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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

« X5fet =(LR) O| 0| X| & 125}{&f =(HR) O|0| X[ 2 BH2tA|F| = task

- SISR(Single Image Super-Resolution)

(a) BasicVSR architecture

-Video Super Resolution
;+ BF Ol 0| X| SRt &2l X2t 2| Sequential B frame= 12t EE S &
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BasicVSR (CVPR 2021)
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(a) BasicVSR architecture (b) Forward and backward propagation branches

» Abstract
- VSRO| Sequential 2 & O|&5}7| 20| HER R +x27F SE&GIX| = X
2L 7| E HA 2 XASIO 2 YA H 5o BRI Ms T M

- VSRE| propagation, alignment, fusion, up-sampling2| - 2 2~ 0f| A| propagation2}
alignment@ A~ 5 71 M
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BasicVSR: Propagation

* Local Propagation

- Sliding window2t Al 2 2 S 2 2|5l local EETHZ At

-l 2 7tsst ME I} LocalOf| A K| BHE!
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 Unidirectional Propagation
- A I frameOll A OFX| 2 frame77HX| =X} © 2 Propagation

- AW frame= AHAI T AFE, OFX[ 2 frame2 E & framel| HE ALE

« Bidirectional Propagation
Y22 2 Propagations T

"OoOo o
AOMe EXHEE 25 ol Z

o £ 4

?
" T

b b
hi = Fy(zi, Tiv1, hiyq),

(1)
hzf = Ff(mzy Ti—1, hzf—l)a

A szuta
6 SOGANG UNIVERSITY 5

VDS

-
>
o



BasicVSR: Propagation
* Local vs Global propagation
N7H2| segmentZ LHE AH

-N Segmentt':I = Global propagation

- FrameS 2

PSNR (dB)

' Local propagation= segment’} 9i=

~N=1LZ429 PSNRE 7|ZC 2 H|

 Unidirectinal vs Bidirectinal propagation

- Bidirection propagation2| 21tE 7|E2 2 H| W

- UnidirectionO| A= S}2] index2| frame2 HE &
- A2 indexH M= 2= framel| BEHE B E
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BasicVSR: Alignment

« Without Alignment

- Alignment”} Z|X| @2 image/feature= information T A7t &1 50| HO{ &
* Image Alignment

- 2218 817| Mo optical flowS A Atdt1, 0|0 X|Z warping&t

- Feature levelO| A alignmentE +=d5t= A 2Lt d50] EEX| 2
* Feature Alignment

- & T Q 7+O] optical flowE Al At O| £ offset2 2 feature level Ol Al warpingS =850
x4 24
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- Image alignment & C} alignment error? & &
- Without Alignment2. C} 1.19dB, Image Alignment=2Ct 0.17dB2| M& That
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BasicVSR

« Bidirectional Propagation & Feature Alignment

7% SR
s ) R b
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'* Rf H_rf ;)_:r Rb it { f} S(wﬁﬂxlil)
N RN
v }, hz{b’f}:W(hi’f} {b, f}) (2)
h;-{b’f} — R{b,f} (Iia h;-[b’f}),

(b) Forward and backward propagation branches

- S: x;2F x; . 7+2| optical flow estimation
- W: O|7H frame featureE 2 Xl frameO S| alignment

- R: aligned feature2t ¢4 Xl frame= concatenationS}t0q residual block -1t
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IconVSR(Information-refill and Coupled propagation)

e Information Refill

S
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(a) Information-Refill .
(a) Information-Refill

Before
refill

After
refill

- Long term propagation= A Eior B RO M H=2SX| U2 HHE2 errorE Z5 5= 24X
- {x;_1,%;, x;11}= feature extractor EE &1t A|7 aligned feature@t 85t HEE refillg!
- Refill =l HE 2 refine=! featureE AFESHY ML E 2 &
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IconVSRInformation-refill and Coupled propagation)
» Coupled Propagation
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h? = Fy(xi, ziq1, bl ),

h = Fy(zi,@i1,hl, b)), ©)

v = U(h]).

- Backward 2t forward”7| &= A Z &|= coupled propagation= A| ¢t
- Backward propagationOf| A L= featureE forward passOfl =7}
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BasicVSR: Results

Framc 075, Clip 020

Bicubic/25.52 dB

PFNL/28.59 dB

RBPN/28.97 dB

EDVR-M/29.79 dB

EDVR/30.21dB BasicVSR/30.68 dB IconVSR/30.80 dB

BI degradation BD degradation 05
Params (M) | Runtime (ms) || REDS4 [23] [ Vimeo-90K-T [23]| Vid4 [21] ||UDMIO [34] | Vimeo-90K-T [23]| Vid4 [21]
Bicubic - - 26.14/0.7292|  31.32/0.8684  |23.78/0.6347 | 28.47/0.8253 31.30/0.8687 | 21.80/0.5246 40.0
VESPCN [1] - - - - 25.35/0.7557 - - - 35
SPMC [29] - - - - 25.88/0.7752 - - - %
TOFlow [37] - - 27.98/0.7990| 33.08/0.9054 |25.89/0.7651|36.26/0.9438| 34.62/0.9212 - P
FRVSR [27] 5.1 137 - - - 37.09/0.9522| 35.64/0.9319 |26.69/0.8103 Z s
DUF [16] 58 974 28.63/0.8251 - - 38.48/0.9605 36.87/0.9447 | 27.38/0.8329 =
RBPN [Y] 12.2 1507 30.09/0.8590| 37.07/0.9435 |27.12/0.8180 || 38.66/0.9596| 37.20/0.9458 - %
EDVR-M [17] 33 118 30.53/0.8699| 37.09/0.9446  |27.10/0.8186 || 39.40/0.9663 37.33/0.9484 | 27.45/0.8406 375
EDVR [37] 20.6 378 31.09/0.8800| 37.61/0.9489 |27.35/0.8264| 39.89/0.9686| 37.81/0.9523 |27.85/0.8503 .
PFNL [34] 3.0 295 29.63/0.8502| 36.14/0.9363  |26.73/0.8029 || 38.74/0.9627 - 27.16/0.8355
MuCAN [20] - - 30.88/0.8750|  37.32/0.9465 - - - -
TGA [13] 58 - - - - - 37.59/0.9516  |27.63/0.8423
RLSP [¢] 42 49 - - - 38.48/0.9606| 36.49/0.9403 |27.48/0.8388
RSDN [12] 6.2 94 - - - 39.35/0.9653 37.23/0.9471 27.92/0.8505
DM [ ] 24 A48 20 O fn 0e 44 A7 e 0400
BasicVSR (ours) 6.3 63 31.42/0.8909| 37.18/0.9450 |27.24/0.8251|39.96/0.9694 | 37.53/0.9498 |27.96/0.8553
IconVSR (ours) 8.7 70 31.67/0.8948 | 37.47/0.9476 [27.39/0.8279| 40.03/0.9694 | 37.84/0.9524 |28.04/0.8570
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Figure 1. Speed and performance comparison. Without bells
and whistles, BasicVSR outperforms state-of-the-art methods with
high efficiency. Built upon BasicVSR, IconVSR further im-
proves the performance. Comparisons are performed on UDM10
dataset [34].
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BasicVSR++ (
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= Grid Propagation
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1) Softmax Splatting for Video Frame Interpolation(cvpr2020)

BasicVSR++: Second-Order Grid Propagation

e Grid Connection

- Object detection, segmentation, frame interpolationS 1t 22 22O A| AtHE

. 2HEA O 2 Multi-scale2 LFF O RIS =
O

 Higher-Order Propagation

- Temporal gradient flow 7§ 1= 2[5} language model 0| A| At&
- A|ZHX Alignment7t &2 %+ VSRO|A AFE E|X| 42
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BasicVSR++: Second-Order Grid Propagation

» Second-Order Grid Propagation

ff =A (gia fg—p fij_ga Si%iflasiﬁ»ifZ) , (1)
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Residual Blocks
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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

 Flow based alignment

- SPyNet or PWCNetES O| &350 & frame 7F2| optical flow ==

- Optical flowE offset 2 = frame x;4, S x; 0l %A warping®}0] alignment

» Deformable alignment

- Deformable Convolution= O|- &2+ Alignment

- = frameS Concatenation ot ConvE E1HA| 7] offsetS 0|23l Deformable convolution X134

)94

Reference Concat
Features

Offsets Ft+i

Deformable

Conv Aligned
Features

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

BasicVSR++: Flow-Guided Deformable Alignment

» Deformable Alignment

Warped by Warped by
Optical Flow Learned Offset Flow Offset

9

D)

- DCN offsetO| Optical Flow2l 22 d&g gt
- Offset diversity?t, &5 = QUCH= B2 Z Flow baseZ $F (IAHC WSt H&
S} X| Bt Deformable alignment= = 21 11 0f| A| offset overflow 2 Sl= S H0| /S
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BasicVSR++: Flow-Guided Deformable Alignment

* Flow-Guided Deformable Alignment

fi1

previous
feature

Si—pi—1

fici =W(fiz1,8imi-1), (3)

Oisi—1 = Simi—1 +C° (c(gi, fi-1))
Mmi4i—1 =0 (Cm (c(gia fz—l))) .

residual
offsets

fi =D (fi—l; Qi i—1, mi—n’—l) ; (5)

1

- Flow base =2 At F &5 offset Sf5= X[ &
- Optical flowE L5t Residual offsetZt St &6t

ot & 5t0 QHEE Ol oh 5 Jts
- Deformable alignment2| offset diversity=S = XISt instabilityS o 2

R AW THEE D

SOGANG UNIVERSITY 17

4)

VDS

-
>
o



BasicVSR++:Ablation studies

« Ablation studies

Table 3. Ablation studies. Each component brings significant
improvements in PSNR, verifying their effectiveness.

(A) | (B) | (C) |BasicVSR++
Flow-Guided Deform. Align. 4 v v
Second-Order Propagation v v
Grid Propagation v
PSNR (dB) [31.48[31.94[32.08] 3239

(a) Optical flow (b) DCN offsets #1 (c) DCN offsets #2 (d) DCN offsets #3

(e) Reference image (f) Neighboring image (g) Aligned by optical flow (h) Aligned by flow-guided

deformable alignment
Figure 8. Benefits of flow-guided deformable alignment. (a-d) While DCN offsets are highly similar to optical flow, there are noticeable
differences. (e-f) The reference and neighboring images. (g) The feature aligned by optical flow, as in BasicVSR, experiences blurry edges.
(h) The feature aligned by our proposed module in BasicVSR++ is sharper and preserves more details, as indicated by the red arrows.
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BasicVSR++: Results

Table 1. Quantitative comparison (PSNR/SSIM). All results are calculated on Y-channel except REDS4 [2
and blue colors indicate the best and the second-best performance, respectively. The runtime is computed on an LR size of 180x320. A

1] (RGB-channel). Green

4x upsampling is performed following previous studies. Blank entries correspond to results that are not reported in previous works.

BI degradation BD degradation
Params (M) | Runtime (ms) | REDS4 [21] | Vimeo-90K-T [35]| Vid4 [19] | UDMIO [37] | Vimeo-90K-T [35]| Vid4 [19]
Bicubic - - 26.14/0.7292|  31.32/0.8684  |23.78/0.6347|28.47/0.8253 | 31.30/0.8687 |21.80/0.5246
VESPCN [1] - - - - 25.35/0.7557 - - -
SPMC [27] - - - - 25.88/0.7752 - - -
TOFlow [35] - - 27.98/0.7990| 33.08/0.9054 |25.89/0.7651| 36.26/0.9438 |  34.62/0.9212 -
FRVSR [24] 5.1 137 - - - 37.09/0.9522| 35.64/0.9319 [26.69/0.8103
DUF [15] 58 974 28.63/0.8251 - - 38.48/0.9605| 36.87/0.9447 |27.38/0.8329
RBPN [9] 12.2 1507 30.09/0.8590|  37.07/0.9435  |27.12/0.8180 | 38.66/0.9596 |  37.20/0.9458 -
EDVR-M [31] 33 118 30.53/0.8699|  37.09/0.9446 |27.10/0.8186 | 39.40/0.9663 |  37.33/0.9484  |27.45/0.8406
EDVR [31] 20.6 378 31.09/0.8800| 37.61/0.9489  |27.35/0.8264 | 39.89/0.9686 | 37.81/0.9523 |27.85/0.8503
PENL [37] 3.0 295 29.63/0.8502| 36.14/0.9363  |26.73/0.8029 || 38.74/0.9627 - 27.16/0.8355
MuCAN [17] - - 30.88/0.8750|  37.32/0.9465 - - - -
TGA[13] 5.8 - - - - - 37.59/0.9516  |27.63/0.8423
RLSP [¢] 42 49 - - - 38.48/0.9606| 36.49/0.9403 |27.48/0.8388
RSDN[12] 6.2 94 - - - 39.35/0.9653 | 37.23/0.9471  |27.92/0.8505
DDNL [ ] 2 1 e~ 29 0/ 0eAd 27 a0 /0 Q499
I BasicVSR [7] 6.3 63 31.42/0.8909 |  37.18/0.9450  |27.24/0.8251 39.96/0.9694 |  37.53/0.9498 | 27.96/0.8553
TconVOR 1] LX) 70 IL.0I0.8048 | 314700876 2130708270 | 40.03/0.0608 | 37.84/0.0500 | 28.04/0.8570
BasicVSR++ 7.3 77 32.39/0.9069 | 37.79/0.9500 |27.79/0.8400 || 40.72/0.9722| 38.21/0.9550 |29.04/0.8753

’

Sequence 0216, Clip 024
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