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Abstract

In this paper, we propose a efficient feature point extraction method that can solve the problem of

performance degradation by introducing a preprocessing process when extracting feature points by

utilizing the characteristics of 360-degree realistic media. 360-degree realistic media is composed of

images produced by two or more cameras and this image combining process is accomplished by

extracting feature points at the edges of each image and combining them into one image if they

cover the same area. In this production process, however, the stitching process where images are

combined into one piece can lead to the distortion of non-seamlessness. Since the realistic media of

4K-class image has higher resolution than that of a general image, the feature point extraction and

matching process takes much more time than general media cases.

» Keyword: VR(Virtual Reality), AR(Augmented Reality), Feature Point Extraction, Realistic, Video, OMAF,

MPEG-I
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[I. Preliminaries

1. Feature Point Extraction Algorithms

EAA & duggds 2A 37 Lagsel AR
olo] thgk 5ol thste] HAuwazt gk

SIFT(Scale Invariant Feature Transform) %ilg]
Harris Corner Detector7} 9% 2~A|Y W slo] 7173k FA
Ast7] Y3l 200439 Lowe David Goll <& Aok= A
R Qe AU MshE ohlet G4 3, Akl WE, HA
sl g, 21 wstel] AIAdS 2t itk SIFT ¢ate]s

TR oTE Fig. 1 3 o] 497 = Stk
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‘ Scale Space Extrema Detection ‘

I

‘ KeyPoint Localization ‘

I

‘ Orientation Assignment ‘

I

‘ Description Generation ‘

Fig. 1. Process of SIFT Algorithm
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weighted orientation histogram.
E of weighted gradient
& 0 angles that all within

Fig. 2. Directional Assignment Process are Extracted
by The Gradient Direction and Size
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Gaussian Weight Function& ©]-8-3l weightingd}e] 1 =17]
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ANz2ks A8 ok

SURF(Speeded Up Robust Features) ¢ag]5e tha-2
AL &7+ A2 (Multi-Scale Space Theory)E 7]uksh &)
FO.2 Bay(2008)e 23] At Ao, 54 7|EAHFeature
Descriptor)= /353 e dell A -8k al| At A& (Hessian
Matrix)& 7|9ke.2 #EHth SURF ¢ag]52 SIFT ¢arg]
7 U5 A5S BHoFuA SIFT gagSit 58 3
AR darE)Folnh &k S Sl W JE e AR 94

(Integral Image)2 Ab&3IL) dug)5e] 4=+ SIFT &
3 3]
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el el 534 5=, 5 & 24, descriptor
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Fig. 3. Generate Integral Image
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IZ (x) - 1_0]2301(1"7) (Expression 1)
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Fig. 4. Hessian Detection Using Box Filter
L (I,o‘) L. (I,o‘) .............
H(Iﬂ') LLL )L'Ly( ) )
Z,0) Loy \T>0 (Expression 2)
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Haar-like feature &-312]5-2 Violadl <13 2001l Ik
H gaglFo|rt. wE AME 8] Fig. 5. oA At
B(Two-rectangle feature), C(Three-rectangle feature),
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Fig. 6. How to Get Integral Image

D= (4) N (2) N (3) * (1) (Expression 3)
Fig. 6. oA D¢ #7] <& 7817 Ysix= (Expression
Y o] (x1,yD~(x2,y2)2 87] #S =5 gsfof st}

2. Cascade Classifier

Cascade® <37JolA2] A & (Object Detecting)ol] 2~
ol &arglFolt). Haar-like Feature® 2Hd A& k5
& FE AXAo® gy AsoR AEFshE wWAUSTE
Boostingo]2} 3t} Boosting® o] 7710l dEw 4ol

T
Sliding A1A A A& doh s i fi7le Aibel &
Foto] BE el A &A= AL EE&A o)A K] Wi
of £ Hert w2 HE7HE sAbEow A a4
A 279 5wt 28 42715 Aeshs Wit a8
18] Cascade= HHE & AE71E HAF FH 9wt 4
EE A daes
& HolErt

Reject Sub-window

Fig. 7. Process of Cascade classifier
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1. 360-Degree Image Feature Point
Extraction Method

1. 360-Degree Image Feature
A7 wtjol= Uik J4d gE2A
ARgate] 7F 4 & TPdRelll E3E 285t sYe 9
oS dof shtel o Azl slejtk
2Bl o] EAstar FAFo] ofih= HFo] BT F 9
a1 e HjE|ste o

th=s 545 28 Sl Fig. 8. 2 2EA

. Stitching Area in The Image

[¢] h= [S]
S84 & 9 o el A el wolols 2 "k &
=l A viholnto] ZHaL Qe AER 49e &
gatol Ak G ol EIH FE 2 ohHe) HEASE 9
A% & e g Agtdn

2. Stitching Area Extraction Method

oA Aldtels 544 & 2 v e AskE @
Asp7] Heire e o ~EA 49 FE57] At
Fig. 9. ¢ 22 A #Ae] Hasjtt

A HARZ 360% 42 frame 555 181 GOP(Group of
Pictures)?] I-frame % 7|%& AHE3) [-frame 3}k
AT oju A 2H, UE frameS HZFA %7] wlitol] 3

@ ofrA] F%o] F15aie,

T A2 FE3 [-frame ©VAE J|2EIY FU)
(Histogram equalization) & 3l W ¢t TXE FU3} A7
o S| 2ETs #YskE 88 fEiAE WE o) Rk
E AR $, F4 S2Ead ks etk Aafsk AlAih o] %
%4 8| ~Eaf] o] 2AY gt w3t 3w v &
A @dos Fugletelof gttt | AEas fHsE ek
R

] T .
"4 min (Expression 4)
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2] &S AEST TH-AIRE BHE Ae X, SERE
o 93l ojw|A| o AFE TS AAsE ZE|oltt. Eg Y
S GaEFE v Akl 9fgk 3] ghel HiskE o] &
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(Expression 6)

(Expression 5)¥ 22+ g<ro] n)iE 4=
6)2 olxtdlolE|e] A i g2t}

upxute 2 olu|#] Q1A A e|(Thresholding) & 4838l =
o]=& A|A g},

2Jo] a1, (Expression

360-degree Video

I-Frame Capture
Histogram
Equalization

' Gaussian Filtering
& Canny Edge
Detection

Thresholding

Fig. 9. Preprocessing Algorithm
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Haar-like Feature
Image Selection

L

Haar-like Feature
Extraction

Positive sample
Negative sample
learning

Cascade Classifier
‘ Stitching Area ‘
Extraction

Fig. 10. Stitching Area Extraction Algorithm

3. Feature Point Extraction and Matching

71E @, E E=EeA AjtetE A A F ]
SIFT, SURF, ORB9| 455 Mg 3%+ Table 1. ¥ Table
2. o .

T8 vehlen], S FEo] 7 B2 dadSE2 SIFT
eharg]Fol ANt 10msd 545

ae]F 227, SURF €a1]52 197, ORB ¢alE]H 84
Mz AR o] 544 & i ORB 2arglsol 953
e ¢ Atk

e

Table 3. Performance Comparison Based On Robustness
Feature Point Extraction Algorithms

Table 1. Performance Comparison of Original Image
Extraction Algorithms
Time Key Key
(sec) point1 point2 ez
SIFT 8 9,849 10,008 7525
SURF 15 24,180 25,308 17,922
ORB 11 33,753 33,002 17,201
Table 2. Performance comparison of image extraction
algorithms after preprocessing
Time Key Key
(sec) point1 point2 ez
SIFT 0.10 222 257 186
SURF 0.06 116 128 102
ORB 0.02 168 187 125
Table 1. & 7]& We] 54H 35 dagss AHato]
FE3 s Aol Table 2. & 2HA = 49 o|ux&
7|gho R ERA 35 SagSS AR o|n|AE mi gk Aol
9 BeH7te FEl 2 el Aljkshe A AAE A
A Qo) 71 Purt PPE S AT 5 Uk =,
Table 2. & 2EA o= 495 FET olv|A ¢} ¥y ofn]x|
o 7 544 #% dudF %S vehd Aotk 544 F
F7H4 9] 28413k ORB date]Fel 0.02%2 71 whe 7

SIFT SURF ORB

Time Mat— Time Mat— Time Mat-

(sec) ches (sec) ches (sec) ches

Intensity 0.13 183 0.04 119 0.03 168
Rotation 0.16 166 0.03 110 0.03 158
Scaling 0.25 232 0.08 136 0.02 181
Shearing 0.13 150 0.04 111 0.03 145
D'T'Sstzre“ysn 0.13 | 143 | 0.04 85 | 0.01 | 125
Noisy 0.12 132 0.06 108 0.03 155

Table 3. & 972 7214 wiA& 98l SIFT, SURF, ORB
EQH 35 sy AsHrtelth AsHrteA 6714 <]
A S

T2 0.03%2 vepgon, 544 mjHe
Wt 7 SIFT ¢arElse] 1687, SURF ¢are]o]
7|, ORB ¢argl&o] 155702 v A= Act,

9] AeH7te] WEH RE gAENA £wt 7bd wE
712 ORB ¢arg]Follom, S ] wjel ek 284
& SIFT Yare]&o] HEa 07 =9kxut ORB Yare]Eol H]

o:
u:

e
X2

3 AAE e e AelEles u, AAFHd aEAe
ORB ¥ag|FHr}t ojZltial & 4=

uehr B =R EAE & dudF T &5 Uy
3 A7 7P £& ORB due)5S ALgsisith

V. Experiments

1. Experiment Environment

Ao A8 A]2EL intel(R) Core(TM) i5-6400 CPU
- 2.70GHz, 8.00GB RAM,°|H, ¥+9AAl= Windows 10
Home(x64) WHo|th. AA AFE3 360% G
3840X1920 3i=e] gifolm, d1udF +dL Python 3.6
ZRIHE ARSIt

2. Experiment Result

Ad ASE 8l oF 18719 360% BAE I-frame &
g5& AMEl FE381913, 258 [Hframe g 570]H,
% she] Zels AAste] Ads FaEeich Al A
449 oJvX|&= Fig. 11. 7 Zth

ki
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Fig. 11. I-Frame Image Extracted from The Image
360—degree Video

Fig. 11. 9] Aol Fig. 9. ¢ @A #HES AXA =4
olmx]e] SFL AeMo wiAL Moz A ot AA
g o= Fig. 12. ¢ 2t}

v Fig. 14. Detecting the Stitching Area by
/ «, b Cascading Classifier
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Fig. 12. Preprocessed Algorithm to Image applied 2EE g Aolt}, 742k9] vy Az g3 2k

!

SrEA1Z o|n A= WA o7 Aol §314]¢] Positive ©]
u| X2} Negative ©|H]A|E 1:3 H|EZE o|u|X]Z A 7T
Fig. 13. & Haar-like Feature 85 o|v]A|&

\
=)

Fig. 13. Haar-like Feature Learning Image

Fig. 15. Original Image Matching by ORB Algorithm

Cascade 7/ ¥¢325S Folo] ~EA 998 HEdS
o oA hFHE FohflE N&S oS3} g, img 1

img2 18

good matchesylzs
Table 4. Extract the Stitching Area by Learning The
Number of Images

lTr?\saiz\lee N|err?aa:;i;e StiAt(r::iang All Area Accuracy
5 15 0 0 0%
10 30 1 2 50%
15 45 3 4 75%

Fig. 16. Stitching Distortion Area Image Matching by
ORB Algorithm

Sohedl Asd 28 i 992 FEE F A ARD pg 15 1 2 ol AlgteRs dAlE) B AR
Bl o= d9e Fig. 14. o Zrh 235.9] oA 2 Ykoz WA Axjolt) YB AL A
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w0 oA v A 1127F 2a8glow, WHEe oF 52%
o). Fig. 16. & 972 314 F 2614 o3 o] ofm 4|2 v}
A, A} 2] wRel Wi A 0.022:8] Abe] £
or, i 4 F Ea o 70%) webd AA $4S 72 Fig.
6.9 ke AAel HAL AN e Fig 15, o Fabnrt
g0l 31 AeHE w3/ o] 7bssi,
% olu]7) vjge] 4% W7H= Table 5. o 2k

32 r?L 38

(o3

ol 5

Table 5. ORB Algorithm Matching Comparison

Time Key Key
(sec) point1 point2 e
Original 11 33,753 33,002 17,201
Image
Stitching
Distortion 0.02 168 187 125
Area Image

=
A &5 =Y

A7 Pl A st thEA T o o)l AekE
AHgstel 7 G F AR ERRE FE SAF 9
% 9o shte] Jgoz FAN Aelth. oleld 59 2ElY
shol WAE 4 93, 9] st A JATu) ok
54% 23 qleh R A4 vidlele] 35 Ak el
544 % 90 oiduc g5 Foloe 27 ek

R 4709 vltefate] A gl 540 Q)
3 duel B4R F% A A AE doslt #AE A2
8] Slste] 2613 9e Aestel Bgahe PES At
ik

AR AAL Fa 2EY AT 9GS Husta, 547

of
ol
>
N
N
o
=

7105, 7142 ATFR ~EH = Jdo g meE A&
I AT E =o|7] 93 At L5t
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