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𝑜 =  φ (∑(𝑤𝑖 ∗ 𝑥𝑖)

𝑁

𝑖=1

+ 𝑏) =  φ(WX +  b)

φ(x) =  
1

1 + 𝑒−𝑥

𝑂 =  φ(𝐴𝑇X + B)

φ
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𝑅n



20 
 

𝐿𝑎𝑝𝑙𝑎𝑐𝑖𝑎𝑛 𝑓𝑖𝑙𝑡𝑒𝑟: [
0 −1 0

−1 4 −1
0 −1 0

]

𝑆𝑜𝑏𝑒𝑙 𝑥: [
−1 0 1
−2 0 2
−1 0 1

]

𝑆𝑜𝑏𝑒𝑙 𝑦: [
1 2 1
0 0 0

−1 −2 −1
]

Ih 

Iw 

M 

M 

Kh 

Kw 

Oh 

Ow 

N 

N 
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• 

• 

• 

• 

𝑂 =  ⌊
𝐼 + 𝑘 − 2𝑝

𝑠
⌋ + 1
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𝑅𝑒𝐿𝑈(𝑥) = {
𝑥 𝑖𝑓 𝑥 ≥ 0
0 𝑖𝑓 𝑥 < 0

   }
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https://distill.pub/2017/feature-visualization/
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Fig. 19: 
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Fig. 20: 
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𝑐 𝑥⃗

𝐶𝐿 𝐹𝐿

𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡(𝑐 , 𝑥⃗ ) =  
1

2
∑(𝐹𝐿

𝑖,𝑗 − 𝐶𝐿
𝑖,𝑗)²

𝑖,𝑗

𝐹𝐿
𝑖,𝑗

𝜕𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡

𝜕 𝐹𝐿
𝑖,𝑗

=  {
    (𝐹𝐿 − 𝐶𝐿)𝑖,𝑗      𝑖𝑓 𝐹𝐿(𝑋)𝑖,𝑗 > 0

           0                   𝑖𝑓 𝐹𝐿(𝑋)𝑖,𝑗 < 0
}
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𝐺𝑖,𝑗
𝐿 = ⟨𝐹𝑖

𝐿|𝐹𝑗
𝐿⟩ = ∑ 𝐹𝑖,𝑘

𝐿 𝐹𝑗,𝑘
𝐿

𝑘

𝑠 𝑆𝐿

𝐿𝑠𝑡𝑦𝑙𝑒(𝑠 , 𝑥⃗ ) =  ∑ 𝑤𝐿𝐸𝐿

𝐿∈𝑈

(𝑥⃗)

𝑤𝐿 𝐸𝐿(𝑥⃗)

𝑥⃗

𝐸𝐿(𝑥⃗) =
1

4𝑁𝐿
2𝑀𝐿

2 ∑(𝐺𝑖,𝑗
𝐿 −𝑆𝑖,𝑗

𝐿 )²

𝑖,𝑗

𝐸𝐿(𝑥⃗) 𝐹𝐿
𝑖,𝑗

𝜕𝐸𝐿(𝑥⃗)

𝜕 𝐹𝐿
𝑖,𝑗

=  {

1

𝑁𝐿
2𝑀𝐿

2 ((𝐹𝐿)𝑇(𝐺𝐿 − 𝑆𝐿)𝑗,𝑖  𝑖𝑓 𝐹𝐿(𝑋)𝑖,𝑗 > 0

                     0                           𝑖𝑓 𝐹𝐿(𝑋)𝑖,𝑗 < 0

}

𝐿𝑡𝑜𝑡𝑎𝑙(𝑐, 𝑠, 𝑥⃗) =  𝛼𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡(𝑐, 𝑥⃗) + 𝛽𝐿𝑠𝑡𝑦𝑙𝑒(𝑠, 𝑥⃗)
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𝑥

𝑦̂

𝑦̂ 𝑥

𝑦𝑠 𝑦𝑐
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𝐶 ∗ 𝐻 ∗ 𝑊

𝐷𝐶 ∗
𝐻

𝐷
∗

𝑊

𝐷

𝑦𝑐 𝑦̂

𝐶𝐿 𝐹𝐿

𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡( 𝑦̂, 𝑦𝑐   ) =  
1

𝑁𝐿𝐻𝐿𝑊𝐿

‖𝐹𝐿 − 𝐶𝐿‖2
2 =

1

𝑁𝐿𝐻𝐿𝑊𝐿
∑(𝐹𝐿

𝑖,𝑗 − 𝐶𝐿
𝑖,𝑗)²

𝑖,𝑗

𝐺𝑖,𝑗
𝐿 =

1

𝑁𝐿𝐻𝐿𝑊𝐿
⟨𝐹𝑖

𝐿|𝐹𝑗
𝐿⟩ =

1

𝑁𝐿𝐻𝐿𝑊𝐿
∑ 𝐹𝑖,𝑘

𝐿 𝐹𝑗,𝑘
𝐿

𝑘

𝑦𝑠 𝑆𝐿

𝐿 ∈ 𝑈
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𝐿𝑠𝑡𝑦𝑙𝑒(𝑦𝑠, 𝑦̂) = ∑‖𝐺𝐿 − 𝑆𝐿‖𝐹
2

𝐿∈𝑈

 𝑦

𝐿𝑇𝑉𝑅(𝑦) =  ∑((𝑥𝑖,𝑗 − 𝑥𝑖,𝑗+1)
2

+ (𝑥𝑖,𝑗 − 𝑥𝑖+1,𝑗)
2

)
1
2

𝑖,𝑗

𝑥

 𝑦𝑐  𝑦𝑠

W∗ =  arg min
𝑊

 𝐸𝑥,𝑦𝑐,𝑦𝑠
 [λcL𝑐𝑜𝑛𝑡𝑒𝑛𝑡(ŷ, yc) + λsL𝑠𝑡𝑦𝑙𝑒(ŷ, ys) + λTVL𝑇𝑉𝑅(ŷ)] 
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𝑔

𝑔(𝑧) 𝑧

𝑦𝑠

𝑧 𝑦𝑐

Fig. 29: 
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𝑋 = (𝑥𝑛,𝑖,𝑗,𝑘) 𝑁 ∗ 𝐶 ∗ 𝐻 ∗ 𝑊

𝑌 = (𝑦𝑛,𝑖,𝑗,𝑘)

𝑦𝑛,𝑖,𝑗,𝑘 =
𝑥𝑛,𝑖,𝑗,𝑘 − 𝜇𝑛,𝑖

√𝜎𝑛,𝑖
2 + 𝜀

𝜇𝑛,𝑖 =
1

𝐻𝑊
∑ 𝑥𝑛,𝑖,𝑗,𝑘

𝑗,𝑘

𝜎𝑛,𝑖
2 =

1

𝐻𝑊
∑(𝑥𝑛,𝑖,𝑗,𝑘 − 𝜇𝑛,𝑖)²

𝑗,𝑘

𝑦𝑛,𝑖,𝑗,𝑘 =
𝑥𝑛,𝑖,𝑗,𝑘 − 𝜇 𝑖

√𝜎 𝑖
2 + 𝜀

𝜇 𝑖 =
1

𝐻𝑊
∑ 𝑥𝑛,𝑖,𝑗,𝑘

𝑛,𝑗,𝑘

𝜎 𝑖
2 =

1

𝐻𝑊
∑ (𝑥𝑛,𝑖,𝑗,𝑘 − 𝜇 𝑖)²

𝑛,𝑗,𝑘
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𝛽 𝛾

𝑁𝑠 ∗ 𝐶 𝑁𝑠
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𝐶𝐼𝑁(𝑥, 𝑠) = 𝛾𝑆 (
𝑥 − 𝜇(𝑥)

𝜎(𝑥)
) + 𝛽𝑆

𝜇 𝜎 𝑥

𝛾𝑆 𝛽𝑆 𝛾 𝛽

𝛾𝑠 𝛽𝑠

𝛾𝑠 𝛽𝑠

Fig. 34: 
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𝑥 𝑦𝑠

𝐴𝑑𝑎𝐼𝑁(𝑥, 𝑦𝑠) = 𝜎(𝑦𝑠) (
𝑥 − 𝜇(𝑥)

𝜎(𝑥)
) + 𝜇(𝑦𝑠)

𝑓

𝑓

𝑡 = 𝐴𝑑𝑎𝐼𝑁(𝑓(𝑦𝑐), 𝑓(𝑦𝑠)) 

𝑡
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𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  ‖𝑓(𝑔(𝑡)) − 𝑡‖
2

𝐿𝑠𝑡𝑦𝑙𝑒 = ∑ ‖𝜇 (𝐹𝐿(𝑔(𝑡))) − 𝜇(𝐹𝐿(𝑦𝑠))‖
2

𝐿∈𝑈

+ ∑ ‖𝜎 (𝐹𝐿(𝑔(𝑡))) − 𝜎(𝐹𝐿(𝑦𝑠))‖
2

𝐿∈𝑈
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𝐿 ∗ 𝐶 ∗ 𝐻 ∗ 𝑊

𝑥(𝑖)

𝑦(𝑖)

𝑦(𝑖) 

𝑥(𝑖)

𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡(𝑥(𝑖), 𝑦(𝑖)) =
1

𝑁𝐿𝐻𝐿𝑊𝐿
∑(𝐹𝐿

𝑖,𝑗 − 𝐶𝐿
𝑖,𝑗)²

𝑖,𝑗
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𝑦(𝑖) 𝑠

𝐿 ∈ 𝑈

𝐿𝑠𝑡𝑦𝑙𝑒(𝑠, 𝑦(𝑖)) = ∑ (
1

𝑁𝐿²𝐻𝐿²𝑊𝐿²
∑(𝐺𝐿

𝑖,𝑗 − 𝑆𝐿
𝑖,𝑗)²

𝑖,𝑗

)

𝐿∈𝑈

𝑥(𝑖−1) 𝑥(𝑖)

𝑥 𝑦 𝑤(𝑦(𝑖−1), 𝑦(𝑖)) = (𝑢, 𝑣)

𝑤̂(𝑦(𝑖−1), 𝑦(𝑖)) = (𝑢̂, 𝑣) 𝑤̃

𝑤̃(𝑦(𝑖−1), 𝑦(𝑖)) = 𝑤((𝑦(𝑖−1), 𝑦(𝑖)) + 𝑤̂(𝑦(𝑖−1), 𝑦(𝑖)))

|𝑤̂ + 𝑤̃|2 > 0.01(|𝑤̃|2 + |𝑤̂|2) + 0.5

Fig. 38: 



45 
 

|∇𝑢̂|² + |∇𝑣|² > 0.01|𝑤̂|2 + 0.002

𝑐(𝑖−1,𝑖) ∈ {0, 1}𝐶∗𝐻∗𝑊

𝐿𝑡𝑒𝑚𝑝𝑜𝑟𝑎𝑙(𝑦, 𝑤, 𝑐) =
1

𝐶𝐻𝑊
∑ 𝑐𝑛,𝑖,𝑗(𝑦𝑛,𝑖,𝑗 − 𝑤𝑛,𝑖,𝑗)²

𝑛,𝑖,𝑗

𝐿𝑡𝑜𝑡(𝑥(𝑖), 𝑠, 𝑦(𝑖−1), 𝑦(𝑖))

= 𝛼𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡(𝑥(𝑖), 𝑦(𝑖)) + 𝛽𝐿𝑠𝑡𝑦𝑙𝑒(𝑠, 𝑦(𝑖))

+ 𝛾𝐿𝑡𝑒𝑚𝑝𝑜𝑟𝑎𝑙(𝑦(𝑖), 𝑤𝑖−1
𝑖 (𝑦(𝑖−1)), 𝑐(𝑖−1,𝑖))

𝑤𝑖−1
𝑖 (𝑥(𝑖−1)) 𝑥(𝑖−1)

𝐿𝑡𝑜𝑡(𝑥(𝑖), 𝑠, 𝑦(𝑖−𝑗), … , 𝑦(𝑖)) = 𝛼𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡(𝑥(𝑖), 𝑦(𝑖)) + 𝛽𝐿𝑠𝑡𝑦𝑙𝑒(𝑠, 𝑦(𝑖)) +

𝛾 ∑ 𝐿𝑡𝑒𝑚𝑝𝑜𝑟𝑎𝑙(𝑦(𝑖), 𝑤𝑖−𝑗
𝑖 (𝑦(𝑖−𝑗)), 𝑐𝑙𝑜𝑛𝑔

(𝑖−𝑗,𝑖)
)

𝑗∈𝐽:𝑖−𝑗≥1

𝑐𝑙𝑜𝑛𝑔
(𝑖−𝑗,𝑖)

= 𝑚𝑎𝑥 (𝑐(𝑖−𝑗,𝑖) − ∑ 𝑐(𝑖−𝑘,𝑖)

𝑘∈𝐽:𝑘<𝑗

, 0)

https://www.youtube.com/watch?v=vQk_Sfl7kSc


46 
 

Fig. 39: 

Fig. 40: 
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𝑊∗ = arg min
𝑊

𝐸𝑥(1),𝑥(2) [𝐿𝑡𝑜𝑡(𝑥(2), 𝑠, 𝑦(2), 𝑦(1))] + 𝐸𝑝 [𝐿𝑡𝑜𝑡(𝑥(1), 𝑠, Φ𝑊
𝑣𝑖𝑑(𝑥(1), 𝑂, 𝑂), 𝑂)]

𝑦(2) = Φ𝑊
𝑣𝑖𝑑(𝑥(2), 𝑤1

2(𝑦(1)), 𝑐(1,2))
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𝑂

𝑓(1) 𝑓(𝑁−1)

𝑦(𝑁−1)

𝑦(𝑁)

𝑊∗ = arg min
𝑊

𝐸𝑥(𝑡),𝑥(𝑡+1) [𝐿𝑡𝑜𝑡(𝑥(𝑡+1), 𝑠, 𝑦(𝑡+1), 𝑦(𝑡))]

𝑦(𝑡+1) = Φ𝑊
𝑣𝑖𝑑(𝑥(𝑡+1), 𝑤𝑡

𝑡+1(𝑦(𝑡)), 𝑐(𝑡,𝑡+1))

Fig. 42:  

Fig. 43: 
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Fig. 44: 

Fig. 45: 
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• 

• 

• 

Fig. 46: 
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https://www.youtube.com/watch?v=vhBRanZmdH0
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• 

• 

• 

• 
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56 
 

Fig. 55: The network didn’t learn to enforce 

temporal coherence as well as desired, some 

flickering effect remains.  

Top row: frame 10. Middle row: frame 11. 

Left column: input frame. Right column: stylized 

frame 

Bottom image: style target 
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