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모델이학습한데이터셋은정확하게분류하되, 

학습하지않은데이터셋은 걸러내는것이목표
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Anomaly Detection Novelty Detection

Out-of-distributionDetectionOpenSetRecognition
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Space

Normal Dataset
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Space

Normal DatasetAnomaly
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Space

Normal DatasetAnomaly

Novelty
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Space

Normal Dataset
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Space

Open-set Normal Dataset
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Space

Open-set

Out-of-distribution

Normal Dataset
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Out-of-distributionDetection

Density based methodClassification based method Distance based method
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Out-of-distributionDetection

Density based methodClassification based method Distance based method
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𝑆𝑜𝑓𝑡𝑚𝑎𝑥 = 𝜎 𝑧 𝑖 =
𝑒𝑧𝑖

σ𝑗=1
𝑘 𝑒𝑧𝑗
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𝑐𝑙𝑎𝑠𝑠 1 𝑐𝑙𝑎𝑠𝑠 2 𝑐𝑙𝑎𝑠𝑠 3 𝑐𝑙𝑎𝑠𝑠 4 𝑐𝑙𝑎𝑠𝑠 1 𝑐𝑙𝑎𝑠𝑠 2 𝑐𝑙𝑎𝑠𝑠 3 𝑐𝑙𝑎𝑠𝑠 4
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𝑐𝑙𝑎𝑠𝑠 1 𝑐𝑙𝑎𝑠𝑠 2 𝑐𝑙𝑎𝑠𝑠 3 𝑐𝑙𝑎𝑠𝑠 1 𝑐𝑙𝑎𝑠𝑠 2 𝑐𝑙𝑎𝑠𝑠 3

OOD OOD
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𝑇𝑃𝑅 =
𝑇𝑃

𝑎𝑙𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
=

𝑇𝑃

𝑇𝑃 + 𝐹𝑁

𝐹𝑃𝑅 =
𝐹𝑃

𝑎𝑙𝑙 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒
=

𝐹𝑃

𝐹𝑃 + 𝑇𝑁
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𝑇𝑃𝑅 =
𝑇𝑃

𝑎𝑙𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
=

𝑇𝑃

𝑇𝑃 + 𝐹𝑁
= 𝑅𝑒𝑐𝑎𝑙𝑙

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃



26



27

min
𝜃

𝐸𝑃𝑖𝑛( ො𝑥, ො𝑦) − log𝑃𝜃 𝑦 = ො𝑦 | ෝ𝑥 + 𝛽𝐸𝑃𝑜𝑢𝑡(𝑥)[𝐾𝐿 (𝑈 𝑦 || 𝑃𝜃(𝑦|𝑥)]

𝑐𝑙𝑎𝑠𝑠 1 𝑐𝑙𝑎𝑠𝑠 2 𝑐𝑙𝑎𝑠𝑠 3
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min
𝜃

𝐸𝑃𝑖𝑛( ො𝑥, ො𝑦) − log𝑃𝜃 𝑦 = ො𝑦 | ෝ𝑥 + 𝛽𝐸𝑃𝑜𝑢𝑡(𝑥)[𝐾𝐿 (𝑈 𝑦 || 𝑃𝜃(𝑦|𝑥)]

𝑐𝑙𝑎𝑠𝑠 1 𝑐𝑙𝑎𝑠𝑠 2 𝑐𝑙𝑎𝑠𝑠 3
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min
𝐺

max
𝐷

𝛽𝐸𝑃𝐺(𝑥)[𝐾𝐿(𝑈 𝑦 || 𝑃𝜃(𝑦|𝑥)] + 𝐸𝑃𝑖𝑛(𝑥) log𝐷 𝑥 + 𝐸𝑃𝐺(𝑥)[log(1 − 𝐷 𝑥 )]



32

min
𝐺

max
𝐷

𝛽𝐸𝑃𝐺(𝑥)[𝐾𝐿(𝑈 𝑦 || 𝑃𝜃(𝑦|𝑥)] + 𝐸𝑃𝑖𝑛(𝑥) log𝐷 𝑥 + 𝐸𝑃𝐺(𝑥)[log(1 − 𝐷 𝑥 )]

𝑐𝑙𝑎𝑠𝑠 1 𝑐𝑙𝑎𝑠𝑠 2 𝑐𝑙𝑎𝑠𝑠 3
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min
𝐺

max
𝐷

min
𝜃

𝐸𝑃𝑖𝑛 ො𝑥, ො𝑦 − log𝑃𝜃 𝑦 = ො𝑦 ො𝑥 + 𝛽𝐸𝑃𝐺(𝑥)[𝐾𝐿 𝑈 𝑦 | 𝑃𝜃 𝑦 𝑥

+𝐸𝑃𝑖𝑛 ො𝑥 log𝐷 ො𝑥 + 𝐸𝑃𝐺 𝑥
[log(1 − 𝐷(𝑥))]
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min
𝐺

max
𝐷

min
𝜃

𝐸𝑃𝑖𝑛 ො𝑥, ො𝑦 − log𝑃𝜃 𝑦 = ො𝑦 ො𝑥 + 𝛽𝐸𝑃𝐺(𝑥)[𝐾𝐿 𝑈 𝑦 | 𝑃𝜃 𝑦 𝑥

+𝐸𝑃𝑖𝑛 ො𝑥 log𝐷 ො𝑥 + 𝐸𝑃𝐺 𝑥
[log(1 − 𝐷(𝑥))]
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𝑠𝑐𝑜𝑛 𝑥; 𝑥𝑚 ≔ max
𝑚

𝑠𝑖𝑚 𝑧 𝑥𝑚 , 𝑧 𝑥 𝑧(𝑥)

𝒛 𝒙𝟏

𝒛 𝒙

𝒛 𝒙𝟐

𝑥

𝒚

𝒛 𝒙𝟏

𝒛 𝒙

𝒛 𝒙𝟐

𝑥

𝒚

𝒛(𝒙)

𝑠𝑖𝑚 𝑧 𝑥𝑚 , 𝑧 𝑥 =
𝑧 𝑥𝑚 𝑧(𝑥)

𝑧(𝑥𝑚) 𝑧(𝑥) 𝑥 𝑝 = 

𝑖=1

𝑛

𝑥𝑖
𝑝

1/𝑝



39

𝒛(𝒙)

𝑠𝑐𝑜𝑛 𝑥; 𝑥𝑚 ≔ max
𝑚

𝑠𝑖𝑚 𝑧 𝑥𝑚 , 𝑧 𝑥 𝑧(𝑥)

𝒛 𝒙𝟏

𝒛 𝒙

𝒛 𝒙𝟐

𝑥

𝒚

𝒛′ 𝒙

𝒛′ 𝒙𝟏

𝑠𝑖𝑚 𝑧 𝑥𝑚 , 𝑧 𝑥 =
𝑧 𝑥𝑚 𝑧(𝑥)

𝑧(𝑥𝑚) 𝑧(𝑥) 𝑥 𝑝 = 

𝑖=1

𝑛

𝑥𝑖
𝑝

1/𝑝

𝒛 𝒙𝟏

𝒛 𝒙

𝒛 𝒙𝟐

𝑥

𝒚

𝒛′(𝒙)
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