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Style Transfer1

The goal of style transfer is to generate an image ො𝑦 that combines the content of 
a target content image 𝑦𝑐 with the style of a target style image 𝑦𝑠.

1. Style transfer using Pre-trained networks
• It is possible with only two images(content image & style image).
• When generating a new image, it needs to be newly optimized.

2. Train a style transfer network
• When training a network and applying it to a new image, you only need to feed forward.
• It needs to train the network, so I need a lot of images and it takes a long time to train.
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Style Transfer1

Content image

Red bounding box : Style Image
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Style Transfer1

‘conv1_2(a)’,

'conv2_2(b)’, 

'conv3_2(c)’,

'conv4_2(d)’,

'conv5_2(e)

‘conv1_1(a)’,

'conv1_1, conv2_1(b)’, 

'conv1_1, conv2_1, conv3_1(c)’,

'conv1_1, conv2_1, conv3_1, conv4_1(d)’,

'conv1_1, conv2_1, conv3_1, conv4_1, conv5_1(e)

Content Reconstructions

Style Reconstructions
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Style Transfer1

𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡 Ԧ𝑝, Ԧ𝑥, 𝑙 =
1

2


𝑖,𝑗

(𝐹𝑖𝑗
𝑙 − 𝑃𝑖𝑗

𝑙 )2

𝜕𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡

𝜕𝐹𝑖𝑗
𝑙 = ቐ

(𝐹𝑙 − 𝑃𝑙)𝑖𝑗 if 𝐹𝑖𝑗
𝑙 > 0

0 if 𝐹𝑖𝑗
𝑙 < 0

Content representation

𝐹𝑖𝑗
𝑙 ∶ 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑡ℎ 𝑓𝑖𝑙𝑡𝑒𝑟 𝑎𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑗 𝑖𝑛 𝑙𝑎𝑦𝑒𝑟 𝑙 𝑢𝑠𝑖𝑛𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑚𝑎𝑔𝑒

𝑃𝑖𝑗
𝑙 ∶ 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑡ℎ 𝑓𝑖𝑙𝑡𝑒𝑟 𝑎𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑗 𝑖𝑛 𝑙𝑎𝑦𝑒𝑟 𝑙 𝑢𝑠𝑖𝑛𝑔 𝑛𝑜𝑖𝑠𝑒 𝑖𝑚𝑎𝑔𝑒
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Style Transfer1
Style representation

𝐺𝑖𝑗
𝑙 = 

𝑘

𝐹𝑖𝑘
𝑙 𝐹𝑗𝑘

𝑙

𝐸𝑙 =
1

4𝑁𝑙
2𝑀𝑙

2

𝑖,𝑗

(𝐺𝑖𝑗
𝑙 − 𝐴𝑖𝑗

𝑙 )2

𝐿𝑠𝑡𝑦𝑙𝑒 Ԧ𝑎, Ԧ𝑥 = 

𝑙=0

𝐿

𝑤𝑙𝐸𝑙

𝜕𝐸𝑙

𝜕𝐹𝑖𝑗
𝑙 =

1

𝑁𝑙
2𝑀𝑙

2 ( 𝐹𝑙 𝑇
(𝐺𝑙 − 𝐴𝑙))𝑖𝑗 if 𝐹𝑖𝑗

𝑙 > 0

0 if 𝐹𝑖𝑗
𝑙 < 0

𝐴𝑙: 𝑤ℎ𝑒𝑟𝑒 𝐴𝑖𝑗
𝑙 𝑖𝑠 𝑡ℎ𝑒 𝑖𝑛𝑛𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑏𝑒𝑡𝑤𝑒𝑒𝑛𝐹𝑖

𝑙 𝐹𝑗
𝑙 𝑖𝑛 𝑙𝑎𝑦𝑒𝑟 𝑙 𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑦𝑙𝑒 𝑖𝑚𝑎𝑔𝑒

𝐺𝑙: 𝑤ℎ𝑒𝑟𝑒 𝐺𝑖𝑗
𝑙 𝑖𝑠 𝑡ℎ𝑒 𝑖𝑛𝑛𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑏𝑒𝑡𝑤𝑒𝑒𝑛𝐹𝑖

𝑙 𝐹𝑗
𝑙 𝑖𝑛 𝑙𝑎𝑦𝑒𝑟 𝑙 𝑢𝑠𝑖𝑛𝑔 𝑛𝑜𝑖𝑠𝑒 𝑖𝑚𝑎𝑔𝑒

𝑁𝑙: 𝑤ℎ𝑒𝑟𝑒 # 𝑜𝑓 𝑓𝑒𝑎𝑡𝑢𝑟𝑒 𝑚𝑎𝑝𝑠 𝑎𝑡 𝑙𝑎𝑦𝑒𝑟 𝑙
𝑀𝑙: ℎ𝑒𝑖𝑔ℎ𝑡 ∗ 𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑓𝑒𝑎𝑡𝑢𝑟𝑒 𝑚𝑎𝑝𝑠 𝑎𝑡 𝑙𝑎𝑦𝑒𝑟 𝑙
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Style Transfer1
Style representation

𝐺𝑖𝑗
𝑙 = 

𝑘
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𝑙 𝐹𝑗𝑘
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𝑙 − 𝐴𝑖𝑗
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𝐿𝑠𝑡𝑦𝑙𝑒 Ԧ𝑎, Ԧ𝑥 = 

𝑙=0

𝐿

𝑤𝑙𝐸𝑙

𝜕𝐸𝑙

𝜕𝐹𝑖𝑗
𝑙 =

1

𝑁𝑙
2𝑀𝑙

2 ( 𝐹𝑙 𝑇
(𝐺𝑙 − 𝐴𝑙))𝑖𝑗 if 𝐹𝑖𝑗

𝑙 > 0

0 if 𝐹𝑖𝑗
𝑙 < 0

𝐴𝑙: 𝑤ℎ𝑒𝑟𝑒 𝐴𝑖𝑗
𝑙 𝑖𝑠 𝑡ℎ𝑒 𝑖𝑛𝑛𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑏𝑒𝑡𝑤𝑒𝑒𝑛𝐹𝑖

𝑙 𝐹𝑗
𝑙 𝑖𝑛 𝑙𝑎𝑦𝑒𝑟 𝑙 𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑦𝑙𝑒 𝑖𝑚𝑎𝑔𝑒

𝐺𝑙: 𝑤ℎ𝑒𝑟𝑒 𝐺𝑖𝑗
𝑙 𝑖𝑠 𝑡ℎ𝑒 𝑖𝑛𝑛𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑏𝑒𝑡𝑤𝑒𝑒𝑛𝐹𝑖

𝑙 𝐹𝑗
𝑙 𝑖𝑛 𝑙𝑎𝑦𝑒𝑟 𝑙 𝑢𝑠𝑖𝑛𝑔 𝑛𝑜𝑖𝑠𝑒 𝑖𝑚𝑎𝑔𝑒

𝑁𝑙: 𝑤ℎ𝑒𝑟𝑒 # 𝑜𝑓 𝑓𝑒𝑎𝑡𝑢𝑟𝑒 𝑚𝑎𝑝𝑠 𝑎𝑡 𝑙𝑎𝑦𝑒𝑟 𝑙
𝑀𝑙: ℎ𝑒𝑖𝑔ℎ𝑡 ∗ 𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑓𝑒𝑎𝑡𝑢𝑟𝑒 𝑚𝑎𝑝𝑠 𝑎𝑡 𝑙𝑎𝑦𝑒𝑟 𝑙
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Style Transfer1

𝐿𝑡𝑜𝑡𝑎𝑙 റ𝑝, റ𝑎, റ𝑥 = 𝛼𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡( റ𝑝, റ𝑥) + 𝛽𝐿𝑠𝑡𝑦𝑙𝑒( റ𝑎, റ𝑥)

Style transfer
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Style Transfer1
Style Image Content Image

𝛼/𝛽 = 0.01

𝛼/𝛽 = 0.01 𝛼/𝛽 = 0.1

𝛼/𝛽 = 0.0001 𝛼/𝛽 = 0.001
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Super-Resolution2

The task of estimating high-resolution (HR) images from low-
resolution (LR) counterpart is referred to as super-resolution (SR).
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Super-Resolution2

Patch extraction and representation : Patch extraction rom low-resolution image Y

Non-linear mapping : mapping to high dimension patch vector to other high dimension

Reconstruction : generate the super-resolution image from high dimension patch vector
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Super-Resolution2
Patch extraction and representation

𝐹1 𝑌 = max(0,𝑊1 ∗ 𝑌 + 𝐵1)

𝐹2 𝑌 = max(0,𝑊2 ∗ 𝐹1 𝑌 + 𝐵2)

Non-linear mapping

Reconstruction

𝐹 𝑌 = 𝑊3 ∗ 𝐹2 𝑌 + 𝐵3

𝐿 Θ =
1

𝑛


𝑖=1

𝑛

𝐹 𝑌𝑖; Θ − 𝑋𝑖
2

Mapping function

Y : low resolution image
F(Y) : Super-resolution image
X :Ground truth high resolution image
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Perceptual Loss for Style Transfer and Super Resolution3

Overview

Propose the used of perceptual loss for training feed-forward networks for image 
transformation.

Per-pixel loss functions compare two images base on their pixel values.

Perceptual loss function compare two images base on high-level representation 
from pretrained neural net.
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3

𝑊∗ = arg min
𝑊

𝐸𝑥,{𝑦𝑖} [

𝑖=1

𝜆𝑖ℓ𝑖 𝑓𝑊 𝑥 , 𝑦𝑖 ]

ℓ𝑓𝑒𝑎𝑡
∅,𝑗

ො𝑦, 𝑦 =
1

𝐶𝑗𝐻𝑗𝑊𝑗
∅𝑗 ො𝑦 − ∅𝑗(𝑦) 2

2

Feature Reconstruction Loss

Style Reconstruction Loss

𝐺𝑗
∅(𝑥)𝑐,𝑐´=

1

𝐶𝑗𝐻𝑗𝑊𝑗


ℎ=1

𝐻𝑗



𝑤=1

𝑊𝑗

∅𝑗(𝑥)ℎ,𝑤,𝑐∅𝑗(𝑥)ℎ,𝑤,𝑐´

ℓ𝑓𝑒𝑎𝑡
∅,𝑗

ො𝑦, 𝑦 = 𝐺𝑗
∅ ො𝑦 − 𝐺𝑗

∅(𝑦)
𝐹

2

Image transform network

Perceptual Loss for Style Transfer and Super Resolution
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3

ℓ𝑓𝑒𝑎𝑡
∅,𝑗

ො𝑦, 𝑦 =
1

𝐶𝑗𝐻𝑗𝑊𝑗
∅𝑗 ො𝑦 − ∅𝑗(𝑦) 2

2

Feature Reconstruction Loss

C : channel
H : Height
W : Width

Perceptual Loss for Style Transfer and Super Resolution
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3

Style Reconstruction Loss

𝐺𝑗
∅(𝑥)𝑐,𝑐´=

1

𝐶𝑗𝐻𝑗𝑊𝑗


ℎ=1

𝐻𝑗



𝑤=1

𝑊𝑗

∅𝑗(𝑥)ℎ,𝑤,𝑐∅𝑗(𝑥)ℎ,𝑤,𝑐´

Perceptual Loss for Style Transfer and Super Resolution

ℓ𝑓𝑒𝑎𝑡
∅,𝑗

ො𝑦, 𝑦 = 𝐺𝑗
∅ ො𝑦 − 𝐺𝑗

∅(𝑦)
𝐹

2
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3

𝐺𝑗
∅(𝑥)𝑐,𝑐´=

1

𝐶𝑗𝐻𝑗𝑊𝑗


ℎ=1

𝐻𝑗



𝑤=1

𝑊𝑗

∅𝑗(𝑥)ℎ,𝑤,𝑐∅𝑗(𝑥)ℎ,𝑤,𝑐´

Style Reconstruction Loss

Perceptual Loss for Style Transfer and Super Resolution

ℓ𝑓𝑒𝑎𝑡
∅,𝑗

ො𝑦, 𝑦 = 𝐺𝑗
∅ ො𝑦 − 𝐺𝑗

∅(𝑦)
𝐹

2
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3 Perceptual Loss for Style Transfer and Super Resolution
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Result4
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Result4
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Result4
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Result4
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Result4
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Result4
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