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1. Introduction
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출처: https://www.yna.co.kr/view/AKR20191108058400063
http://www.digitaltoday.co.kr/news/articleView.html?idxno=233998

<ETRI –차량번호판복원> <암스테르담박물관-미술명작복원>

https://www.yna.co.kr/view/AKR20191108058400063
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출처: https://hoya012.github.io/blog/SIngle-Image-Super-Resolution-Overview/

<ill-posed problem example>
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<Deep Learning Frameworks for Super-Resolution>
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①Pre-upsampling SR ②Post-upsampling SR

③Progressive upsampling SR ④ Iterative up-and-down Sampling SR

출처: Wang, Z., Chen, J., & Hoi, S. C. (2020). Deep learning for image super-resolution: A survey. IEEE transactions on pattern analysis and machine intelligence.
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①Supervised Learning

②Generative Adversarial Network(GAN)
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2. Image Super-Resolution
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Convolution① Max-pooling Convolution②

Fully Connected Layer

0.8 = 팬더

0.1 = 강아지

0.08 = 캥거루

0.02 = 고양이

<Classification Model>

[Input Image]
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Convolution① Max-pooling Convolution②

[Input Image]

<Image Super-Resolution Model>
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Convolution① Max-pooling Convolution②

[Input Image]

<Image Super-Resolution Model>

저해상도 이미지 크기를 어떻게

고해상도 이미지 크기로 맞춰 학습할 것인가?
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[Input Image-LR]

1 0

2 3

[Output Image-HR]

1 1 0 3

0 2 1 0

2 2 3 2

1 0 0 1

??
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[Input Image-LR]

1 0

2 3

[Output Data]

1 1 3 0

0 2 1 0

1 2 2 0

2 0 0 3

1 0

2 3

Resizing

빈곳을어떻게
채울것인가?

**쉽게보여주기위한단순example임
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▪ Nearest-neighbor Interpolation

✓ 인접픽셀값으로채움

▪ Bilinear Interpolation

✓ 인접4개픽셀값의 liner interpolation 진행

▪ Bicubic Interpolation

✓ 인접16개픽셀값의cubic interpolation 진행

▪ Transpose Convolution Layer

✓ 저해상도이미지확장후Convolution 연산진행

▪ Sub-pixel Convolution Layer

✓ Convolution 연산후pixel별로모음

① Interpolation-basedupsampling ②Learning-based upsampling
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[Input Image-LR]

1 0

2 3

Resizing
1 1 0 0

1 1 0 0

2 2 3 3

2 2 3 3

가장가까운
픽셀값으로채움

1 0

2 3
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[Input Data]

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

[Output Data]

𝑓 𝑥 = ൞

𝑎 + 2 |𝑥|3 − 𝑎 + 3 𝑥 2 + 1, 0 ≤ |𝑥| < 1

𝑎|𝑥|3 − 5𝑎 𝑥 2 + 8𝑎, 𝑥 − 4a, 0 ≤ |𝑥| < 1
0, 2 ≤ |𝑥|

𝑊ℎ𝑒𝑟𝑒, 𝑎 =-0.5, -0.75 or -1.0

𝒙 = 거리, 𝒇 𝒙 = 거리에 따른 가중치
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[Input Data]

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

[Output Data]

𝑓 𝑥 = ൞

𝑎 + 2 |𝑥|3 − 𝑎 + 3 𝑥 2 + 1, 0 ≤ |𝑥| < 1

𝑎|𝑥|3 − 5𝑎 𝑥 2 + 8𝑎, 𝑥 − 4a, 0 ≤ |𝑥| < 1
0, 2 ≤ |𝑥|

𝑊ℎ𝑒𝑟𝑒, 𝑎 =-0.5, -0.75 or -1.0

𝒙 = 거리, 𝒇 𝒙 = 거리에 따른 가중치

-인접한데이터를가장많이활용하는bicubic interpolation 방법이가장성능이좋고자주활용됨-
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출처: http://blog.naver.com/PostView.nhn?blogId=dic1224&logNo=220840978075&redirect=Dlog&widgetTypeCall=true&directAccess=false

<원본이미지>

<Nearest Neighbor> <Bilinear> <Bicubic>
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1 0

2 3

1 0

2 3

[Input Data] [Expanding]
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1 0

2 3

1 0 0 0

0 0 0 0

2 0 3 0

0 0 0 0

[Input Data] [Expanding]
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1 0

2 3

1 0 0 0

0 0 0 0

2 0 3 0

0 0 0 0

[Input Data]

0 0 0 0 0 0

0 1 0 0 0 0

0 0 0 0 0 0

0 2 0 3 0 0

0 0 0 0 0 0

0 0 0 0 0 0

[Expanding] [Convolution]

** Output Data 크기에맞춰padding
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1 0

2 3

1 0 0 0

0 0 0 0

2 0 3 0

0 0 0 0

[Input Data] [Output Data]

0 0 0 0 0 0

0 1 0 0 0 0

0 0 0 0 0 0

0 2 0 3 0 0

0 0 0 0 0 0

0 0 0 0 0 0

[Expanding]

??

[Convolution]

** Output Data 크기에맞춰padding

𝒘𝟏 𝒘2 𝒘3

𝒘4 𝒘5 𝒘6

𝒘7 𝒘8 𝒘9

*

Convolutional Filter
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1 0

2 3

1 0 0 0

0 0 0 0

2 0 3 0

0 0 0 0

[Input Data] [Output Data]

0 0 0 0 0 0

0 1 0 0 0 0

0 0 0 0 0 0

0 2 0 3 0 0

0 0 0 0 0 0

0 0 0 0 0 0

[Expanding]

2

** Output Data 크기에맞춰padding

0 1 0

1 2 1

1 0 0
[Convolution]

*

Convolutional Filter
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1 0 0 0

0 0 0 0

2 0 3 0

0 0 0 0

[Input Data] [Output Data]

0 0 0 0 0 0

0 1 0 0 0 0

0 0 0 0 0 0

0 2 0 3 0 0

0 0 0 0 0 0

0 0 0 0 0 0

[Expanding]

2 1 0 0

1 2 0 3

4 5 6 3

2 0 3 0

** Output Data 크기에맞춰padding

0 1 0

1 2 1

1 0 0
[Convolution]

Convolutional Filter

*
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1 0

2 3

0 0 0 0

0 1 0 0

0 2 3 0

0 0 0 0

[Input Data] [Padding]

𝒘𝟏 𝒘2 𝒘3

𝒘4 𝒘5 𝒘6

𝒘7 𝒘8 𝒘9

1 1

0 1

*

Convolutional Filter
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[Input Data]

𝒘𝟏 𝒘2 𝒘3
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𝒘7 𝒘8 𝒘9

1 1

0 1

1 1
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3 0

6 0

Convolutional Filters[Padding]
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[Input Data]
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[Output Data]

-Transpose convolution, Sub-pixel convolution 모두학습을통해최적weight를찾는방법임-

Convolutional Filters[Padding]
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<Deep Learning Frameworks for Super-Resolution>
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①Pre-upsampling SR ②Post-upsampling SR

③Progressive upsampling SR ④ Iterative up-and-down sampling SR

출처: Wang, Z., Chen, J., & Hoi, S. C. (2020). Deep learning for image super-resolution: A survey. IEEE transactions on pattern analysis and machine intelligence.
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<Network design strategies for image super-resolution>
출처: Wang, Z., Chen, J., & Hoi, S. C. (2020). Deep learning for image super-resolution: A survey. IEEE transactions on pattern analysis and machine intelligence.
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①Residual Learning ②Dense connection
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FC FC

→ Input 정보를 feature 정보에더하면서학습진행 → 이전 feature 정보를모두concatenate 하며학습진행

→ channel 단위의관계정보에집중하며학습을진행
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출처: Wang, X., Girshick, R., Gupta, A., & He, K. (2018). Non-local neural networks. In Proceedings of the IEEE conference on computer vision and pattern recognition (pp. 7794-7803).

http://dmqa.korea.ac.kr/activity/seminar/290



- 40 -Copyright ⓒ 2021,  All rights reserved.

④Local multi-path learning
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→ global한특징과 local한특징을잘추출해학습진행→ Input 정보에서여러개 feature를도출해결합해학습진행



- 41 -Copyright ⓒ 2021,  All rights reserved.

명칭 수식 특징

L1 loss
픽셀별Mean Absolute Error(MAE) 

값과같음

L2 loss
픽셀별Mean Square Error(MSE) 

값과같음

Charbonnier loss
Penalty tern(𝜖)을넣어

Outlier에robust함

Content loss
Image의자세한특징을잘

잡아내기위해제시된Loss임

𝐿𝑝𝑖𝑥𝑒𝑙_𝑙1 መ𝐼, 𝐼 =
1

ℎ𝑤𝑐


𝑖,𝑗,𝑘

| መ𝐼𝑖,𝑗,𝑘 − 𝐼𝑖,𝑗,𝑘|

𝐿𝑝𝑖𝑥𝑒𝑙_𝑙2 መ𝐼, 𝐼 =
1

ℎ𝑤𝑐


𝑖,𝑗,𝑘

( መ𝐼𝑖,𝑗,𝑘 − 𝐼𝑖,𝑗,𝑘)
2

𝐿𝑝𝑖𝑥𝑒𝑙_𝐶ℎ𝑎 መ𝐼, 𝐼 =
1

ℎ𝑤𝑐


𝑖,𝑗,𝑘

( መ𝐼𝑖,𝑗,𝑘 − 𝐼𝑖,𝑗,𝑘)
2+𝜖2

𝐿𝑐𝑜𝑛𝑡𝑒𝑛𝑡 መ𝐼, 𝐼; 𝜙, 𝑙 =
1

ℎ𝑙𝑤𝑙𝑐𝑙𝑤𝑐


𝑖,𝑗,𝑘

(𝜙𝑖,𝑗,𝑘
𝑙
(መI) − 𝜙𝑖,𝑗,𝑘

𝑙
(I))2

𝐼: 𝑡𝑎𝑟𝑔𝑒𝑡 𝐻𝑅 𝑖𝑚𝑎𝑔𝑒
መ𝐼: 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝐻𝑅 𝑖𝑚𝑎𝑔𝑒
ℎ: ℎ𝑒𝑖𝑔ℎ𝑡
𝑤: 𝑤𝑖𝑑𝑡ℎ

𝑐: 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑎𝑛𝑛𝑒𝑙𝑠
𝑖, 𝑗, 𝑘: 𝑝𝑖𝑥𝑒𝑙 𝑖𝑛𝑑𝑒𝑥
𝜖: 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝜙𝑙(𝐼): ℎ𝑖𝑔ℎ−𝑙𝑒𝑣𝑒𝑙 representatiojns on 𝑙−𝑡ℎ 𝑙𝑎𝑦𝑒𝑟
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𝑃𝑆𝑁𝑅 = 10 ∙ 𝑙𝑜𝑔10
MAX𝐼

1
𝑁
σ𝑖=1
𝑁 𝐼 𝑖 − መ𝐼 𝑖

2 = 10 × log10(
𝑀𝐴𝑋𝐼

2

𝑀𝑆𝐸
)

MAX𝑰

𝑴𝑺𝑬 =
1

𝑁


𝑖=1

𝑁

𝐼 𝑖 − መ𝐼 𝑖
2

= 일반적인이미지에서255 값을의미

원본이미지
픽셀값

예측이미지
픽셀값
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→ 실제이미지화질을

확인해봐야함

①

②

출처: https://bskyvision.com/392
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𝑪𝒍 𝑰, 𝑰 =
2𝜇𝐼𝜇 መ𝐼 + 𝐶1

𝜇𝐼
2 + 𝜇 መ𝐼

2 + 𝐶1
𝑪𝒄 𝑰, 𝑰 =

2𝜎𝐼𝜎 መ𝐼 + 𝐶1

𝜎𝐼
2 + 𝜎መ𝐼

2 + 𝐶1

𝐶1=(𝑘1𝐿)
2, 𝐶2=(𝑘2𝐿)

2, 𝑘1, 𝑘2 ≪ 1, 𝐶1, 𝐶2, 𝐶3: 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡,

𝑪𝒔 𝑰, 𝑰 =
𝜎𝐼 መ𝐼 + 𝐶3
𝜎𝐼𝜎 መ𝐼 + 𝐶1

𝜎𝐼𝜎 መ𝐼: 𝑐𝑜𝑣𝑎𝑟𝑖𝑛𝑎𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐼 𝑎𝑛𝑑 መ𝐼

𝐼: 𝑡𝑎𝑟𝑔𝑒𝑡 𝐻𝑅 𝑖𝑚𝑎𝑔𝑒, መ𝐼: 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝐻𝑅 𝑖𝑚𝑎𝑔𝑒

𝑆𝑆𝐼𝑀 𝐼, መ𝐼 = [𝐶𝑙 𝐼, መ𝐼 ]𝛼 [𝐶𝑐 𝐼, መ𝐼 ]𝛽 [𝐶𝑠 𝐼, መ𝐼 ]𝛾

𝛼, 𝛽, 𝛾 = ℎ𝑦𝑝𝑒𝑟𝑝𝑎𝑟𝑚𝑒𝑡𝑒𝑟𝑠

[휘도] [대비] [구조]

출처: https://blog-st.tistory.com/26
**휘도:  얼마나정확한색상을표현하는지
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출처: Wang, Z., Chen, J., & Hoi, S. C. (2020). Deep learning for image super-resolution: A survey. IEEE transactions on pattern analysis and machine intelligence.



3. Image Super-Resolution using Deep 
Convolutional Networks (SRCNN)
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출처: Dong, C., Loy, C. C., He, K., & Tang, X. (2015). Image super-resolution using deep convolutional networks. IEEE transactions on pattern analysis and machine intelligence, 38(2), 295-307.
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출처: Dong, C., Loy, C. C., He, K., & Tang, X. (2015). Image super-resolution using deep convolutional networks. IEEE transactions on pattern analysis and machine intelligence, 38(2), 295-307.

Convolutional
Layer ①

Convolutional
Layer ②

Convolutional
Layer ③
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출처: Dong, C., Loy, C. C., He, K., & Tang, X. (2015). Image super-resolution using deep convolutional networks. IEEE transactions on pattern analysis and machine intelligence, 38(2), 295-307.
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출처: Dong, C., Loy, C. C., He, K., & Tang, X. (2015). Image super-resolution using deep convolutional networks. IEEE transactions on pattern analysis and machine intelligence, 38(2), 295-307.



4. Second-order Attention Network for 
Single Image Super-Resolution (SAN)
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출처: Dai, T., Cai, J., Zhang, Y., Xia, S. T., & Zhang, L. (2019). Second-order attention network for single image super-resolution. In Proceedings of the IEEE conference on computer vision 
and pattern recognition (pp. 11065-11074).
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출처: Dai, T., Cai, J., Zhang, Y., Xia, S. T., & Zhang, L. (2019). Second-order attention network for single image super-resolution. In Proceedings of the IEEE conference on computer vision 
and pattern recognition (pp. 11065-11074).
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Residual Block:입력 feature 정보를 활용하며 학습을 진행

출처: Dai, T., Cai, J., Zhang, Y., Xia, S. T., & Zhang, L. (2019). Second-order attention network for single image super-resolution. In Proceedings of the IEEE conference on computer vision 
and pattern recognition (pp. 11065-11074).
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Channel Attention: Channel간 feature의관계정보를고려해학습

출처: Dai, T., Cai, J., Zhang, Y., Xia, S. T., & Zhang, L. (2019). Second-order attention network for single image super-resolution. In Proceedings of the IEEE conference on computer vision 
and pattern recognition (pp. 11065-11074).
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Non-localblock –feature내pixel간관계정보를고려해학습

출처: Dai, T., Cai, J., Zhang, Y., Xia, S. T., & Zhang, L. (2019). Second-order attention network for single image super-resolution. In Proceedings of the IEEE conference on computer vision 
and pattern recognition (pp. 11065-11074).
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출처: Dai, T., Cai, J., Zhang, Y., Xia, S. T., & Zhang, L. (2019). Second-order attention network for single image super-resolution. In Proceedings of the IEEE conference on computer vision 
and pattern recognition (pp. 11065-11074).
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출처: Dai, T., Cai, J., Zhang, Y., Xia, S. T., & Zhang, L. (2019). Second-order attention network for single image super-resolution. In Proceedings of the IEEE conference on computer vision 
and pattern recognition (pp. 11065-11074).
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출처: Dai, T., Cai, J., Zhang, Y., Xia, S. T., & Zhang, L. (2019). Second-order attention network for single image super-resolution. In Proceedings of the IEEE conference on computer vision 
and pattern recognition (pp. 11065-11074).



5. Conclusion
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