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z ∼ pz(z)

pdata(x)



min
𝐺

max
𝐷

𝐸𝑥∼𝑝 (𝑥) [log 𝐷 (𝑥)] + 𝐸𝑧∼𝑝𝑧(𝑧) [log (1 − 𝐷(𝐺(𝑧)))]

𝐸𝑥∼𝑝 (𝑥)[log 𝐷 (𝑥)]

𝐸𝑧∼𝑝𝑧(𝑧) [log (1 − 𝐷(𝐺(𝑧)))]









• 



• 

• 

















  





• 



• 

• 

• 

• 







p 





• 

• 

o 

o 

• 

• 



• 

 

• 

• 

o 

• 

• 





  

 







10-6



MSE =
1

𝑁
∑(𝑥𝑖 − 𝑦𝑖)2

𝑁

𝑖=1

𝑥𝑖 𝑦𝑖

PSNR = 10 ⋅ log10 (
𝑀𝐴𝑋𝐼

2

MSE
)

𝑀𝐴𝑋𝐼 𝑀𝑆𝐸



𝑆𝑆𝐼𝑀(𝑥, 𝑦) = [(𝑙(𝑥, 𝑦))𝛼(𝑐(𝑥, 𝑦))𝛽(𝑠(𝑥, 𝑦))𝛾]

𝑙

𝑐

α β γ

𝑙(𝑥, 𝑦) =
2μ𝑥μ𝑦 + 𝐶1

μ𝑥
2 + μ𝑦

2 + 𝐶1

𝑐(𝑥, 𝑦) =
2σ𝑥σ𝑦 + 𝐶2

σ𝑥
2 + σ𝑦

2 + 𝐶2

𝑠(𝑥, 𝑦) =
σ𝑥𝑦 + 𝐶3

σ𝑥σ𝑦 + 𝐶3

μ𝑥 μ𝑦 σ𝑥
2 σ𝑦

2

σ𝑥𝑦 𝐶1 𝐶2 𝐶3

𝐶1 = (𝑘1𝐿)2 𝐶2 = (𝑘2𝐿)2 𝐿

𝑘1 𝑘2

α =  β =  γ =  1

𝑆𝑆𝐼𝑀(𝑥, 𝑦) =
(2μ𝑥μ𝑦 + 𝐶1)(2σ𝑥𝑦 + 𝐶2)

(μ𝑥
2 + μ𝑦

2 + 𝐶1)(σ𝑥
2 + σ𝑦

2 + 𝐶2)



𝑥 𝑦

LPIPS(𝑥, 𝑦) = ∑
1

𝐻𝑙𝑊𝑙
𝑙

∑ |

ℎ,𝑤

𝑤𝑙 ⊙ (ϕ𝑙(𝑥)ℎ𝑤 − ϕ𝑙(𝑦)ℎ𝑤)|2
2

ϕ𝑙 𝐻𝑙𝑊𝑙

𝑤𝑙











𝐷(𝑥, 𝑦, 𝑐) = |𝐼ref(𝑥, 𝑦, 𝑐) − 𝐼test(𝑥, 𝑦, 𝑐)|

𝐼ref(𝑥, 𝑦, 𝑐) (𝑥, 𝑦) 𝑐

𝐼test(𝑥, 𝑦, 𝑐)

𝑐 ∈ {𝑅, 𝐺, 𝐵}

𝐷(𝑥, 𝑦, 𝑐)
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5.6 𝑥 1019 −1.3 𝑥 1016









 

  












