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Abstract

Seam finding algorithm is one of the most important techniques to construct the high quality 360 VR image. We found that
some degradations, such as ghost effect, are generated when the conventional seam finding algorithms (for examples, Voronoi
algorithm, Dynamic Programming algorithm, Graph Cut algorithm) are applied, because those make the inefficient masks which
cross the body of main objects. In this paper, we proposed an advanced seam finding algorithm providing the efficient masks
which go through background region, instead of the body of objects. Simulation results show that the proposed algorithm
outperforms the conventional techniques in the viewpoint of the quality of the stitched image.

Keywords: Seam finder, 360 VR, Image Stitching, Panorama Image

a) AlEdgty A XV*H_%*JJO—@M{Sejong University, Dept. of Electrical Engineering)
¥ Corresponding Author : 3H%7](Jong-Ki Han)
E-mail: hjk@sejong.edu
Tel: +82-2-3408-3739
ORCID:https://orcid.org/0000-0002-5036-7199
# This work was partly supported by the National Research Foundation of Korea (NRF) under Grant NRF-2018R1A2A2A05023117 and partly by
Institute for Information & communications Technology Promotion (IITP) under Grant 2017-0-00486 funded by the Korea government (MSIT).
+ Manuscript received September 12, 2018; Revised October 29, 2018; Accepted October 29, 2018.

Copyright © 2016 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



ok 9] 19 360 VR AR 94E 2 W] ZolE o8 seam finding YA EE 897
(Da-yoon Nam et al.: Seam Finding Algorithm using the Brightness Difference Between Pictures in 360 VR)

.M E

olw] A 2~E] % (Image Stitching)l'"?! 712 shte] g4
o8 @A Gv TS THHAESE 29 A9 F9 AL
A& olo] gof st YROE BEE J|es on|g
o} dA 7P FEE 7)E T sl 360°VR A 2F
A HHol 71EH o FQ st
2EA A9 7| EAA AL v 2ok AR A
71, 34, ko=, Wrld EWdle 54S M ‘5AA
(Feature) 5= 2ol ‘543 7 Z(Feature Extraction)’
g, e 7w SAA7E A s
(Feature Matching)’ 374, WA d EAHES
o AAANA F& T=HE 4= 7KL e AR A
A&7 oA LR 3h= <
AAXRE S8 THE+ <E¥ Y (Blending) TAE A3
AG7HA AXH, A3 Abzle] gk

¢

"tk 2 A FA A B

QT e 263 4 5 FIAT ARAE, 2

o]ojZ JAAS AL 4 Utk A, o] Afo= AH I
A3t QA Abololl ¥17] x}, B2 FALA, AlxF S o
A ol Aol olojxriety, RAola EAAY
A3 Qake) ol Wb Eelu ol ge] wAw

= o>

wo] 28] v RO BT /1%
FalAl o2 o) ARle] A2 ol AES 3

[

Y oy rf o fLoof Mo of
o, m
32 = oll,\gi

r N
g
=
o
N
M
o
fr
-
o2
ox
o
s
[t
it
X
re
iin)
et

: Y dieES e
R G FEEA A= Aol £AY
A Sl HEAlS 22 Aol 2 S FE AA,
T2 AREE YR E 29 BF ARAds Fde A
ol xgE o] A ok whEbA = Sl Y] A,
ne] F23 HAA JEE F7HH 2R JHelFolof Jit
I, ol FAl 5 e Fd= o] Bele ATl AR
S 7ML Sl Aol vhadelny whadd fjs) HF vt
webrh gAel A g ¢ vk ol E XY A

Aol 2T E FE3= 715 seam finderol| A =8 3o}

ok Ai=o] 2] 2= seam finderE AMHESl] 2E]H A

HE DETD, BA9 Foldst oyl WAl 943
o BRE] 47 ﬂ

4 4 AL, LY FG QoA Fgol
HAAMAM Heole FI22B(Ghosting)lo] BT F& itk
39%59] seam finder Y75 HEA T4 B
A7} Ao, A2go] HolA| &S Alojt}, 7]E0] seam
finder ¥ 72|52 2= Voronoi segmentE ©]&35}= HZ
=9](Vo- ronoi)¥, AF3} &S FE tho| )y 2 T7¢)
" (Dyna- mic Programming)”'s} 12} Z(Graph Cut)™,
SHPEHE AT HAa LAE e HALAEAENY
(Minimal Error Boundary Cut)™'%, 229 273 A1 &-&9[9]
AN 7HEAE AE3 7R By 1l So] gl 3
A%k 7]1E9] seam finderg°| FE3e HPAS I &
= 7397F Atk o] A, 9 <k EAE
= 71FoE Gl AdE] Wi, o=
97 el EA S ofstdolu Hojo] &
=

=

T2 o He =4S #5de S8l
7

=

A st Bew olfg 4
seam finder ¢ EEES U™
Aol = A ot3sl= seam finderd P}~ F
Ao 2 Argity. VAAE 71E8] 4arg
VEEY] A GHES vluste s sk, VFelA

£ o

%
2R [gel s dukael 264 343 Zage
-hjg o]
d|

M
o

ol
=

rir

. Ag[& o™ 9 olA39| J|5

o o X
1. O|0|X] AE[A ZHY

olm#] 2~E]A(Image Stitching)> £ E+= 92 714
o8] o] ARE SHF Y (Overlap Roi)oll A o]o] £
she] s wEE Aotk 2E AL 7S] (a) 54
A ZZ(feature extraction), (b) 537 vl A(feature match-
ing), (c) 97 93 (warping), (d) A4 EAJ(blending)



898 wWr3sts]=EA A23W A6, 2018 11€ (JBE Vol. 23, No. 6, November 2018)

ojgA 4dtA R FREC 2EF ] A GANME SIFT
(Scale Invariant Feature Transform)'"'? SURF(Speeded
Up Robust Features)!"”, ORB(Oriented BRIEF)!'*), FAST!"
59 EAH AE a5 R EYHE FZ(feature ex-

traction) ek FAte] A7), A, 9] 5o EHEE 9G4

H JAEL] AAE 4, 71 A}
(Descriptor) & 544 mich A 4gth 71exe] HIE &
E4

2 vl A (Feature Matching)Al 71Tt th

4 0 2 RANSAC!IS o] 48 71 22 Wz (In-
lier)S 7Hd vl RS AElsta, o] B Blojus o
FA](Outlier) & AATE W RdE Fgk ojw]A] 74
w24 AAE TR PR At o] TR
o PEE Bl Fdrich AP LA 27 AR E Fach
(estimator)'!, oJ&] 7] gAfo] shute] AR R ojojA| =
£ oy o] GFE @Al oA FxAGAA 7, AH
U1, W9, ook 59 #uA o= s wjgA7]
3, oAl HH oA 2 FGAIA A G warping). ©] v

J31. S FdEel oY 2

Fig. 1. Flowchart of the image stitching algorithm

St HAol A sicetrte] HA o] whel 3 FY(Spheri-
cal Projection), AT F%(Cylindrical Projection), ™

o} wpwlo] galxit) oblL &)

%%(Plane Projection) &

T, e 4] ARl & o) Azl etel 91354,
E2EQNS BAFS E Q4 1 99 Aol7t AFAH
el Shesteh ol UES} ek oel 93 ol 2

A)

2. UY IWOA MRS 0fA3

Pt FA(mask)E 0 B 1, F 7 FET 7EAE GAdol
o waaE A4 G A 94Ss ENYE o, dAl
/el AN Fo3 B oS AAsE o)XY
goltk. A Gt T o] FEEHE A
& e Gt olefAlE HAlel Hck F, om| A7 @
AEE AP (seam) 2] FHI}F vk A Uk 1Y 3
o] o]zlst FAol ¥ 2 o3 G| mpadolnt 1 3



STk 9 19 360 VRS FA s GAE 2

(Da-yoon Nam et al.: Seam Finding Algorithm using the

oA 10] AgH] U, ol IF 291 G 19 39 A Fel 00] 4o
HAN Y GAe FAANE 4BS

3o saghe FAATIE G olth whd,

(@)
a2l 2. 2E|FE7| Mol Warping® ARKIE
Fig. 2. Warped images for the stitching process

(a)
72! 3. Warping® ARRIEE stitchingdt?| 2/8F MaskS
Fig. 3. Masks for stitching the warped pictures

b uty) 2ol 5 o] &3k seam finding YL 2%

899

o
Brightness Difference Between Pictures in 360 VR)

AL I9 29 4

§he}. 12, vt




900 WEashs=EA A23d A6z, 20181 11€ (JBE Vol. 23, No. 6, November 2018)

2:519] Sob ool ALM RO wHE AANL, 19 4 ()% 2ol 26Y 9
39 29 (@) 94 (b) FAL ololFE YA 4B HeUE BEeE W A WY
Stk 19 39 vhaAE 29 20 AGSA BAYS SR, 19 4 (b vhad glo] 29T 4

(a) The image stitched by using masks of Fig.3

(b) The stitched image without mask
2 4. 0iA3 ALSe 4R AZSH| 2 Z29E2] 2EEE 0[0fX|S Hl
Fig. 4. Comparison between the stitched images using mask and no mask

< A Hrh o] I-eA
X(seam)= LERH T

T LoAl= 249



Ghe 91 191 360 VRS FASHE GAE 2 W) A0IE 0%

o seam finding ¥32l% 901

(Da-yoon Nam et al.: Seam Finding Algorithm using the Brightness Difference Between Pictures in 360 VR)

Aotk T8 4 () B35 T8 4 () 9IS MTFo A
vhaae 48e el ¥ 4 Yok

phaze 2Ey 9GS Pt YA GRES F
ok wep vz} ok, A
1 25k o 31 343

=) o) (e} =
Aot AEae A 2,

2
=
e
o
—d
[
oX
bz
i
ne

o =
>

o\
i)
2

[
RUATA
ol
o ol
ox =y
e
=R
.
i JIN
E
=T
HU

2,

[ of

o

S

ing)o] 24y rjmr b3S sttt
A7E 722 A wAA AA =
£ ARESHA AL BAlgsEk, Al 22 ohE $1Alel ER1e

£ SPHIR Qs g0 S5l Bl Aol ol
328 @42 gl e 28 FE 9o 54 9
e THY W, e} o) A1) YR G| B wduw
TS, @ gl Aol 38, oA ANES B
F Aperslolof Bk el B3 993 e 9L 7
S, st 942 olofFE Aol HE A (scam)olth. o]
9 HgAel ANE FE viaaE Qs dae ol

VS|

naEE 24

A

. 7|& seam finder &

7]

rhy

o 4#7 seam finder 1] EL 37147} Qith B

J2l 5 E250| ¢2|Ee| 1A
Fig. 5. Process of Voronoi algorithm

*=o](Voronoi)'®), TFe]u}e] 2 78] %(Dynamic Program-
ming) ", T2} Z(Graph Cut)® Itk o] F HEko] 77
A FE2 G HES A jlol 27 oy owx|e] XY

AAS= ko) 7, tho|udl Ei_‘/jﬁ R

St el A e S BT Ay T d92
oA st AT AXA T A FANAT E 5 =
IH3 o) Voronoi seam finder= ©] <o i st
7}740] AR AARNLS YA e OL_T’_FJ%O]E} o] &L

1%] 5904 =4 A CE £H P_Tl ATH

799 BE BAgEAE 1
BE GYES 99 vhaase] A§A0TH ari ot
232 A o8 GUS 92

Tk, olds S AU, Aeiaele 2
Ae] 945} 1 709 09 G2 2= M ke 943
o ALE HA) HA A7) AN Rolth ALAB



2018 11¥ (JBE Vol. 23, No. 6, November 2018)

=,

2 WEFeE=EA A23A A6

90

Z HIAA wE E v Yol

A o] intensity 1 Iu,v)

o]

A71E WA

i
&

LURE

il

i
&

g

= 7 @A AA

o | A %

F, o 2 e 7HAH

45

A A

el wpage] 0%

K

dofl el A A1) 2ol

A
v

ATE =

AZ @A AL e Gl vzl

o) A 19] 7 zH)

W eluw)S

9/]
Aol

Ak

b, 18] i) BE 9

S

L
L

3

1216 HAel 0] 32 2

[e)
4

2~

(M

B
3
=
8_M
L_l
B
3
=
8_M
I
B
=
(8]
=3
- N
B o
oy ™
TR o
o
%o
Bo N
N
XoR
A
O
] o
o7
T A
0
& ojm
e
G
of o
o
S Hr
v
> N
=

RO K W
o N T X
_— T
T Ko ° X
I
OT.Eﬁw__l\.UM
oo 'S
‘Ll‘,ﬂ/HﬂL'l.e
o A N2
ﬂo}e#a
;o‘_]ﬂ
ﬂAIJHJXIJI
AR
o = T
o
S~
N gy
7ﬁ‘lr\_‘_|.lr
NN
N .,0T1FL
e S
= B om
__ o O—E
2o oF —
e R
B M/M\
Pl o] ©
B fe0 o)) o
™ K NE
o % o
TR "
T T
O
o=
erMwmrL
" W %o
o F B
o
ﬂoﬂa..
" J
ofc‘w._ﬁ‘mﬂMM
ol ®o Ty
T oo B A-
H o< o gy
N oa OF
< e = =
CGS
ﬂowﬂ%ﬁr
o= K
T Ew
T N =
uEMEeo
erUru
T e K
~ °o o &

uc}
oo
~ R
x
w o
o X
T R
T E
W B
o] W
- H
X o
i
7mm D_u
7 X
1_L| =8
T 2

.AO
X~ Bo
-

i
o T
< M
oF
(@]
=
€
S
o
(@)
o
o
1S
S
@
C
>
o
o\

ARE ket 3A

e(u,v) + min(Mu—1,0—1),M(u—1,0),Mu—1,0+1))

M(u,v)

q

oy

J2l 6. ClojLfal Z2pye) LmE|Ee

Fig. 6. Process of Dynamic programming algorithm



ok 9] 12 360 VR A 94E 2 W] ZolE o8& seam finding ¥ EE 903
(Da-yoon Nam et al.: Seam Finding Algorithm using the Brightness Difference Between Pictures in 360 VR)

71 99l % Dynamic programming@ H]$23}] ol
FE FolA AFae] AAAE Fe Graph cut ¢ e
Atk T LHAEE o &2
Aol A a7t 7P A HAds Lgs} A 73A
= Ao xEddy 7]H[9]o] o) th.
19 7¢& =
8 st I8 79 3PS

BE 4 SR04 74 A FOR GulelE Be
W, et el v slo) AR Al ) Hae
A oA gk M A b AdetuA Sz ezt
o). ol2ll & stuA Al Aol Bes, shte] &
z 7

751

3
Al
=

mlojzﬁ

7} 5] AL el oY £4 AZE R,

7%= seam finder €225

é
2
O
Hu
1
g
oy 12
m .
=
).
m
i
=}
rln
v
O:

(@) The stitched image by using Voronoi (b) The stitched image by using Dynamic programming

(c) The stitched image by using graph cut

8 7. 7|E seam finder LU2|ESS HESI0] AEIFE ARXIS (EHE M2 AESIA| %3)
Fig. 7. The stitched pictures by using the conventional seam finder algorithms, where the blending process is not applied to compare the perform-
ances of the seam finder algorithms



171 918, AAAES S3EHA BtEE 715S ot £ seam finder&} 2 & & Utk B =Fo| A A¢HelE seam
F4g ALalA @7 2E4F A3 YAl 18 finder 94 AAMS) 2EE A2 EA ) AL, A2
79) 7herlE B W A HPceam)S e Mol BATE FAE A 98 LaFol.
Wtk Seam ﬁndere Sall, EA o3, A4H, 2H F
o] woll Hol= AAM] thao] A e A, AALH 3. 7|1& AEF Y2|ESe EHM
Al0] ARFE HAMe) wEel A $E 9tk T2F]
7, ol A e AAME VEE o] 45 & ZEF ZEIUL A Yl w287 94 29
Parking Lot Column in the building

—I21 8. Alxfoll ofgt 2B ofH
Fig. 8. Stitching error resulted from Parallax

Motorcycle in the road Walking people

T3 9. mAK| SAIof o AE[F ofl2
Fig. 9. Stitching error resulted from moving objects



ST 91 190 360 VRS FASHE 94T 2 W) A0IE 0%

8k seam finding ¥2lE 905

(Da-yoon Nam et al.: Seam Finding Algorithm using the Brightness Difference Between Pictures in 360 VR)

of AT &, FAAX
2% oﬂﬂu A2 o 7kA) AR A L2
T AABS A EAEY 7] AL B2
ol o2 Zmor 2 AR 2 94 HE A
e 914 x}om =4 o} ?i*o :
19 8ol A Kol
FA olFelTh ﬂuﬂa‘roﬂ D‘ﬁﬂ »Wxﬂﬂ
FALA o] FEl7E AR v E A, 249 ‘?J_Tﬂ e
B 2EA G 47 Ak =8 oA @Xg bz
a9, Fhet Az, e SeA 5 T etet S
FHolE Afol® AAsks & Aol7h Hole st
Fogol wAlgth oleg AS 19 9ol HoFa gl
ok 1 9] 7 2ddEel 9fsl 2EAoR AAE s
G ote] BAlE o] UL, o]F o2 Ho|Ay, 2
Atk 53] To ARICR Fha} wE) Zol7}t
E}EE}E ol 7HEtE ol FAZ W, MRE Soe s
le] o] B tr2rk F e B] Aolrk & B¢ &

Bl GelA B717F 543 Wk éﬂrﬂ ek Aol

).

oh B ROl AStels BAY mad $E A o
ARE A 9905 5 WA 9108 8 FANS ¥
gel7) 9 miad F5 Ao,

V. ®etst= ofA= FE Y seam finding

TREE

Aekake v FEue) 7] Roolr ol
S R LSRR a%om °]
8 QUES /NOE reaE BEE otk G4 1 F
ke BAE B A0l oz Bl B4
o} TR HHAS 7K vhea s s

ZAAE 99 el FQF BAH
2E% 283, o|HT G4l W) )
3 W] PREE BA 34 T2
o 1AL FHFHS PRI G 2

Azt E2 o] EAlstt et ZE] 7 ool AojA]
=5 240 AA BEs o s e skt
& =zdA Adets B7] ulE o83 vtad &

o
‘..
&

%— 4 seam finding ¢ 2]5S flowchartZ 3 A] 5}
1032} 7t} A Qe seam ﬁnderT':‘ AdHE B
%94 it WS M R, AdE e F 9Ye

ﬁ‘i—‘i'ﬁf\i SHF G BV YA = EF AR
A

W g,

=

Seam Finding Start

Adjusting Brightness

- N
¢/ Repeat these steps for all pair
of connected image

Cutting Overlap Roi
Converting to Gray Image
Images Binarization

Adjusting Binary Image

’—---------_‘
*---------ﬂ’

Generating Final Masks

4
-

3 10. Mg gidel gualE

Fig. 10. Algorithm of the proposed seam finder

npad FE2 G ‘% lﬂ Z—f_lﬂﬂ“ 73A % 7;‘<
O

= E}M}Xl SEE 3 GAolth & Aol A Agtsh U]
JYoR gdsd 19 113 2, o Iy 74 &
Ag Arstd ot 2ok



906 4EEEE

11,

==

87| ChHIE OIE%t OtA3 F&
Fig. 11. Mask extraction by using the difference of brightness

1. 9 | 5%

2 =l A A W 9 e B bl E ol&-st
EAS WA FEste ke E AAske el
woll, 22 FAA7I2] W77t Bzt of sttt &, ¢b
48] B71E Ml EEAIAToF gt FES
71E s 2571 fl3l, A 7} (intensity) S QU
EAJA Folof gttt B17] ZAr9 Yulo|EE stal Y,
A g7del W) Hatol MAl el wr] W vss

A A23A A6Z, 2018d 11¥€ (JBE Vol. 23, No. 6, November 2018)

Zt},

o] A R(z,y),
A G x3q 2
7o) Aty

G(z,y), Blz,y)9 #HoZ FAH
yEe JAe] BFE [(z,y)E 21(3) 2

I(x,y) = JR(x,y)Z + G(x,¥)2 + B(x,y)? (3)

Hay), AAQRES WA P, B4

o183ted, QElolE A1717] 1% 715



kg 9 196 360 VRS At GAE 2 B7] AelE o438 seam finding ¥3EF 907
(Da-yoon Nam et al.: Seam Finding Algorithm using the Brightness Difference Between Pictures in 360 VR)

A ag ol A(5) F o] AR o), NP= A

Aol g4 A4 Jepdh 23 y) — layg)*
Ly = |2Y) ~ Cavg)” (6)
NP
Lo 2adylCey) )
avg NP 5. &do oftls}

= (1= 100y) + Pug — lang) 2+ |- 229 (5) oV, S LS 03 19] o2t A ol YN
J wa L+1(xy) (Binary image)& WrEoloF ¢t} 23 03 1 T @ 2
| =&

A u 7150] F= AAIF threshold= ol 2] 2)(7)3} 72
oS Rlxy), ay), Blzy) o ¥ R(zy), Glzy), o] 78 4= ). 87| 7 &=7} Threshold Eob ZAY 2
Blz,y) %= QUCIE AI7IH, BE F7F9] B+ #7117t ALl 91A= 09 ghol A=, ¥717% =7} Threshold
v 7k o] A%, ¥719 #538kl 28-S %4 R, G, Hrh & A9 gAel& 19 #ho] AZEh
B 3709 s de] BF 22 7}v‘1§ A-&37] o
A Z(Hue)2] H3FE 1 31A] &2 Aot} o] % FA3. threshold = I,,5 + Iy "N
AolA S0 g HEhA EZQs A TS Al A
st 0=A] W] BEP QR Ui & Aot} 6. O|%I3} H& 2H
2. QHEH ojod =& 99 AH Lz el ot g ob4 rhidm
AHEEE7] o FA g ettt o] lst s B, 22 5ol
ZAA A(seam)S F Aol ZOIA = LHF G ot TFrgo] HRlth o] RAEC] BoW A9 oS F7t
A AAF o ok gtk wEky AANE 27 A, F GAre] Al Q)AL w9 A B e o] Brhd g
QW AT Ao wE Aok st T A = Qlk wjitol 22 2719 #H3AM FE Y
ZAARES AAS Folof gt o] 7%= A3AI717]
3. ZoM SHo= et 3 E%i 1 AT g} Qg o] &gt}
WA, 3145 Ad A7Z ot S FAAA, d
A 84 F AZE AR vkad FEA 28 A 19 % 7F: HAl o] 1 317 9] Aol 19] Fs 7t
A o rE Aejgdeletd Brlek dEE e o 5 gt} ool EEEA A T S o]&8l, 2ot
713 MZE A A Fofof gtk o] & 918 RGB A% E A AARNE o A7 =2 Eol2A ) 1 A Fo)
HSV A= wdtety, 974 Wie BE g9 Ax YA 3170e] A71ETh 22 FYES ofd gloiAwE A
(Hue)s 2 Arfto 2 AA4dth & =idlAes 028 ojth. &, 72 AV|2 IS M F WAL stHA F
AAskeh. 11 the, HSVelA GRAYE WH3HA|A, S A71¢] FHEol HWAYAA lu}

, 8A o T EAC]
A E et ANl AAE Adeoltt V2o R
o FHogR

7
4. So| G, EETA At =9 3] AT BAAS El oAzt 2
= AFT goolofol Adi ST IYE el
S G ollgkE A AR Al A, A ' 2= o) Ba9) b3 e o 28wy gyt A% 3
Al A3Q Fugdel B Ak et L, EEAAL o Zadugd, 258 BAo) /ARt 34E B
= AR Ok Az A B3 AR 98 o Xuhs B vhs



908 W38t =EA A23W A6, 20181 11€ (JBE Vol. 23, No. 6, November 2018)

2% go) ABAAF ¢ B 5
PN AR A2 A AAHE BEole)
A 287, 277 19 AYE AL o) BAAA
o N5g FATT.

o
phA o}

10 F“l

FAAA AAAE B A
W8 S AF vhraAZ W

2 low pass filters
29 QAEHEE 519,
= FH7F Edth

\'
i
Of
=

N

93373 imagel # image2°l thate] Skl 6RAIZEA] ¢t
53 AYNES subimagel, subimage2 2} 3HH H]EHA
2 BA N2 vaa 94 seamimages THETE T
oJare] 7o 91x)9] A = FutelE 09 Fe JHRAE 1S

Nz whazie) e 914 Bae] Agan,

seamimage )
= OR(NOT(subimagel), NOT( subimage2))

l

seamimagel A 19 k= Zh= $12]101 41+ image2¢] vk
Aol 0] Fkol A74=| 3L, seamimagel| A 09] F= ZHe 9
Ao A imagel 9] PlAAE Q0] AFH T

87 wpa39] 99 Ak 7FEXE Fo], B3 B
AN GT&E ) Bk 7pSR7E 1 olEhE YA
U E B350 gl 907 AL E v 7127}
0olat wAzel 7+ 9 x] 9] JAS pehE|o] - ahu)
oJabol| Holz] eki=t} o]Hat ] Z, S Aol A E;]_

#
23 22 %S 7AW ¢ Bk o]Zl0]  seamimages
A W, 9% FAde I E,

V.

=

8 Ha
£ Ao M= 719 seam finding G5 A48t
seam finding ¥¢Y2|H5<S 2EA 2200 LS o,
A GAES A g 71E59 Aes wAEA
ot 7159 47852 E voronoi, dynamic programming,
graph cut ©] Al7HA] ¢ eSS ol &tk 19 129 11
132 s & EAE Fafrte JFAle] wHEoA
A& Q’O st7] ¢ H =4 ‘%O Xﬂﬂoh_’- ztzte] 7ol
= 3 gi-gu} o

&l He

=2 u
‘voronoi’ ¢ ZF <, (b) YA ‘Dynamic programming’

AIHEL, (¢) BA ‘graph cut® L1TEE, (d) A2
AR duEES A4S AHES BTtk £ 439
A G 25 A AYA S6 SM-G20K FHHletE &
g JAfolth. 18 12+ 540x960 ‘B=’ jpg FA 24
2B GAdola, 19 133 19 14% 960 x 540 ‘9%
AT jpg B 18%E 2EAT A A dRES
bl Aol

I8 12¢ 949 AAAS o F4AMZ F UEs, oY
BdE HS A 54 AGR AxAsta EAYS AA
ste] A spiehn} o Agoltt. V0r0n01, Dynamic program-

ming, Graph cut &7 73 vieS I 2 F3sh= 47
o] AAYR T, A FeHE seam findere] 79 AE v}
el 7PgAtEl & weEb ke AAAS 7T 9 128
3] 7#A3 seam finder’t EAE vl A I A 7= seam
ol AHEZ AT F Utk

7 129 A, 19 135 Bl
Zke] B7] ztol & o]&-3l ZA A(seam) S

Atk 138 139 (a), (b), ()oNA & & %1—2—01 712 seam
finderg 288 739, &}, /b, A d=271A] A58k
ZaAIA o] BHEo ZE‘r ol §lall, A|Qtsl= daEES T+
gt A3 4 ()] 2EF A gAe 7htes A

N
-



ek 9] 106 360 VRS dste 4E T W71 AolE ol& ¢ seam finding F1EF 909
(Da-yoon Nam et al.: Seam Finding Algorithm using the Brightness Difference Between Pictures in 360 VR)

A oA, vhete] ZAN0] WEe] Atk 19 2% 18 FEE Ak AANE 15} ATk =t A
139] (@) 94 o, A vhaI £ Aol BAG B /FIS B ¥ £ An

(a) the image stitched by voronoi (b) the image stitched by dynamic programming

(c) the image stitched by graph cut (d) the image stitched by the proposed seam finder
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Fig. 12. The images stitched by using a variety of seam finding algorithms, where the blending process is not applied to compare the performances
of the seam finder algorithms
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(a) the image stitched by voronoi (b) the image stitched by dynamic programming

(c) the image stitched by graph cut (d) the image stitched by the proposed seam finder
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Fig. 13. The images stitched by using a variety of seam finding algorithms, where the blending process is not applied to compare the performances
of the seam finder algorithms
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Fig. 14. The images stitched by using a variety of seam finding algorithms, where the blending process is applied
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