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-Simple distribution to
Complex distribution

-Inverse functions

-Not deterministic model



SRFLOW

• SRFlow: Super-Resolution + Normalizing Flow

• Normalizing Flow : Generative model, 𝑃(𝑥|𝑧)
• 𝑋 = 𝑧! = 𝑓! ∘ ⋯𝑓" ∘ 𝑓#(𝑧$)

• log 𝑃(𝑋) = log 𝜋$(𝑧$) − ∑%&#! log | det '(!
')!"#

|

• Function 𝑓$
• Invertible & easy to compute jacobian determinant



SRFLOW

• Conditional Normalizing Flow

Normalizing	Flow
1. 𝑧!, 𝑧" = 𝑠𝑝𝑙𝑖𝑡 𝑧
2. 𝑠𝑐𝑎𝑙𝑒, 𝑏𝑖𝑎𝑠 = 𝑓𝑛(𝑧")
3. 𝑧! =

#!
$%&'(

− 𝑏𝑖𝑎𝑠
4. 𝑧)(* = 𝑐𝑜𝑛𝑐𝑎𝑡(𝑧!, 𝑧")

Conditional	Normalizing	Flow
1. 𝑧!, 𝑧" = 𝑠𝑝𝑙𝑖𝑡 𝑧
2. 𝑠𝑐𝑎𝑙𝑒, 𝑏𝑖𝑎𝑠 = 𝑓𝑛(𝑧", 𝐿𝑅_𝑖𝑚𝑎𝑔𝑒)
3. 𝑧! =

#!
$%&'(

− 𝑏𝑖𝑎𝑠
4. 𝑧)(* = 𝑐𝑜𝑛𝑐𝑎𝑡(𝑧!, 𝑧")

Affine	Injector
1. 𝑠𝑐𝑎𝑙𝑒, 𝑏𝑖𝑎𝑠 = 𝑓𝑛(𝐿𝑅_𝑖𝑚𝑎𝑔𝑒)
2. 𝑧 = #

$%&'(
− 𝑏𝑖𝑎𝑠



Adding
Noise to generate
Various images



Noise Conditional Layer

Github repo: https://github.com/younggeun-kim/NCSR





NCSR

• Noise Conditional Super-Resolution Model

• Noise perturbed data

• Noise Conditional Flow

• 1. Noise sampling

• 2. Data Perturbation

• 𝑥" = 𝑥 + 𝑣 (GT)

• 𝑦" = 𝑦 + 𝑤 (LR), (𝑤 is dowsampled 𝑣)

• 3. Noise Conditional Flow

• 𝑓#$ 𝑥" 𝑦", 𝑣 = 𝑧



NCSR

• 1. Noise sampling

• 2. Data Perturbation

• 𝑥+ = 𝑥 + 𝑣 (GT)

• 𝑦+ = 𝑦 + 𝑤 (LR)

• 3. Noise Conditional Flow

• 𝑓,! 𝑥+ 𝑦+, 𝑣 = 𝑧

Normalizing	Flow
1. 𝑧!, 𝑧" = 𝑠𝑝𝑙𝑖𝑡 𝑧
2. 𝑠𝑐𝑎𝑙𝑒, 𝑏𝑖𝑎𝑠 = 𝑓𝑛(𝑧")
3. 𝑧! =

#!
$%&'(

− 𝑏𝑖𝑎𝑠
4. 𝑧)(* = 𝑐𝑜𝑛𝑐𝑎𝑡(𝑧!, 𝑧")

Conditional	Normalizing	Flow
1. 𝑧!, 𝑧" = 𝑠𝑝𝑙𝑖𝑡 𝑧
2. 𝑠𝑐𝑎𝑙𝑒, 𝑏𝑖𝑎𝑠 = 𝑓𝑛(𝑧", 𝑦)
3. 𝑧! =

#!
$%&'(

− 𝑏𝑖𝑎𝑠
4. 𝑧)(* = 𝑐𝑜𝑛𝑐𝑎𝑡(𝑧!, 𝑧")

Conditional	Normalizing	Flow	with	Noise
1. 𝑧!, 𝑧" = 𝑠𝑝𝑙𝑖𝑡 𝑧
2. 𝑠𝑐𝑎𝑙𝑒, 𝑏𝑖𝑎𝑠 = 𝑓𝑛(𝑧", 𝑦+, 𝑣)
3. 𝑧! =

#!
$%&'(

− 𝑏𝑖𝑎𝑠
4. 𝑧)(* = 𝑐𝑜𝑛𝑐𝑎𝑡(𝑧!, 𝑧")



DATASET

• Train data : DF2K

• 800 + 2650 2K resolution images

• Test / Valid : DIV2K

• 100 2K resolution images

• Additional Dataset is allowed except DIV2K valid and test dataset

• Unsplash2K

• Crawled from unsplash.com

• 498 pairs

• http://github.com/dongheehand/unsplash2K



New Super Resolution Dataset



New Super Resolution Dataset

Ablation Study













X4 task

X8 task



SUMMARY

• Flow-based model(not deterministic model)

• Noise adding to generate diverse super resolution images

• Noise conditional layer to inform noise to model

• Solving dimension mismatch leads good perceptual quality

• Got 1st place in NTIRE 2021, Learning for the Super Resolution task both of 
X4, X8 tasks.

• Github repo: https://github.com/younggeun-kim/NCSR

• If you have question about paper or presentation, please send mail to 
eyfydsyd97@snu.ac.kr

https://github.com/younggeun-kim/NCSR

