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Video Super Resolution

• Super Resolution

▪ SISR

▪ MISR

• VideoSuper Resolution

▪ BasicVSR: The Search for Essential Components in Video Super-Resolution and 

Beyond (CVPR 2021)

▪ BasicVSR++: Improving Video Super-Resolution with Enhanced Propagation 

and Alignment(CVPR 2022)
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Video Super Resolution

• 저해상도(LR) 이미지를고해상도(HR) 이미지로변환시키는 task

▪ SISR(Single Image Super-Resolution)

▪ MISR(Multi-Image Super-Resolution)

−Video Super Resolution

҉ 단일이미지 SR과달리저화질의 Sequential 한 frame을고화질로복원

҉ 주변 frame의정보를이용하여 SISR보다높은복원성능
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• Abstract

▪ VSR이 Sequential 정보를이용하기때문에네트워크구조가복잡해지는문제

▪ 복잡한기존방식을최소한으로재설계하여복잡성, 성능개선

− VSR의 propagation, alignment, fusion, up-sampling의구성요소에서 propagation과
alignment요소를개선

BasicVSR (CVPR 2021)
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• Local Propagation

▪ Sliding window방식으로, 복원을위해 local 정보만을사용

▪ 접근가능한정보가 Local에서제한됨

• Unidirectional Propagation

▪ 첫번째 frame에서마지막 frame까지순차적으로 Propagation

▪ 첫번째 frame은자신만사용, 마지막 frame은모든 frame의정보사용

• Bidirectional Propagation

▪ 양방향으로 Propagation을진행

▪ 위의두방식에서의문제점을모두해결

BasicVSR: Propagation
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• Local vs Global propagation

▪ Frame들을 N개의 segment로나눠실험

−N Segment별로 Global propagation

҉ Local propagation은 segment가없음

−N = 1 일경우의 PSNR을기준으로비교

• Unidirectinal vs Bidirectinal propagation

▪ Bidirection propagation의결과를기준으로비교

−Unidirection에서는하위 index의 frame은정보부족으로성능이낮음

−상위 index에서는모든 frame의정보를받음

҉ 평균적으로 Bidirection이좋음

BasicVSR: Propagation
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• Without Alignment

▪ Alignment가되지않은 image/feature는 information 집계가어렵고성능이떨어짐

• Image Alignment

▪ 복원을하기전에 optical flow를계산하고, 이미지를 warping함

▪ Feature level에서 alignment를수행하는것보다성능이좋지않음

• Feature Alignment

▪ 두프레임간의 optical flow를계산하여이를 offset으로 feature level에서 warping을수행하여
정렬

▪ Image alignment 보다 alignment error가적음

▪ Without Alignment보다 1.19dB, Image Alignment보다 0.17dB의성능향상

BasicVSR: Alignment
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• Bidirectional Propagation & Feature Alignment

▪ 𝑆: 𝑥𝑖와 𝑥𝑖±간의 optical flow estimation

▪ 𝑊: 이전 frame feature를현재 frame에맞게 alignment

▪ R: aligned feature와현재 frame을 concatenation하여 residual block 통과

BasicVSR
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• Information Refill

▪ Long term propagation을채택한모델에서정확하지않은정렬은 error를축적하는문제

▪ {𝑥𝑖−1, 𝑥𝑖 , 𝑥𝑖+1}를 feature extractor E를통과시켜 aligned feature와융합하여정보를 refill함

▪ Refill 된정보로 refine된 feature를사용하여정밀도를올림

IconVSR(Information-refill and Coupled propagation)
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• Coupled Propagation

▪ Backward 와 forward가상호연결되는 coupled propagation을제안

▪ Backward propagation에서나온 feature를 forward pass에추가

▪ Forward pass에서이전과미래프레임의정보를모두수신

IconVSR(Information-refill and Coupled propagation)
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BasicVSR: Results
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• Abstract

▪ Second-order Grid Propagation과 Flow-Guided Deformable Alignment를이용하여 BasicVSR의
Propagation과 Alignment를강화함

BasicVSR++ (CVPR2022)
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• Grid Connection

▪ Object detection, segmentation, frame interpolation등과같은모델에서사용

▪ 일반적으로 Multi-scale로나뉘어진행됨

▪ 양방향으로시간에따른정보를취합하기위해채택

•

• Higher-Order Propagation

▪ Temporal gradient flow 개선을위해 language model에서사용

▪ 시간적 Alignment가중요한 VSR에서사용되지않음

1) Softmax Splatting for Video Frame Interpolation(cvpr2020)

BasicVSR++: Second-Order Grid Propagation

(1)



14

• Second-Order Grid Propagation

▪ Grid Propagation은 video sequence의정보를취합하는데적합함

▪ 기존의Bidirectional Propagation의성능을향상시키기위해 Grid Propagation 적용

▪ Forward, Backward를번갈아가며배치하여양방향의정보를얻음

▪ 2차 Connection을추가하여서로다른시공간의정보수집

BasicVSR++: Second-Order Grid Propagation
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• Flow based alignment

▪ SPyNet or PWCNet을이용하여두 frame 간의 optical flow 추출

▪ Optical flow를 offset으로 frame 𝑥𝑖±1을 𝑥𝑖에맞게 warping하여 alignment

• Deformable alignment

▪ Deformable Convolution을이용한 Alignment

▪ 두 frame을 Concatenation 하여 Conv를통과시킨 offset을이용해 Deformable convolution 진행

1) Understanding Deformable Alignment in Video Super-Resolution(AAAI 2021)

2) TDAN: Temporally-Deformable Alignment Network for Video Super-Resolution(CVPR 2020)

BasicVSR++: Flow-Guided Deformable Alignment

(1) (2)
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• Deformable Alignment

▪ DCN offset이 Optical Flow와같은역할을함

▪ Offset diversity와, 학습할수있다는점으로 Flow base로한방식보다정교한성능

▪ 하지만 Deformable alignment는훈련과정에서 offset overflow 발생하는불안정성이있음

1) Understanding Deformable Alignment in Video Super-Resolution(AAAI 2021)

BasicVSR++: Flow-Guided Deformable Alignment

(1)



17

• Flow-Guided Deformable Alignment

▪ Flow base로사전정렬하여 offset 학습을지원

▪ Optical flow를더하여 Residual offset만학습하도록하여안정적인학습가능

▪ Deformable alignment의 offset diversity를유지하고, instability를해결

BasicVSR++: Flow-Guided Deformable Alignment
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• Ablation studies

BasicVSR++:Ablation studies
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BasicVSR++: Results
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