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Abstract

Super-Resolution (SR) is a fundamental computer vision

task that aims to obtain a high-resolution clean image from

the given low-resolution counterpart. This paper reviews

the NTIRE 2021 Challenge on Video Super-Resolution. We

present evaluation results from two competition tracks as

well as the proposed solutions. Track 1 aims to develop

conventional video SR methods focusing on the restoration

quality. Track 2 assumes a more challenging environment

with lower frame rates, casting spatio-temporal SR prob-

lem. In each competition, 247 and 223 participants have

registered, respectively. During the final testing phase, 14

teams competed in each track to achieve state-of-the-art

performance on video SR tasks.

† S. Son (thstkdgus35@snu.ac.kr, Seoul National University), S. Lee, S.

Nah, R. Timofte, K. M. Lee are the NTIRE 2021 challenge organizers,

while the other authors participated in the challenge.

Appendix A contains the authors’ teams and affiliations.
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1. Introduction

With increasing demands for high-quality videos such as

OTT service, live streaming, and personal media, improv-

ing the quality of videos is considered an important com-

puter vision problem these days. Among them, video super-

resolution (VSR) aims to reconstruct a high-resolution (HR)

sequence from the given low-resolution (LR) input frames.

Different from single image super-resolution (SISR), where

input and output images are constrained to a single timestep,

VSR can utilize temporal dynamics to deliver more accu-

rate reconstruction. Recent methods adopt explicit flow es-

timation [6, 56, 63], implicit alignment [20, 58] or atten-

tion [17] to effectively aggregate temporal information dis-

tributed over time.

In NTIRE 2021 Challenge on Video Super-Resolution,

participants are required to develop state-of-the-art VSR

methods on two distinctive tracks. The goal of Track 1 is to

reconstruct 30 HR sequences from given ×4 downsampled

videos from the REDS [37] dataset, similar to the conven-

tional VSR algorithms. In Track 2, the input LR video has a



lower frame rate, i.e., 12fps, than Track 1, which deals with

24fps sequences. The participants are asked to interpolate

the given frames across spatial and time domains jointly,

which is called spatio-temporal super-resolution (STSR).

This challenge is one of the NTIRE 2021 associated

challenges: nonhomogeneous dehazing [2], defocus de-

blurring using dual-pixel [1], depth guided image relight-

ing [12], image deblurring [39], multi-modal aerial view

imagery classification [28], learning the super-resolution

space [33], quality enhancement of heavily compressed

videos [64], video super-resolution, perceptual image qual-

ity assessment [13], burst super-resolution [5], high dy-

namic range [49].

2. Related Works

Video super-resolution. Different from the SISR model,

VSR utilizes neighboring frames in a video to reconstruct

the high-resolution sequence. Since images from differ-

ent timesteps are not aligned in spatial domain, one of the

primary interests of various VSR models is to predict an

accurate alignment between adjacent frames. Early ap-

proaches [6, 56] explicitly deal with the issue by flow es-

timation models in their framework. In TOFlow [63], a

concept of task-oriented flow is proposed which is lighter

and designed to handle various video processing problems.

However, such explicit flow models have several limitations

as LR images may not contain enough information to pre-

dict the accurate flow. Therefore, DUF [20] introduce dy-

namic upsampling module without including explicit mo-

tion compensation in the VSR framework.

As the winner of NTIRE 2019 Video Super-Resolution

and Deblurring Challenges [43, 42, 37], EDVR [58] com-

bines several novel components such as PCD alignment and

TSA fusion to achieve state-of-the-art reconstruction qual-

ity. Recent methods adopt various techniques such as re-

current structure-detail network [16], multi-correspondence

aggregation [25], temporal group attention [17], or tempo-

rally deformable alignement [57]. In Track 1 of NTIRE

2021 Video Super-Resolution Challenge, we promote par-

ticipants to construct effective and novel frameworks for

VSR problem.

Video frame interpolation. Earlier methods are con-

structed on phase-based methods [35, 34], where the tem-

poral change of neighboring frames is represented as shifts

of phase. Recently, most of the frame interpolation methods

consider motion dynamics with neural networks rather than

directly synthesize intermediate frames [32, 9]. Among

them, flow-based approaches are one of the most popular

solutions. DVF [31] and SuperSloMo [19] adopt piece-

wise linear models which estimate optical flow between

two input frames and warp them to the target intermedi-

ate time. The accuracy can be improved by cycle con-

sistency loss [51]. With additional image synthesis mod-

ules, TOF [63], CtxSyn [44], and BMBC [47] improve the

warped frame. IM-Net [48] achieves faster speed by consid-

ering multi-scale block-level horizontal/vertical motions.

Toward more sophisticated motion modeling, several

novel approaches [19, 65, 3, 45], as well as higher-order

representations, are proposed. Quadratic [62, 23] and cu-

bic [8] flows are estimated from multiple input frames. On

the other side, several methods introduce kernel-based mod-

eling [46, 44] to flow-based formulations. DAIN [3] and

MEMC-Net [4] implement adaptive warping by integrat-

ing the kernel and optical flow. AdaCof [22] further unifies

the combined representation in a similar formulation as de-

formable convolution [10]. Using patch recurrency across

spatial and time dimensions, Zuckerman et al. [68] have

constructed a temporal SR model from a single video.

Spatio-temporal super-resolution. A straightforward ap-

proach for STSR problem is to sequentially apply VSR and

frame interpolation to a given video. While this formulation

handles spatial and temporal information separately, earlier

methods [52, 53] have solved the joint problem of STSR

by optimizing very large objective terms. Mudenagudi et

al. [36] adopt graph-cut, and Li et al. [24] utilize group

cuts prior to deal with the problem. Recently, STARnet [15]

has proposed an end-to-end learnable framework for STSR

problem using deep CNNs. Xiang et al. [60] introduce a

deformable ConvLSTM to effectively deal with the highly

ill-posed problem of estimating smoother HR frames from

a given low-frame-rate LR sequence. In Track 2 of NTIRE

2021 Video Super-Resolution Challenge, we encourage par-

ticipants to develop state-of-the-art models for the challeng-

ing STSR task.

3. The Challenge

We have hosted NTIRE 2021 Video Super-Resolution

Challenge to encourage participants to develop state-of-

the-art VSR and STSR methods. Following the previ-

ous NTIRE 2020 Challenge on Video Deblurring [40]

and AIM 2019/2020 Challenge on Video Temporal Super-

Resolution [41, 38], we adopt the REDS [37] dataset to pro-

vide large-scale video frames for training and evaluation.

3.1. REDS Dataset

The REDS [37] dataset contains 24,000, 3,000, and

3,000 HD-quality (1280 × 720) video frames for train-

ing, evaluation, and test, respectively. Each sequence

in the dataset consists of 100 consecutive frames, e.g.,

‘00000000.png’–‘00000099.png,’ that are sampled in 24fps.

From the ground-truth HR examples, we synthesize two

datasets for the following challenge tracks.

Track1: Video Super-Resolution. We synthesize input ×4
LR frames using MATLAB imresize function. In other

words, the conventional bicubic interpolation is used to gen-

erate the LR-HR pairs similar to existing SISR and VSR



Team PSNR↑ SSIM↑ LPIPS↓ Runtime

NTU-SLab 33.36 0.9218 0.1115 7.3

Imagination 32.96 0.9164 0.1247 7.5

model 32.67 0.9121 0.1345 8.7

Noah Hisilicon SR 32.65 0.9116 0.1358 22.6

VUE 32.45 0.9085 0.1425 29.1

NERCMS 32.13 0.9025 0.1491 2.2

Diggers 31.97 0.9008 0.1565 1.2

withdrawn team 31.92 0.9010 0.1464 6.2

MT.Demacia 31.81 0.8914 0.1703 19.3

MiG CLEAR 30.80 0.8774 0.1869 0.2

VCL super resolution 30.66 0.8746 0.1898 0.5

SEU SR 30.58 0.8722 0.1927 2.5

CNN 29.67 0.8477 0.2164 1.4

Darambit 28.65 0.8223 0.2621 13.8

bicubic upsampling 26.48 0.7505 0.4393 -

(a) Track 1. Spatial SR

Team PSNR↑ SSIM↑ LPIPS↓ Runtime

Imagination 27.68 0.7772 0.2703 12.0

VUE 27.39 0.7681 0.3230 20.2

TheLastWaltz 27.01 0.7680 0.2777 2.1

sVSRFI 26.92 0.7590 0.3231 5.2

T955 26.81 0.7617 0.2959 6.9

BOE-IOT-AIBD 26.59 0.7570 0.2683 3.3

NaiveVSR 26.46 0.7504 0.2967 2.8

VIDAR 26.32 0.7613 0.3186 0.3

DeepBlueAI 26.06 0.7413 0.3312 2.7

Team Horizon 25.77 0.7341 0.3282 0.3

MiGMaster XDU 25.75 0.7335 0.3367 2.0

superbeam 25.61 0.7259 0.2893 2.2

CNN 25.58 0.7284 0.3242 1.3

DSST 24.92 0.7052 0.3813 2.5

upsample & overlay 23.11 0.6393 0.4978 -

(b) Track 2. Spatio-Temporal SR

Table 1: NTIRE 2021 Video Super-Resolution Challenge results measured on the REDS [37] test dataset. Teams are

ordered by ranks in terms of PSNR(dB). The running time is the average test time (sec) taken to generate a single output image

in reproduction process using 1 Quadro RTX 8000 GPU with 48GB VRAM. We note that the reported timing includes I/O

and initialization overhead due to the difficulty in measuring pure model inference time by modifying each implementation.

methods [26, 58]. The goal of Track 1 is to reconstruct the

ground-truth (GT) HR videos from the LR sequences.

Track2: Video Spatio-Temporal Super-Resolution.

From LR videos in Track 1, we remove odd-numbered

frames, e.g., ‘00000001.png,’ ‘00000003.png,’ and so on,

to formulate the STSR problem. Therefore, the input se-

quences have ×2 lower frame rate (12fps) than the original

videos. The goal of Track 2 is to perform STSR and re-

construct GT 24fps videos from the LR inputs. Since the

dataset for Track 2 is a subset of Track 1, all participants are

requested not to use the odd-numbered frames from Track

1 when training their Track 2 methods.

3.2. Metric and Evaluation

We adopt two standard metrics to evaluate the submitted

methods: PSNR and SSIM [59]. Teams are sorted by the

PSNR scores to determine the winner. For reference, we

also provide the LPIPS [66] score to quantitatively measure

the perceptual quality of result images. The score is a type

of distance function between reconstructed and GT frames

defined on learned feature space. We note that the LPIPS

score is not considered for final ranking, but results with

lower LPIPS tend to show better visual quality.

4. Challenge Results

In the NTIRE 2021 Image Super-Resolution Challenge,

each track has 247 and 223 registered participants, respec-

tively. During the final testing phase, 14 teams have sub-

mitted their solutions both for Track 1 and 2. All teams are

required to include full test frames, reproducible code, and

corresponding fact sheets. Table 1 demonstrates the result

of the challenge sorted by PSNR values. To compare effi-

ciency of the submitted solutions, we also measure runtime

of each methods by executing the attached source code un-

der the same environment.

4.1. Challenge winners

In Track 1: Video Super-Resolution, NTU-SLab team

got the first place with BasicVSR++ architecture. The ma-

jor advance of BasicVSR++ from the baseline BasicVSR

is a novel second-order grid propagation strategy. Please

check Section 5.1 for more detail.

In Track 2: Video Spatio-Temporal Super-Reoslution,

Imagination team got the first place with a combination

of Local to Context Video Super-Resolution (LCVR) and

Multi-scale Quadratic Video Interpolation (MQVI). Specif-

ically, the multi-scale interpolation method is used to refine

the odd frames that are not provided as inputs. Please refer

to Section 5.2 for more explanation.

4.2. Visual comparison

In this section, we provide a visual comparison between

top-ranked teams. Figure 1 shows super-resolved outputs

from an input LR REDS image. Figure 2 illustrates HR in-

terpolated frames from several methods, where only neigh-

boring LR frames are given to the STSR models.



(a) Input (b) (c) (d) (e) (f) (g) GT

Figure 1: Comparison between top-ranked results in Track 1. (b) NTU-SLab team. (c) Imagination team. (d) model

team. (e) Noah Hisilicon SR team. (f) VUE team. Patches are cropped from REDS (test) ‘006/00000097.png’ and

‘008/00000099.png,’ respectively.

(a) Input (b) (c) (d) (e) (f) (g) GT

Figure 2: Comparison between top-ranked results in Track 2. (b) Imagination team. (c) VUE team. (d) TheLastWaltz

team. (e) sVSRFI team. (f) T955 team. We note that the inputs are provided for timesteps t − 1 and t + 1 only, while the

output frame corresponds to the timestep t. For simplicity, we only visualize the input at t − 1. Patches are cropped from

REDS (test) ‘006/00000001.png’ and ‘013/00000009.png,’ respectively.

5. Challenge Methods and Teams

In this section, we describe the submitted solution and

details based on the challenge fact sheets.

5.1. NTU­SLab
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⊕
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>

↑
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

↑
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

Grid Propagation

Second-Order Propagation

↑
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

⊕
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>

Bilinear Upsampling

Elementwise Addition

Residual Blocks

Pixel-Shuffle

Flow-Guided

Deformable 

Alignment

xi
<latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit><latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit><latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit><latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit>

xi−1
<latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit><latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit><latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit><latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit>

xi−2
<latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit><latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit><latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit><latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit>

f
j

i−1
<latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit><latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit><latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit><latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit>

f
j−1

i
<latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit><latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit><latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit><latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit>

f
j

i−2
<latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit><latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit><latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit><latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit>

f̂
j

i
<latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit><latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit><latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit><latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit>

f
j

i
<latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit>

f
j

i
<latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit>

xi−3
<latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit><latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit><latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit><latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit>

gi
<latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit>

f
j−1

i
<latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit><latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit><latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit><latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit>

f
j

i
<latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit><latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit><latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit><latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit>
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Figure 3: NTU-SLab team (Track 1). BasicVSR++

NTU-SLab team proposes BasicVSR++ framework

which is an enhanced version of BasicVSR [7]. Follow-

ing the same basic methodology as BasicVSR, the propa-

gation and alignment methods are modified by introducing

second-order grid propagation and flow-guided deformable

alignment. Figure 3 shows the overall architecture of Ba-

sicVSR++. The feature sequences are extracted from the

image using residual blocks, and they are propagated un-

der the second-order grid propagation scheme. Inside the

propagation block, the flow-guided deformable alignment

module is added for better performance.

To overcome the limit that the features can be propagated

only once in BasicVSR, the second-order grid propagtaion

scheme enables the features to be refined multiple times.

Through the multiple bidirectional propagation layers, the

features of different time steps are revisited to make each

feature include more useful information. The second-order

connection (red dotted lines in Figure 3), the information is

more aggregated from different spatio-temporal locations.



LR
feature

previous
feature

warping

warped

feature

optical
flow

⊕
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>

Conv 𝐶!

residual
offsets

DCN
offsetsDCN block

f̄i
<latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit>

gi
<latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit>

f̂i
<latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit>

C

Conv 𝐶"

DCN
masks

mi→i−1
<latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit>

oi→i−1
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Figure 4: The flow-guided deformable alignment module

from NTU-SLab Team.

Flow-guided deformable alignment uses deformable

convolution instead of flow-based alignment. Deformable

convolution shows better performance than flow-based

alignment as deformable convolution has offset diversity.

They use optical flow to alleviate the training instability

of deformable convolution. The architecture of the flow-

guided deformable alignment is shown in Figure 4.

5.2. Imagination team

Imagination team proposes a Local to Context Video

Super-Resolution, LCVR in short, to conduct video super-

resolution, and combined it with Multi-scale Quadratic

Video Interpolation, MQVI, to conduct video spatial-

temporal super-resolution.

LCVR framework consists of three modules: local net

module, context net module, and upsample module. The

EDVR network [58] with channel attention is used for the

local net module. The local feature and the super-resolved

frame are generated from the local net module. The context

net module is composed of backward and forward branch

and its output is converted to the frame residual by passing

through the upsample module. The final SR result is made

by summing the SR frame output of the local net module

and the frame residual estimated by the context net mod-

ule and the upsample module. The additional self-ensemble

strategy is used to boost the performance by 0.2 dB. The

overview of LCVR framework is shown in (a) of Figure 5.

In the video spatio-temporal super-resolution track, the

MQVI module is attached after the LCVR module. At first,

the HR-size images of even frame indices are generated by

the LCVR module and the odd frames are interpolated using

MQVI module. They adopt Quadratic frame interpolation

since it can handle more complex motion than linear frame

interpolation. In addition, the multi-scale structure applied
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Figure 5: Imagination team (Track 1 & 2). Local to

Context (Multi-level Quadratic model for) Video Super-

Resolution

to refine the feature in coarse-to-fine manner. The MQVI

and overall structure is illustrated in (b) of Figure 5.

5.3. model

model team suggests a framework combining flow align-

ment module, bidirectional encoding module and adap-

tive upsampling module. They use flow estimation from

SpyNet [50] to warp features. The concatenated and warped

features are put into bidirectional encoding layers, loading

some useful context information from other timesteps. Fi-

nally the adaptive upsampling module reconstructs the final

output using routing block. Routing block plays role as the

spatial attention of the feature. In Figure 6, the overview

of the model is shown in (A), and the adaptive upsampling

module is shown in (B), (C).

5.4. Noah Hisilicon SR

Noah Hisilicon SR team proposes LGFFN, Local and

Global Feature Fusion Network. Based on BasicVSR

framework, they improve it in two aspects. First, they com-

bine the global propagation feature and local propagation

feature. Second, they incorporate unsupervised learning

scheme into flow estimation module for better performance.

Figure 7 describes the feature fusion architecture of pro-

posed framework. The blue and the red box indicates the



Figure 6: model team (Track 1). Flow-Alignment + Bi-

directional Encoding + Adaptive Up-sampling

forward and the backward propagation, respectively. While

the two blocks imply the global propagation, the local prop-

agation feature extractor estimates the local feature. The

two features are combined by local and global fusion block

for better reconstruction performance.

There is also an improvement in flow estimation mod-

ule. Since the previous SR methods bring flow estimation

module which is trained using synthesized flow dataset, the

pretrained module usually suffers from the discrepancy be-

tween the synthesized flow dataset and REDS dataset. To

resolve the issue, they adopt the unsupervised scheme like

to train the flow estimation module in REDS dataset di-

rectly. The two images in 3 adjacent frames are put into

the network and warped to each other using the estimated

optical flow. To be specific, given the two image I1, I2,

the network estimates the forward and the backward flow

U12, U21 and the estimated warped frame is generated as

Î1(p) = I2(p + U12(p)), where p is a pixel of the image.

Then the model is trained using the distance between the

original image and the warped image from the other frame.

5.5. VUE

VUE team proposes two-stage algorithms in both tracks

as shown in Figure 8. In track 1, BasicVSR [7] model is

used in both stages, and the output of the first stage is fed

into the second stage. The coarse super-resolved images are

generated at first, and they are refined by passing through

the second network. In both stages, the self-ensemble strat-

egy is used for better performance.

In track 2, the two stages are run in parallel and the sec-

Figure 7: Noah Hisilicon SR team (Track 1). Local and

Global Feature Fusion Network

ond stage is replaced with Zooming Slow-mo [60] model.

The BasicVSR model estimates the super-resolved output

of even frames, and Zooming Slow-mo model estimates the

super-resolved output of odd frames. Self-ensemble is also

applied to both stages for higher PSNR.

BasicVSR architecture. 

BasicVSR

Self-

ensemble

BasicVSR

Stage-1 Stage-2
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(a) Track 1

BasicVSR architecture. 
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Spatial super-resolution Frame interpolation
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(b) Track 2

Figure 8: VUE team (Track 1 & 2). Two-Stage BasicVSR

framework

5.6. NERCMS

NERCMS team proposes omniscient video super-

resolution network (OVSR), which is composed of two sub-



networks: precursor network and successor network. The

precursor network scans the LR input frames and generate

SR frames and hidden states of all time steps, and the suc-

cessor network refines the SR frames using the two outputs

of precursor network. They use progressive fusion residual

blocks to build both networks.

5.7. Diggers

Diggers team reproduces BasicVSR [7] network as

shown in Figure 9.

Figure 9: Diggers team (Track 1). basicVSR

5.8. MT.Demacia

The proposed framework consists of two stages. At the

first stage, the context information of temporally adjacent

frames are aggregated using the PCD and TSA module pro-

posed in EDVR [58]. In order to explore the useful in-

formation and remove the redundant information, the non-

local block is added to each frame, separately. Finally, the

stacked channel-attention residual block is applied for the

reconstruction. The second stage is image SR stage, and

the details of the image is added from the output of the first

stage.

5.9. MiG CLEAR

MiG CLEAR team improves EDVR [58] architecture in

two ways. They adopt self-calibrated convolution at the

PCD module of EDVR network. The self-calibrated con-

volution can help estimating the offset better in deformable

convolution. There is also an improvement in TSA mod-

ule. They replace TSA module to the integration of Tempo-

ral Group Attention (TGA) module and channel attention.

Since REDS dataset has large movements, computing the

correlation of each time step might not be accurate. The

group attention module before computing the temporal at-

tention can alleviate the issue. Finally, the channel attention

enable the model to achieve better performance.

5.10. VCL super resolution

The framework proposed by VCL super resolution team

is similar to RBPN [14] has two processes: motion com-

pensation and super-resolution. Using the characteristic of

video super-resolution task, motion compensation process

Figure 10: VCL super resolution team (Track 1). Quan-

tized Warping and Residual Temporal Integration for Video

Super-Resolution on Fast Motions

is a warping from the neighbor frame to the current frame

using integer interpolation. The fractional part of the dis-

placement is not applied in warping, but it is provided to

the next stage as input. After the compensation of features,

super-resolution is applied to make HR-size outputs. The

target image is generated by adding the extra information

from neighbor frames using the back-projection process.

The shallow feature which is extracted from the LR input

data is fed into the back-projection module. After aggre-

gating the information from other time steps in the module,

the output at each cell is passed to the reconstruction mod-

ule, and the super-resolved output is estimated. The super-

resolution process is shown in Figure 10.

5.11. SEU SR

SEU SR team applies RBPN [14] network to REDS

dataset, and the architecture is depicted in Figure 11. Using

the input image and the flow maps from the other time steps,

the projection module aggregates the information from dif-

ferent time steps. The outputs of projection modules are

put through the layers to generate the HR-size image at the

current time step.

Figure 11: SEU SR team (Track 1). Recurrent Back-

Projection Network

5.12. CNN

CNN team applies STARNet [15] model to REDS

dataset in both tracks. The top image of Figure 12 is the

architecture used in track 1 and the bottom corresponds to

track 2.



(a) Track 1

(b) Track 2

Figure 12: CNN team (Track 1 & 2). Space-Time-Aware

Multi-Resolution Video Enhancement

5.13. Darambit

Figure 13: Darambit team (Track 1). Multi-frame Feature

Combination Network for Video Super-Resolution

Darambit team proposes U-net like architecture to esti-

mate the target image. Five consecutive frames are put into

the network, and the frames at the center are concatenated

to make the local features, and the features are propagated

through the network to generate the final output. The whole

process is shown in Figure 13.

5.14. TheLastWaltz
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Figure 14: TheLastWaltz team (Track 2). Separated

framework for spatio-temporal super-resolution

TheLastWaltz team divide the video super-resolution

task into three parts: video frame interpolation (VFI), nor-

mal frame super-resolution (Normal-VSR), and interpo-

lated frame super-resolution (InterpSR). The As and Bs

in Figure 14 (a) are the frames arranged in following or-

der: A0, B0, A1, B1, ..., An, Bn. The A frames are given

even frames and Bs are frames to be interpolated. After

LR-size odd frames are interpolated, the interpSR model

estimates the super-resolved version of B, SR B. When

super-resolving the odd frames, four neighbor even frames

are used to provide relevant information. In other words,

Ai−2, Ai−1, Ai+1, Ai+2 are used when making Bi. They

use quadratic video interpolation technique [62] for the in-

terpolation module. Then, the interpolated frame and the

inputs used for the interpolation are put into the interpSR

model, generating the super-resolved of Bi.

The super-resolution of odd frames, denoted as normal

VSR, is composed of two stages. Similar to the two-stage

training technique mentioned in EDVR [58], the architec-



ture of the second stage is modified. Instead of directly add

the concatenated input to the final summation, the input is

processed by passing through two CNN layers. The author

argues that the input of the normal-VSR stage 2 is the output

of the normal-VSR stage 1, which is sufficiently optimized

by training the stage 1 model. Thus, directly put the out-

put to the network makes the optimization difficult, and the

CNN layers can alleviate the problem. The modified archi-

tecture of the normal-VSR stage 2 is illustrated in (b) of

Figure 14.

5.15. sVSRFI

sVSRFI team proposes a framework, which is a combi-

nation of video super-resolution and video frame interpola-

tion. Contrary to the previous team, the super-resolution is

executed before the frame interpolation. BasicVSR model

is used for super-resolving LR inputs. They propose the

bidirectional warping method for video frame interpolation.

Using the edge map, optical flow and contextual features are

warped and the synthesis network generates the interpolated

frames. The video frame interpolation architecture is shown

in Figure 15.
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Figure 15: sVSRFI team (Track 2). A two-stage method

for video spatio-temporal super-resoution

5.16. T955

T955 team proposes a combination of FLAVR [21] and

BasicVSR [7]. The odd frames are estimated by FLAVR,

and the whole sequence is super-resolved by BasicVSR.

Figure 16 describes the overall procedure.

Figure 16: T955 team (Track 2). BasicVSR after FLAVR

5.17. BOE­IOT­AIBD

The framework of BOE-IOT-AIBD team consists of

two stages, video super-resolution and temporal super-

resolution network. They adopt EDVR [58] as the video

super-resolution and Multi Scale Quadratic Interpolation

(MSQI) [54] approach as temporal super-resolution net-

work The illustration of two networks is shown in Figure 17.

Figure 17: BOE-IOT-AIBD team (Track 2). Two-Stage

Video Spatial & Temporal Super-Resolution Algorithm

5.18. NaiveVSR
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Figure 18: NaiveVSR team (Track 2). Quadratic Space-

Time Video Super-Resolution

NaiveVSR team proposes the network which executes

the video frame interpolation first, followed by the video

super-resolution. Figure 18 shows the overview of their

method. I0 − I3 is four consecutive images among the

given even frame low-resolution inputs and the interpolated

time step, t, is set to 1.5 in this work. They use Enhanced

Quadratic video interpolation model [30] for interpolation,

but they remove residual contextual synthesis module in

their method since the following super-resolution network

can restore the detail of the interpolated image. Using the

5 low-resolution images, I0, I1, It, I2, I3, the video-super

resolution network generates the HR-size images of two

frame indices (It, I2). First they warp the other frames to

It, I2, respectively, and the concatenated aligned inputs are

put into the network. They adopt TSA fusion module of



EDVR [58] to obtain the feature at frame t, 2. The features

are put through the reconstruction module and the refine-

ment module. Before the refinement module, the two fea-

tures are aligned and the aligned features are fed into the re-

finement module. Finally, they upsample the feature to get

the super-resolved images. The overall process is shown in

Figure 18.

5.19. VIDAR

VIDAR team proposes a three-stage network, one for

joint video super-resolution and interpolation and two for

optimizing and refining the outputs. The overall structure

is shown in Figure 19 (a). I1, I3, I5 and I7 are the in-

put frames. Îi
s1

, Îi
s2

and Îi
s3

(i ∈ [1, 7]) are the output
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(b) Detailed structure of temporal-aware feature extractor

(TAFE)

Figure 19: VIDAR team (Track 2). Enhanced Tempo-

ral Alignment and Interpolation Network for Space-Time

Video Super-Resolution

frames from stage 1, stage 2 and stage 3, respectively. The

core components of the network are the temporal-aware fea-

ture extractor (TAFE) and the temporal-aware feature fusion

(TAFF) module. Figure 19 (b) shows the detailed structure

of TAFE. The only difference between TAFE and TAFF is

the number of inputs: 4 are put into TAFE and 7 are put

into TAFF. To better exploit the temporal information, they

adopt the temporal profile loss proposed in [61]. In stage

1, they use 8 TAFEs, 3 TAFFs and 12 residual channel at-

tention blocks [67]. They use 10 TAFFs and 30 enhanced

residual channel attention asymmetric blocks [29] in stage

2, and 30 residual channel attention blocks in stage 3.

5.20. DeepBlueAI

DeepBlueAI team proposes the model ensemble strat-

egy. There are three models to be ensembled: PCA + up-

sample, PCA + EDVR [58], NoFlow + EDVR. PCA, which

stands for pyramid correlation alignment, plays roles for

the feature alignment and it is used for the frame interpola-

tion. Figure 20 describes the PCA module. First, the multi-

level features are extracted from an image using CNN lay-

ers. Multi patch correlation (MPC) layer, which consists of

patch correlation layer and convolution layer, calculates the

offsets and the grid sampling layer uses the offset to warp

the image, similar to spatial transformer network [18]. Af-

ter the interpolation is done, they use EDVR network for the

video super-resolution. This method corresponds to PCA +

EDVR model. PCA + upsample model does not use EDVR,

but they consider upsampled the output of PCA the final re-

sult. NoFlow + EDVR substitutes PCA module to the sim-

ple convolution layers to get the inerpolated result.

Figure 20: DeepBlueAI team (Track 2). Pyramid

Correlation Alignment for Video Spatio-Temporal Super-

Resolution

5.21. Team Horizon

Team Horizon proposes efficient space-time super-

resolution using flow upsampling method. Given the 4

consecutive LR frames, they use quadratic frame interpo-

lation [62] model to get the center odd frame image as well



as the flow maps and the blending mask. Also, they adopt

RSDN network [17] for video super-resolution. Note that,

they apply RSDN to the even frames only. For estimating

the HR-size odd frames, they use the output of quadratic

video interpolation. The upsampled flowmaps, upsampled

blending mask and super-resolved even frames are used to

make the HR images of odd frame indices. The whole pro-

cess is illustrated in Figure 21. More details could be found

in [11].

Figure 21: Team Horizon (Track 2). Efficient Space-time

Super-Resolution using Flow Upsampling

5.22. MiGMaster XDU

MiGMaster XDU team proposes multi-stage deformable

spatio-temporal video super-resolution framework. The

main contribution comes from the temporal deformable

alignment (TDA) module. They expand the PCD, TSA

modules of EDVR with the recurrent neural network. By

using bidirectional PCD, TSA modules, the features of

neighbor frames can be aligned to any time steps, not only

to the center frame index. They use two bidirectional PCD

modules to achieve coarse-to-fine temporal feature align-

ment. After the alignment, the outputs of TDA module

are sent to CAIN [9] model, and they use bidirectional de-

formable convLSTM [60] for feature aggregation. Finally

MSCU [27] network is adopted for video super-resoltuion.

The whole process is shown in Figure 22.

0

LR
I

1

LR
I

2

LR
I

HR

t
I

Temporal

Deformable

Alignment

Bidirectional

Deformable 

ConvLSTM

MSCU

Bicubic Upsampling

CAIN

0

LR
F

LR

t
F

1

LR
F

1

LR

t
F +

2

LR
F

0

HR
I

1

HR
I

1

HR

t
I +

2

HR
I

Feature

Extraction

Bidirectional

PCD1

Bidirectional

PCD2

Bidirectional

TSA

Temporal Deformable Alignment, i∈{0, 1}

Feature

Extraction

Bidirectional

PCD1

Bidirectional

PCD2

Bidirectional

TSA

Temporal Deformable Alignment, i∈{0, 1}

LR

i
I

1

LR

i
I + 1

LR

i
F +

LR

i
F

Figure 22: MiGMaster XDU team (Track 2). Multi-Stage

Deformable Spatio-Temporal Video Super-Resolution

5.23. superbeam

superbeam team proposes a framework including flow

refinement, max-min warping and max-min select. The

given frames are put into RCAN [67] for super-resolution.

The flow maps are estimated using PWCNet [55] and re-

fined by U-net architecture. At warping stage, they apply

max-min warping for overlapped regions. The max warp-

ing means the value of the strongest motion is applied to the

overlapped pixels, and the min warping means the value of

the weakest motion is applied. Finally the densenet struc-

ture, max-min selection is conducted and the final output is

generated. The procedure is illustrated in Figure 23

Figure 23: superbeam team (Track 2). Video Interpola-

tion Using Deep Motion Selection Network / min-max se-

lect net

5.24. DSST

DSST team proposes the fusion network of two frame-

works. The both frameworks consist of video frame interpo-

lation and video super-resolution, but one of them processes

interpolation first and the other processes super-resolution

first. They adopt enhanced quadratic video interpolation

model [30] for the frame interpolation. The architecture of

the super-resolution network is similar to EDVR [58], but

the PCD module is replaced with flow align module. The

flow map outputs of the frame interpolation is refined by the

flow refinement network and the images are aligned using

the flow information. The fusion module combines the two

results to achieve higher performance. Given the two im-

ages of two network streams, they generate the mask map

and the final output is generated by the weighted sum of the

two images. The whole process is depicted in Figure 24.

Figure 24: DSST team (Track 2). Dual-Stream Spatio-

Temporal Video Enhancement Network
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