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Intro

« What is inpainting
Hl G A0 input image/video LHOfl X
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Intro

« What is different image outpainting & video outpainting

- Image outpainting

- ™M™ 2l imagedl CHTH 2 Y

- Video outpainting
~Video2| frameDtC} imagel| Q5 TS MM

- Z} frameOFCH &2 O] = object@t background 7t 3}
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2022 CVPR Video outpainting paper

« Inpainting for Video Outpainting
- A HTY video inpainting method : Onion-Peel network

-2} frameOtCE O™ framel| O = Z1tE EE5HY] blankFE == 0| FotL O IpH =2
HIESHA Fao| dEMHE X

- =8 video inpainting method : Copy and Paste network
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2022 CVPR Video outpainting paper

« Inpainting for Video Outpainting
- Flow-based method

- Time consistency= 7 X|5}2{ ™ flow-based method 7} 7+& &
- Optical flow= method = X EH

- Optical flowZt
—Optlcal fieldE 75}7| /ol O|H frameZt SXY| frame2| X}0|E 0| 2310 2t Tl o]
O| 5= A4S0 objecte| X AS
- Optical flow2| 27}X| 7178
~Color/brightness constancy : OffH &4 1t
-Small motion : frameZt &2 2 o
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2022 CVPR Video outpainting paper

» Flow-based method

- Flow-edge Guided Video Completion_ ECCV 2020
_Qok
;= Motion edge= extractSt1l complete
;= Color®} flows &5t flowE 2} colorE propagate
;= Main propose= object boundariesZ 2} sharp?t flow edgeE propagate
-Main Contribution
'« Flow edge : sharpStZ| flow edge= & O] smoot?t flow edges &=
= Non-local flow : Non-local flowE Z-& 3} transitive flowE X 2|

;= Seamless blending : visible seamsE I|St7| 2|3l gradient domainOij A{ % ¢
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2022 CVPR Video outpainting paper

 Flow-based method
- Flow-edge Guided Video Completion ECCV 2020

~Input : 4 3HOF 2 color video2t binary mask

- Edge-guided flow completion ; Q1 & 3t frame, 21 SHA| &2 frame AFO| 2| forward,
backward ZF2| flowE Al4tSt1, flow edgeE extract X completionStO| smooth®t flow
completiong 8=

- Temporal neighbor generation : missing pixel 0| CHet 2 & pixel &2 A LHSH?| /5K flow
trajectoriesE P

Validity\Score\Gradient
Predicted flow Completed flow ]
Video |
Flow-guided
| temporal
neighbor
generation Mask M
o :
A H | Keyframe r’
V""‘?I \i\:l“ 2 Ipn B Y i s;?nmze i
Extracted edge Completed edge Validity :
(e) Output
(a) Input (b) Edge-guided flow completion (3.2) (c) Temporal neighbor generation (3.3) (d) Fusion and hallucination (3.4, 3.5) Input for (c) in next iter.
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2022 CVPR Video outpainting paper

» Flow-based method

- Flow-edge Guided Video Completion ECCV 2020

~Fusion and hallucination : confidence-weighted averageS A2 3t Zt missing pixel Of CHst

gradient domain £ &2

= ES}
= O H,

Predicted flow

T

Video |

Mask M

Completed flow

i
| _ .‘.\
‘“"z. )"

Extracted edge

Flow-guided
temporal
neighbor

generation

Validity\Score\Gradient

Completed edge

(a) Input
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(b) Edge-guided flow completion (3.2)

Gradient

Fusion

Y Key frame

single-image

| completion

1 & pixelO| 7t& BLO| WHEl frame= 41 B SEL inpainting

- Output : missing pixelO| &= W 77}X| 2 2H | A== Lt iteration2 £ ME

Video |

Mask M

Validity

(e) Output

(c) Temporal neighbor generation (3.3) (d) Fusion and hallucination (3.4, 3.5) Input for (c) in next iter.

VDS



2022 CVPR Video outpainting paper

 Image complete method

- Large scale image completion via Co Modulated Generative Adversarial Networks
2021 ICLR
- 7| Z&2| unconditional GAN2 latent vector0j| 2|3l 444 &l learned style= &
- Q| B2 2 image-conditional GANO| = X -3}2{ 34 X| 2t stochasticity 7 550
limited conditional informationO| XS k| = 2HE 0| A & -Z3517(2l 0|2
;= = mask(blank) €l HHO0| ALHH Y57 g Lt= X

-2 2XE sZ3}7| I8l Co-modulations | ¢t

L~

s = A(E(y), M(2))

co-modulation
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2022 CVPR Video outpainting paper

» Flow-based method

- Large scale image completion via Co Modulated Generative Adversarial Networks
2021 ICLR

- Style spaceOf| A style vector 7} linearly correlatedSICHe HS 7FE3 S W s 74
- Co modulated GAN< discriminator loss2t 7| 2 &

-L1 termM & ZHE Ol guide/} = R3SHX| @O} stochastic generative capabilityS &

3B Bs

A ! A\
)
Masked \ \ \
Ours (¢ = 5)

Masked
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting CVPR_2022(Workshop)
. QOF
-Video inpainting= outpaintingdl| M- &g o] tHH 2 =0l
- Image shifting= AFE-SH0] image outpainting= 71 4SH= 2| outpainting method & &2 &
- Main Contribution
- ™= video contentS ESA|Z|X| F0 A|L4H L2 BFEA 22 temporally consistent 2t
completions& K| &
- Optical flowE AFE5H0] 2175t frame 72| HEE M ESHO temporally consistentE &4
=

- Background estimation= Z=7[0f| IS0 temporal artifactsE = &
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Overview of method
-Flow estimation
-Background estimation
-Flow completion
-Video completion
- Post-processing

Video completion

Ly
Video |

| wvos |

F1 F2 F3
n 6“ '16- c“ &‘»._.D_ 1) Flow prediction 2) Background estimation 3) Flow completion

SOGANG UNIVERSITY 13

4) Video completion + 5) Post processing

VDS

LAB



2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting
- Video Completion (RAFT ECCV_2020)
- Color propagation= A5 optical flowS 7|BIC 2 Bl Ao YR E b A|Z
- Optical flowE F835}7| /o #XH flow estimation method S.O.T.AQl RAFTE

— O 1 -

-Optical flowS 2t43517| 2|8l masking=! < LHO| gradientS % A3} A|Z

:: 220 objectE M ASHHLE background2| EEE MAUS W O FEEA d-F Tl &

o —

- 2Lt 2| method= & 2! 0| = foreground objects”t video outpaintingOfl - 2 [}
temporal artifacts”7} 244

i

| —

T,_'I'\:I'

y

Optical Flow

...............................................................................
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Background Estimation (Flow-edge Guided Video CompletionS AtE)
-Frame?2| edgeE 2} =X 7F S &Y M, object”| not visible™ = U=
- Foreground motion2| complete outlineO| §17| =0 foreground, background motion©|
==
;= Optical flowS estimationSt=0| 2|7 244
- 2f A Z&7|0] background estimatione %
- Background estimation= ot7| ¢/3ll 2 foreground mask?t 2 25}7| M- 20 VOS(Video
Object Segmentation) method S XH E4
;= VOSEt foreground objectZ background2t separateSt= binary labeling problem

- Background9| foreground maskE O| &3l A maskingSt1l inpainting methodE A& 5+
N
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Image Completion

~Flow edge guided networkS image outpainting network 2 AF235}2] 3 S L} large-scale
image completion networkE At

-Image contentE shiftSt0f blank @S 9| HHZZ 0| 7 HEE E2

—

-7t QE ’°°°| known plxel ._Mf(mlrror)ﬁHkl FI/IHE HE

>
C
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Post-Processing
~Frame2| outside information2 predictdt= A2 £27+s5ICH %
-Complete®l B blurryStAH| 2H=0{ A original video2t g &
-2 =20 "It 1P S blurring 2%

02
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting
- DATASET

-Image completion network : Places scene recognition dataset (2.5 million images)

-DAVIS(Densely Annotation Video Segmentation dataset)
:'= Two resolution : 480p, 1080p
:'= 50 video segeunces with 3455 annotated frames at pixel level
-Youtube-VOS(Video Object Segmentation)
:'= Large-scale benchmark (multiple VOS task, semi-supervised VOS, VOS)
== More than 4000 high-resolution Youtube-video & 340 minutes video

-2 =20 ME video frame2| &, LEZ S crop$t F input2 E At

oto
Lo O

- Foreground 2| annotatlone Afo S]ON

(a) A person wearing a white shzrt with white helmet riding a bzke

A laying cat gets up and jumps towards the camera.
R AW THEED
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Evaluation metric
- MSE(Mean Squared Error)
-PSNR(Peak Signal To Noise Ratio)
- SSIM(Structural Similarity Index Measure)
- LPIPS(Learned Perceptual Image Patch Similarity)
-FVD(Frechet Video Distance)
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Portrait To Landscape Conversion

-Portrait (9:16) to Landscape (16:9)

22 R videol| 2, 2LEZ edgeE M AHSHY input2 £ AL
o Qe PO

== 1. Flow-edge Guided Video Completion

:'= 2. Ours without image shifting

:'= 3. Ours with image shifting

:'= 4, Ours with both image shifting and post processing (£ X)

DAVIS dataset [22] MSE| | PSNRT | 55IMT | LPIPS | | FVD |

Standard 11293,158 7.95 0.330 0.5397 | 200912
Gao et al. [7] 172497 16,18 0,560 03049 | 1414.586
Video outpainting {ours) 1654.59 16,82 0.594 0.2635 | 124477
Video outpainting+image shift (ours) 1513.49 17.33 0.600 0.2530 | 1099.11
YouTube-VOS [27] [ ™MSE, [PSNR T [SSIMT | LPIPS | | FVD |

Standard 1127197 | 8177 0.354 0470 | 222093
Gao et al. [7] 3008.74 14,37 0,500 0,385 1848.07
Video outpainting (ours) 270243 14.46 0.509 0,338 1642 46
Video outpainting+image shift (ours) 2604,17 14.76 0518 0,320 1374,85
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Portrait To Landscape Conversion

-Flow-edge Guided Video Completion

A szuta VDS
S
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Portrait To Landscape Conversion

- Ours without image shifting
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Portrait To Landscape Conversion

- Ours with image shifting
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Portrait To Landscape Conversion

- Ours with both image shifting and post processing
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Landscape To Ultrawide Conversion

- Landscape (16:9) to Ultrawide (21:9)
;- DAVIS dataset2 2 A3
-H[ D O S
:'= 1. Flow-edge Guided Video Completion
:'= 2. Ours without image shifting
:'= 3. Ours with image shifting
:= 4. Ours with both image shifting and post processing (# X)

Method MSE] PSNR 1t | SSIM 1 | LPIPS | | FVD |
Standaard 11657.,35 7.80 0,329 0,546 346,62
Gaoetal. [7] 301,33 23,00 0.809 0.074 254,55
Video outpainting (ours) 277.60 23,82 0,852 0.065 224,77
Video outpainting+image shift (ours) 239,18 24,34 0,890 0,062 207,26

SOGANG UNIVERSITY 25 LaB
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Landscape To Ultrawide Conversion
- Original
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Landscape To Ultrawide Conversion
-Flow-edge Guided Video Completion
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Landscape To Ultrawide Conversion

- Ours without image shifting
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Landscape To Ultrawide Conversion

- Ours with image shifting
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Landscape To Ultrawide Conversion

- Ours with both image shifting and post processing
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

A

- Portrait To Landscape Conversion

A g d Rk
SOGANG UNIVERSITY

DAVIS dataset [27] MSE| PSNR T | S5IM T | LPIPS | | FVD |

Standard 1129318 7.95 0,330 0.5397 | 2009,12
Gao et al. [7] 172497 16,18 0,560 0.3049 | 141486
Video outpainting (ours) 165459 16,82 0,596 0.2635 | 124477
Video outpainting+image shift (ours) || 1513.49 17.33 0.600 0.2530 | 1099.11
YouTube-W0OS [27] MSE| PSNR T | S5IM T | LFIPS | | FVD |

Standard 1127197 | B.177 0,354 0470 | 222093
Gao et al. [7] 300874 14.37 0,500 0,385 184807
Video outpainting (ours) 2702.43 14.46 0,509 0,338 1642 46
Video outpainting+image shift (ours) 2604,17 14.76 0518 0,320 137485

- Landscape To Ultrawide Conversion
Method MSE| PSNR T | SSIM T | LPIPS | | FVD |
Standaard 11657,35 7.80 0,329 0,546 346,62
Gaoetal. [7] 301,33 23,00 0,809 0,074 254,55
Video outpainting (ours) 277,60 23,82 0,852 0,065 224,77
Video outpainting+image shift (ours) 239,18 24,34 0,890 0,062 207,26
31



2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- Limitations
- Foreground objectZ outpainting area®l| A completeStA| % 7|2 Z7H
:'» Frame edge = X 2| moving object 7} artifactsS OF 7| &t
- Background estimation= 7|0 = M M 7[= THE 27X
:'= ObjectZ} close-up &2 [ background2| ME 7} | E&&
:'» Background 2t complete® [ff foreground object”} complete arealil A At2+E
—V|de001| it = 7L} 2 E$F camera motionO] ZEHE| O U= H L

:'= Optical flow 7|2t 2 2 St complete O] £XAHAAZ{F

R AW THEE D VDS
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2022 CVPR Video outpainting paper

» Conclusion
2 =20 AT SHEE | videoQ| outpainting areaS blurrStH X 2|5t A
ol SEE HAl2 TH eR0)7] 120 §i el Kool Bk 2L

- Video outpainting £ OF= 34| 37tX| frameworkE &
- Temporal consistencyE HEH FAI Q1742

~Foreground objectE O E A He|g Al7t?
- Qutpainting method S O E A & A2l 7}?

- Framework2| - WO h2F A novelty 7| & 2HEIC
- O}%] video outpainting paper= CVPR workshop paper O| 2|

;= Video generation research paper2| & &4l S M2}

IO A ZESt
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting
- APPENDIX

- Evaluation metric
' MSE
/I 2t GJO|E{ | GTEF predictgh 1 <, 5
;i PSNR MSE = - Y: - Y3)
CEA U MBI HE £ Qe Al M ol H g =1

A
velE0| GOt 2| A=

vSE= pixel2| Z|CH 4t —
2 SSIM PSNR = 10log MSE

v IZEO[ A4 =t & XjOf F7t

SZ

vLuminance, Contrast, Structural Z 7}
VA = O.;'% O||:||X| SSIM(A,B) = l(A,B)C(A,B)S(A,B)

vB = 9= O|O0|X| _ uapp + ) (2045 + C3)
(U2 + uz + C)(0f + 07 + C,)

A szuta VDS
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

« APPENDIX
-Evaluation metric R 2
< LPIPS LPIPS = Z I Z ” th o yi[]hw) Hz
o h,w

vRALE S AFES| 24O 7[EH5HY =8

0| O/ X| x, x07t = &2 [, layer 10{ A 2| activation map= & O Euclidean distance A| Atk
w!Z scaling® Ct2 channel wise averaging 3+ 2£= 10f CHSH EHo

= FVD
vX, Y& FMe| CHHAZ A2 %
vTr 2 Y HO| CHZret(linear algebra)

vy XYY : 524 W EH(covariance matrix)

FID = HHX — MYH2 - Tr(Zx +ZY —2 ZX ZY)

R B THSED VDS

SOGANG UNIVERSITY 36



2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- APPENDIX
- Onion Peel network ICCV_2019

images

- Encoder
4

B = = L 3
\. Encoder / \. Encoder / \. Encoder / \. Encoder /

/
- / Reference
o EE oo EE [[+] []l+]
5

feature maps

128 Partial completion
™

128 128128 128
Asymmetric
h 3 i Attention

] 128 Block [z llzllz2l~ || ~|]|~|| &
& (Fig.4)
&
1/4

Target key and value
feature maps

Get peel region E> '{L’{J

Encoder Decoder

Recurrence
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting
- APPENDIX

- Copy and Paste network ICCV_2019

* F R HE Update
the
Xt b G Xt Xt xV output
Target Alignment .
frame encoder
and mask /
M [' X ‘ Y Mt' Xt ¢
vvvvvvvvvvvvvvvvv i 0 o o
+ i \ \ é \\ i
Al | ] Amne i ¥ Eoniexd - ¢ || Decoder
2 Alig A Encoder Matching Cmask |-a
encoder || regressor ncat [ Module t
(Fig4) N |
Aligned | m1~t x1-t Lo
Reference reference L
frames frames :
and masks i and masks
2 mE"-Tt A -
Alig A Encoder
regressor
Affine
matrices ;,M""‘", Xxm-t
Alignment network Copy network Paste network
J 21T |VDs\
A B
6 SOGANG UNIVERSITY 38 Lag




2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- APPENDIX
-RAFT ECCV_2020 (Best Paper)
s AA 37HA| &

vFeature extractor : motion

vCorrelation volume : L§ &

Optical Flow
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2022 CVPR Video outpainting paper

« Complete and Temporally consistent video outpainting

- APPENDIX
-RAFT ECCV_2020 (Best Paper)

:= Correlation volume
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