,_.
o
S
=
ok
ofy
of
=
toy
i

A A25d A6E, 20200d 1€ (JBE Vol. 25, No. 6, November 2020)

Yuk=% (Regular Paper)

W23 = A A259 A6E, 2020 11¥€ (JBE Vol. 25, No. 6, November 2020)
https://doi.org/10.5909/JBE.2020.25.6.1004

ISSN 2287-9137 (Online) ISSN 1226-7953 (Print)

=) =] O = = =
AN T 34 2HAS S 16 FHlz BE AL F74
g

AR, FAGY, A, 0 8 A0 A Y, o o g

Fast Content-preserving Seam Estimation for Real-time High-resolution
Video Stitching

Tacha Kim”, Seongyeop Yang”, Byeongkeun Kang”, Hee Kyung Lee?, Jeongil Seo®, and

Yeejin Lee
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Abstract

We present a novel content-preserving seam estimation algorithm for real-time high-resolution video stitching. Seam estimation is
one of the fundamental steps in image/video stitching. It is to minimize visual artifacts in the transition areas between images.
Typical seam estimation algorithms are based on optimization methods that demand intensive computations and large memory. The
algorithms, however, often fail to avoid objects and results in cropped or duplicated objects. They also lack temporal consistency
and induce flickering between frames. Hence, we propose an efficient and temporarily-consistent seam estimation algorithm that
utilizes a straight line. The proposed method also uses convolutional neural network-based instance segmentation to locate seam at
out-of-objects. Experimental results demonstrate that the proposed method produces visually plausible stitched videos with minimal
visual artifacts in real-time.

Keyword : Image stitching, video stitching, seam estimation, instance segmentation
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Fig. 6. Examples of stitched frames (zoomed-in). (a) [13] (b) [14] (c) Proposed method

Fo] AHE 7hHsskH, B =EeAs ASAAS 2T 7w olF Al7ko]l GEE = Ag Eelstdth 284 E $9Y
o] AA AI-Eeld dyHE F A SE7F mE o] FAS ABH & 7tetr] 9184 Ground-truth F7d
YOLACT (You Only Look At CoefficientTs)!'* & 2% glo] oAte]l £AS Hrisl= A%l BRISQUE(BLind/

S AREETE daElEe] AATE FES SEiA A o Referenceless Image Spatial Quality Evaluator)!'”S A1}
o F&& GPUE Z83t APAN 4 5 1 9 Ak Atk BRISQUET %73e] Adxelgs H7kete ARE

CPUE Z-&3td Agstes Fasth AHA F4 4 A7t G255 9 U A 245 Ytk A
5 AFE M 712 (1319 QTF (149 S2elE 9Ae) RE 2o Qo) tfd B BRISQUE Y5E ¥ 29}
= 283 2YA At Ajbete ¢EEe] 293 2 Zom, Agtete daEFol AT TIEE 71 B
g vwsisich vl Aghe 19 59 gom, Wk He 3 fAAY B FAS HE AL Faskdn.
F4% AR e, 19 59 AA FES gk G
79 601 UERNITE 17 59 69] Ao A B 4 Qo] E 1. Z2lll & B A2l ARZEHID (msfframe)
[13] 3} [14] I =L oJaye] 2o gy (low-level) 7 2] Table 1. Comparison on processing time (ms/frame)
TS ARt AIHAS FASIERE FAE Al ] A [13] [14] P:(Sﬁzzd
& FsA xahe 73% Ag AL U:] ARE oggoﬂxm Video sequence 1 6.89 4.48 1.12
?—‘l?—}\é% 13:18}2] (‘)5 ]- = ]O] s 77%3 /\]2‘3 A %‘%’V} s Video sequence 2 15.63 5.33 1.89
ZE| k. ool whall, AlQtsle G EES MY dBAd
S FAFEAE A7 AAES Faf AJHAS FAST 5 9 # 2. BT BRISQUE H% v
o5 oA Table 2. Comparison on BRISQUE Score

3 At AHA FA o] JUAE A o (13] [14] Propesed
RS e g2l Hlsk 5‘1‘1] AlZbe] FHEHUAME Video sequence 1 | 54.1101 | 53.6017 53.7667
A7 AANE F3) NFAE FAT & JdoS Fas) Video sequence 2 | 407437 | 40.4309 40.3415
Ssted, ARA 34 AL ZHAAL E 1914 BE v}
o Zro] Abet AV FE vl YA FE Hrt oF 3u)



Aesk 9] 59 A TAAE TP 2EAe A% L& FH= BE AHA 4 P 1011

(Taeha Kim et al.: Fast Content-preserving Seam Estimation for Real-time High-resolution Video Stitching)

V.4 E

2 =rdAE 9% 2EA FH 99 Wl AA 9=
TAE sl Adstr] g Alade el 7Nk AlFA F4 &
AEFE AT i AR AZE 27 8 HA
s FAE Fo i AFA 4 gaEEe] A &
T HAE sl s 98k, Algtsle GaElselE F
8 AAE A ANHAE FAT F J=F AqA dURE
Abgstlon, §8407 Ty 7k dANE FAE]
A3l AM o) AFAE AeEATE A A AdsE &
TYEFS AHEEt] AHAS F4Y A, vl SuYE
B e A2 22 AZH o2 fAFEE 360VR 9%
_% /Rgt'sl—

oZ

# 1 & 8 (References)

[1]  R. Szeliski, Computer Vision: Algorithms and Applications, Springer,
2010.

[2] M. Brown and D. Lowe., “Automatic Panoramic Image Stitching
Using Invariant Features,” International Journal of Computer Vision,
Vol.74, No.1, pp. 59-73, Dec. 2007.

[3] J. Gao, S.J. Kim, and M. S. Brown. “Constructing Image Panoramas
Using Dual-Homography Warping,” Proceedings of Conference on
Computer Vision and Pattern Recognition, CO, USA. pp. 49 - 56,
2011.

[4] J. Zaragoza, T. J. Chin, M. S. Brown, D. Suter, “As-Projective-As-
Possible Image Stitching with Moving DLT,” Proceedings of
Conference on Computer Vision and Pattern Recognition, OR, USA,
pp. 2339 - 2346, 2013.

2 H 3

(5]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

(13]

[14]

[13]

X &2 N

C. Herrmann, C. Wang, R.S. Bowen, E. Keyder, M. Krainin, C. Liu, R.
Zabih, “Robust Image Stitching Using Multiple Registrations,”
Proceedings of the European Conference on Computer Vision,
Munich, Germany, pp.53-69, 2018.

V. Kwatra, A. Schodl, I. Essa, G. Turk, A. Bobick, “Graphcut
Textures: Image and Video Synthesis Using Graph Cuts,” ACM
Transactions on Graphics, Vol.22, No.3, pp.277-286, Jul. 2003.

G. Zhang, Y. He, W. Chen, J. Jia, and H. Bao, “Multi-Viewpoint
IEEE
Transactions on Image Processing, Vol.25,No.7, pp.3099 - 3111, Jul.
2016.

P. Perez, M. Gangnet, A. Blake, “Poisson Image Editing,” ACM
Transactions on Graphics, Vol.22, No.3, pp. 313 - 318, Jul. 2003.

A. Levin, A. Zomet, S. Peleg, and Y. Weiss, “Seamless Image Stitching

Panorama Construction with Wide-Baseline Images,”

in the Gradient Domain,” Proceedings of the European Conference on
Computer Vision, Prague, Czech Republic, pp.377-389, 2006.

M. El-Saban, M. Izz, and A. Kaheel, “Fast Stitching of Videos
Captured from Freely Moving Devices by Exploiting Temporal
Redundancy,” Proceedings of International Conference on Image
Processing, Hong Kong, pp. 1193 - 1196, 2010.

W. Jiang and J. Gu, “Video Stitching with Spatial-Temporal Content
Preserving Warping,” Proceedings of Conference on Computer Vision
and Pattern Recognition Workshops, MA, USA, pp. 42 - 48, 2015.
D. Bolya, C. Zhou, F. Xiao, and Y. J. Lee, “YOLACT: Real-Time
Instance Segmentation,” Proceedings of International Conference on
Computer Vision, Seoul, Korea, pp. 9157 - 9166, 2019.

OpenCV SeamFinder, https://docs.opencv.org/3.4/d0/dd5/
classcv_1_ldetail 1 1 DpSeam Finder.html

A. Efros, and T. William. “IImage Quilting for Texture Synthesis and
Transfer,” Proceedings of the 28th Anual Conference on Computer
Graphics and InteractiveTechniques, CA, USA, pp. 341-346. 2001.
A. Mittal, A. K. Moorthy and A. C. Bovik, "No-Reference Image
Quality Assessment in the Spatial Domain," [EEE Transactions on
Image Processing, Vol.21, No.12, pp. 4695-4708, Dec. 2012.

- 20201 23 : ME2SP|Eistn M7 |H 2SS SSHAt

~ = - 20201 2 ~ BRf ¢ MSTST|SHSL MI[FE S8R MARE
- - FUMEOL: AFE N, g M|, 7] S5

o



1012 W33 =8x #2554 A63, 20209 11€ (JBE Vol. 25, No. 6, November 2020)

X XA
* N H
- 20204 8Y : 235l |arstm My|HEZstnl ZstAF
- 20204 83 ~ SIX : MEHEY|Etietw M7 |IHESE MAE

- FEAR0F: HFE HF, SN M2, JIH

24z

- 2018 12¢ : O|= University of California San Diego X7|ZFE{Zstn Z5tEtAL
- 2018 ~ 20194 : O|= Carnegie Mellon University Postdoctoral Fellow

- 20194 ~ SiXf ¢ M2HET|etistn 2o

- ORCID : https://orcid.org/0000-0003-2537-7720

- FLAZO0F: AFH HIM, &k X2, J[H sk

o &

- 19994 23 : HElhetn Zaicyst
- 20021 2@ : KAIST-ICC ﬁﬁgﬂog ZSHAA}

- 2002 ~ A : SI=MAISAITY AZ0ICI{MTA IR
- ORCID : https://orcid.org/000-0002-1502-561X

- FRAEOL : C|X|EHErE HCI, Gaze Tracking, VR/AR/MR

" :m

RN

- 1994\ 29 ; HECHEHD MAFZSHL} (Z5HAL

)
- 1996\ 22 : ASCHStw CHEH MALZEL (SEHMAL
- 20054 8 : ASCHStw CHEHY MALZEIL (SEEAL
- 19984 28 ~ 2000410¥ : LGHIEX| Fo7L

- 20104 88 ~ 201147¢ : I= Southampton University, ISVR 2204712l
- 20004 112 ~ A : S=EASAATE MZOCo{ T A%

- ORCID : http://orcid.org/0000-0001-5131-0939

- FUMEO0L: 202 ASXe|, AUSE, CIXEWS, HE|odo EE3

of o

- 20174 98 : O|= University of California, San Diego X7|ZFE{Sstt ZStaA}
- 20174 ~ 20184 : O|= University of California, Los Angeles Postdoctoral Fellow
- 20184 ~ SR - MEntep|Etistn o
- ORCID : https://orcid.org/0000-0002-3439-5042
- FULEO0L: AT HIM, Q4 M2, TA S5




