𝑖,Σ𝑖

(𝜶𝑛)

σ𝑘 𝜋𝑘𝜑𝝁𝑘,Σ𝑘
(𝜶𝑛)

𝜶

𝛾1 ∼ 1
𝛾2 ∼ 0



{𝜋𝑖 , 𝝁𝑖 , Σ𝑖}
𝜶𝑛 𝑛

• 𝛾𝑛,𝑖

𝜶𝑛

𝛾𝑛,𝑖 =
𝜋𝑖𝜑𝝁𝑖,Σ𝑖

(𝜶𝑛)

σ𝑘 𝜋𝑘𝜑𝝁𝑘,Σ𝑘
(𝜶𝑛)

𝜶

𝛾1 ∼ 0
𝛾2 ∼ 1



{𝜋𝑖 , 𝝁𝑖 , Σ𝑖}
𝜶𝑛 𝑛

• 𝛾𝑛,𝑖

𝜶𝑛

𝛾𝑛,𝑖 =
𝜋𝑖𝜑𝝁𝑖,Σ𝑖

(𝜶𝑛)

σ𝑘 𝜋𝑘𝜑𝝁𝑘,Σ𝑘
(𝜶𝑛)

𝜶

𝛾1 ∼
1

2

𝛾2 ∼
1

2



{𝜋𝑖 , 𝝁𝑖 , Σ𝑖}
𝜶𝑛 𝑛

• 𝛾𝑛,𝑖

𝜶𝑛

𝛾𝑛,𝑖 =
𝜋𝑖𝜑𝝁𝑖,Σ𝑖

(𝜶𝑛)

σ𝑘 𝜋𝑘𝜑𝝁𝑘,Σ𝑘
(𝜶𝑛)

•

𝜋𝑖 =
1

𝑁
σ𝑛 𝛾𝑛,𝑖

𝜇𝑖 =
σ𝑛 𝛾𝑛,𝑖𝜶𝑛

Σ𝑛𝛾𝑛,𝑖

Σ𝑖 =
σ𝑛 𝛾𝑛,𝑖 𝜶𝑛−𝝁𝑖 𝜶𝑛−𝝁𝑖

𝑇

Σ𝑛𝛾𝑛,𝑖



𝒔

ℒ 𝒔 = ෍

𝑖

𝜋𝑖𝜑𝝁𝑖,Σ𝑖
(ℰ 𝒔 ) ,

ℰ 𝒟

𝒔 𝜶 𝒔′



𝒔

ℒ 𝒔 = ෍

𝑖

𝜋𝑖𝜑𝝁𝑖,Σ𝑖
(ℰ 𝒔 ) ,

ℰ 𝒟

𝒔 𝜶 𝒔′



𝒔 𝜶 𝒔′

𝜶 𝜸



𝒔 𝜶 𝒔′

𝜶 𝜸

𝜋𝑖 =
1

𝑁
෍

𝑛

𝛾𝑛,𝑖

𝜇𝑖 =
σ𝑛 𝛾𝑛,𝑖𝜶𝑛

Σ𝑛𝛾𝑛,𝑖

Σ𝑖 =
σ𝑛 𝛾𝑛,𝑖 𝜶𝑛 − 𝝁𝑖 𝜶𝑛 − 𝝁𝑖

𝑇

Σ𝑛𝛾𝑛,𝑖



min ෍

𝒔

𝒔 − 𝒟 ℰ 𝒔
2

2
+ 𝜆ℛ(ℰ 𝒔 )

ℛ 𝜶 = − log ෍

𝑖

𝜋𝑖𝜑𝝁𝑖,Σ𝑖
(𝜶)

Σ𝑖

ℛ(ℰ 𝒔 ) 𝒔



•

•

•



•

•

•

•

•

•







•

•

𝜓



𝜓



min
𝑅,𝜽

𝑅2 +
1

𝜈𝑁
෍

𝑛=1

𝑁

max{0, 𝜓𝜽 𝒔𝑛 − 𝒄
𝟐

− 𝑅2} + 𝜆 𝜽
2

• 𝒔𝑛

𝜓𝜽 𝒔𝑛

• 𝜈 provides a bound on the 
False Positive Rate

• 𝜆 𝜽
2

𝒔 𝜓𝜽 𝒔 − 𝒄 > 𝑅

𝑅

𝒄



min
𝑅,𝜽

𝑅2 +
1

𝜈𝑁
෍

𝑛=1

𝑁

max{0, 𝜓𝜽 𝒔𝑛 − 𝒄
𝟐

− 𝑅2} + 𝜆 𝜽
2

• 𝜓𝜽

•

•

• 𝒄

• 𝒄 𝒄0 = 𝜓0 𝒔



min
𝜽

+
1

𝑁
෍

𝑛=1

𝑁

𝜓𝜽 𝒔𝑛 − 𝒄
2

+ 𝜆 𝜽
2

• 𝜈

•

𝜓𝜽 𝒔 − 𝒄
2



•

•

•

•

•

•



• 𝑇 𝒯 = {𝜏1, … , 𝜏𝑇}

• 𝜏𝑖 𝐬 ∈ 𝑇𝑅

𝑇𝑅𝑛𝑒𝑤 = 𝜏𝑖 𝒔 , 𝑖 𝒔 ∈ 𝑇𝑅, 𝑖 = 1, … , 𝑇}

• 𝐶𝑁𝑁 𝑇𝑅𝑛𝑒𝑤

• 𝐶𝑁𝑁



• 𝑇𝑅 3

• 𝒯

𝜏1

𝜏2
𝜏3

𝜏4

𝜏1 𝜏2 𝜏3 𝜏4
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𝜶𝑖 = 𝜓 𝝉𝑖(𝒔) ∈ 0,1 𝑇

𝑃(𝜶𝑖|𝜏𝑖) 𝜏𝑖

𝜏𝑖(𝒔)
𝜶𝑖



𝑠𝑐𝑜𝑟𝑒 𝒔 = − ෍

𝒊

log 𝑃(𝜶𝑖|𝜏𝑖)
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𝑆 ⊂ ℝ𝑛
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𝒢

𝒟

𝑆

𝒟
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𝒟 𝒢

• 𝒟 = 𝒟(𝒔)

• 𝒢 = 𝒢 𝒛

𝒔 ∈ ℝ𝑛 𝒢 𝒛 ∈ ℝ𝑑

𝒟 ⋅ : ℝ𝑛 → [0,1]

𝒢 ⋅ : ℝ𝑑 → ℝ𝑛



• 𝒟 𝒔 𝑠 ∈ 𝑆

• 1 − 𝒟 𝒔 𝑠 𝒢

• 1 − 𝒟 𝒢 𝒛 𝒛 ∼ 𝜙𝑍

𝒟

max
𝒟

E𝑠∼𝜙𝑆
log 𝒟 𝒔 + E𝑧∼𝜙𝑍

log(1 − 𝒟 𝒢 𝒛 )



• 𝒟 𝒔 𝑠 ∈ 𝑆

• 1 − 𝒟 𝒔 𝑠 𝒢

• 1 − 𝒟 𝒢 𝒛 𝒛 ∼ 𝜙𝑍

𝒟

max
𝒟

E𝑠∼𝜙𝑆
log 𝒟 𝒔 + E𝑧∼𝜙𝑍

log(1 − 𝒟 𝒢 𝒛 )

𝑠 ∼ 𝜙𝑆 𝒢 𝒛



• 𝒟 𝒔 𝑠 ∈ 𝑆

• 1 − 𝒟 𝒔 𝑠 𝒢

• 1 − 𝒟 𝒢 𝒛 𝒛 ∼ 𝜙𝑍

𝒟

max
𝒟

E𝑠∼𝜙𝑆
log 𝒟 𝒔 + E𝑧∼𝜙𝑍

log(1 − 𝒟 𝒢 𝒛 )

𝒢 𝒟
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E𝑠∼𝜙𝑆
log 𝒟 𝒔 + E𝑧∼𝜙𝑍

log(1 − 𝒟 𝒢 𝒛 )
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𝒢 𝒔

𝒔
𝒢

𝒢

ℳ



𝒔 ℳ

ො𝒛 = min
𝒛

𝒢 𝒛 − 𝒔 + 𝜆 log(1 − 𝒟 𝒢 𝒛 )

• 𝒢 𝒛 − 𝒔 𝒔

• log(1 − 𝒟 𝒢 𝒛 ) 𝒢 ො𝒛

𝒢

ℳ

ො𝒛



𝒔 ℳ

ො𝒛 = min
𝒛

𝒢 𝒛 − 𝒔 + 𝜆 log(1 − 𝒟 𝒢 𝒛 )

• 𝒢 𝒛 − 𝒔 𝒔

• log(1 − 𝒟 𝒢 𝒛 ) 𝒢 ො𝒛

𝒢 𝒟

𝑠𝑐𝑜𝑟𝑒 𝒔 = 𝒢 ො𝒛 − 𝒔 + 𝜆 log(1 − 𝒟 𝒢 ො𝒛 )



𝒔 ℳ

ො𝒛 = min
𝒛

𝒢 𝒛 − 𝒔 + 𝜆 log(1 − 𝒟 𝒢 𝒛 )

• 𝒢 𝒛 − 𝒔 𝒔

• log(1 − 𝒟 𝒢 𝒛 ) 𝒢 ො𝒛

𝒢 𝒟

𝑠𝑐𝑜𝑟𝑒 𝒔 = 𝒢 ො𝒛 − 𝒔 + 𝜆 log(1 − 𝒟 𝒢 ො𝒛 )



𝒛

ℰ(𝒔)

𝒢

ℰ

𝒢(𝒛)

𝒔

𝒟
𝒢 𝒛 , 𝒛

𝒔, ℰ 𝒔



𝒛

ℰ(𝒔)

𝒢

ℰ

𝒢(𝒛)

𝒔

𝒟
𝒢 𝒛 , 𝒛

𝒔, ℰ 𝒔

min
𝒢,ℰ

max
𝒟

ℒ(𝒟, ℰ, 𝒢)

ℒ 𝒟, ℰ, 𝒢 = E𝑠∼𝜙𝑆
log 𝒟 𝒔, ℰ(𝒔 + E𝑧∼𝜙𝑍

log(1 − 𝒟 𝒢 𝒛 , 𝒛 )
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𝒢

ℰ
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𝒟
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ℳ

ℰ = 𝒢−1



ො𝒛 = min
𝒛

𝒢 𝒛 − 𝒔 + 𝜆 log(1 − 𝒟 𝒢 𝒛 )

ො𝒛 = ℰ(𝒔)



ො𝒛 = min
𝒛

𝒢 𝒛 − 𝒔 + 𝜆 log(1 − 𝒟 𝒢 𝒛 )

ො𝒛 = ℰ(𝒔)

𝑠𝑐𝑜𝑟𝑒 𝒔 = 𝒢 ො𝒛 − 𝒔 + 𝜆 log 1 − 𝒟 𝒢 ො𝒛 =

= 𝒢(ℰ 𝒔 ) − 𝒔 + 𝜆 log 1 − 𝒟 𝒢 ℰ(𝒔)



ℛ

𝒟

𝒔 + 𝒩(0, 𝜎2) 𝒛 𝒔′ [0,1]

min
ℛ

max
𝒟

E𝒔∼𝜙𝑆
log 𝒟 𝒔 + E෤𝒔∼𝜙𝑆+𝒩(0,𝜎2) log(1 − 𝒟 ℛ ෤𝒔 )
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ℛ 𝒟)

𝑠𝑐𝑜𝑟𝑒 𝒔 = 𝒟(ℛ 𝒔 )
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𝒔 𝜶 𝒔′

𝜶 𝜸
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1

𝑁
෍

𝑛

𝛾𝑛,𝑖

𝜇𝑖 =
σ𝑛 𝛾𝑛,𝑖𝜶𝑛

Σ𝑛𝛾𝑛,𝑖

Σ𝑖 =
σ𝑛 𝛾𝑛,𝑖 𝜶𝑛 − 𝝁𝑖 𝜶𝑛 − 𝝁𝑖

𝑇

Σ𝑛𝛾𝑛,𝑖
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http://web.mi.imati.cnr.it/ettore/NanoTWICE/
https://www.kaggle.com/c/severstal-steel-defect-detection/data


http://home.deib.polimi.it/boracchi/Projects/projects.html
https://home.deib.polimi.it/carrerad/projects.html
https://github.com/PramuPerera/OCGAN
https://github.com/izikgo/AnomalyDetectionTransformations
https://github.com/houssamzenati/Efficient-GAN-Anomaly-Detection.git
https://github.com/lukasruff/Deep-SVDD

