ISSN : 1226-7244 (Print)

ISSN : 2288-243X (Online) j.inst.Korean.electr.electron.eng.Vol.24,No.3,743~753,September 2020
=T 20-03-10 http://dx.doi.org/10.7471/ikeee.2020.24.3.743
67

A 3605 G 5HAE 7 AR A kol A3 AT
A Study on Fingerprinting Robustness Indicators for

Immersive 360-degree Video

_ *
7]:1103 *tﬂ-]ﬂé ,}g-/(ﬂog*,%?lzﬂ*,olzﬂzé*,@d%*

1
-, =

*
Youngmo Kim", Byeongchan Park™ Seyoung Jang”, Injae Yoo™, Jaechung Lee™, Seok—Yoon Kim

Abstract

In this paper, we propose a set of robustness indicators for immersive 360-degree video. With the full-fledged service
of mobile carriers’ 5G networks, it is possible to use large—-capacity, immersive 360-degree videos at high speed anytime,
anywhere. Since it can be illegally distributed in web-hard and torrents through DRM dismantling and various video
modifications, however, evaluation indicators that can objectively evaluate the filtering performance for copyright
protection are required. In this paper, a robustness indicators is proposed that applies the existing 2D Video robustness
indicators and considers the projection method and reproduction method, which are the characteristics of Immersive
360-degree Video. The performance evaluation experiment has been carried out for a sample filtering system and it is
verified that an excellent recognition rate of 952 or more has been achieved in about 3 second execution time.
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A Study on Fingerprinting Robustness Indicators for Immersive 360-degree Video

Table 1. 2D Video's Robustness Indicators.
1. 2D Hake| Zold X|&®

v
ar

Evaluation Item Parameta
Logo Insert 100% Opacity
Font Size 12
Caption Insert | Font Size 16
Font Size 20
Severe Divx 512 Kbps
Compression Divx 700 Kbps
H.264/MPEG-4 AVC
Codec Change | Xvid
WMV
16:9 — 4:3(Top and Bottom Black and White
Aspect Ratio | Processing)
Change 4:3 — 16:9(Right and Left Black and White
Processing)
320+240(QVGA)
Resolution 640+480(VGA)
Change
800480
Frame-rate
Reduction 20 fps
90° Rotation
Rotation 180° Rotation
270°(-90°) Rotation
) Flip Horizontally
Flip
Flip Vertically
Color to
Monochrome 1=0.299xR+0.587xG+0.114xB
Coversion
+18
Brigthness 9
Change -9
-18
Contrast Contrast(120%)
Change Contrast(80%)
Severe Codec Change .
Compress | (H264/MPEG-4 AVC) glasi??n
1(%1_ Codec Change (Xvid) | Font
512kb0s) | Codec Change (Whv) | 57 12
Multi- odec Lhange
Trasnformation Serere Codec Change o
Compress | (HH264/MPEG-4 AVC) Inaslfetrl?n
1(%1_ Codec Change (Xvid) | Font
VX, Size 12
700kbps) | Codec Change (WMV)
Zip Compression
(Original 3-Minute Content)
Zip Compression
Etc (Double Compression)
EGG Compression
exe Compression
exe Compression + Zip Compression
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- 180% 3]
- 270(-90) 3 A

(7) wkAd

HIT S FHl =& 4-3f, &5 whdste] Wadste=
AL gujety, FAA] HFYPLS oS 2

- 73 94

- A
(8) =4 W

Ay HYe FRxE ZWoR wFe BYS
ojulat, FA A WE PP vhF 2 A
Ay wg TS g

- 1=0.299xR+0.587xG+0.114xB
(9) €7 W}

e Fel=E FAS e 2 g4 9Wr|gs
HE st AS gmsk, FAAQ Wy i A
T ued 2o

- 7 QAo wy] ghs +36 WY A

- 7 gAle] ] s 18 By T

- 7 gAle] uy] ghs +9 Wy of

- 7 QAo u] 3hs 36 WE A

- 7 QAo uY] s 18 WY 1 F

- 7 gAle] uy] ghs -9 Wy of
(10) d=

H TS Fel=o A Ao uAds AT 5 9l
A W] F= AlZEA Rl B 9] Apoll EA 9 A
W w7 e] ApolE WEsE S ovsk, TAA
9l ¥y Axe tg gk

- Contrast 120%
- Contrast 80%

lll. Immersive 360—-degree Video Filtering
Robustness Indicators

1. Utilizing Legacy Robustness Indicators for
Immersive 360-degree Video Roustness

Indicators
1% 2D kel AAA AEE S8ee] A7
360 4ol AN AXE A AW AN EL

A ¢kal™ Table 22 19l
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Table 2. 360-degree Video Robustness Indicators.

A Study on Fingerprinting Robustness Indicators for Immersive 360-degree Video 71

2 30T Yok Aol X|E
No Evaluation Item Apply Parameter Remark
1 Logo Insert Change Top, Bottom AppliG(i;c;f)ngiese\r/tidSZttem
2 Caption Insert Auvailable - -
3 Severe Compression Change - -
H.264 (MPEG-4 AVC)
4 Codec Compression Change Apply 360-degree Codec
H.265(HEVC)
5 Aspect Ratio Change Change 1619 <-> 21 -
SD (640+360)
720P HD (1280%720)
6 Resolution Change Change 1080P HD (1920+1080) (YOAL?{?Lyb SG%Effifezggzgluéf; D
4K UHD (3840%1920)
4K Monoscopic (4096+2048)
7 Frame-rate Reduction Available 20 fps -
8 Rotation Change 180° Rotation 90°, 270° Video Cannot Be Played
9 Flip Available - -
10 Color to Monochrome Available - -
11 Brightness Change Available - -
12 Contrast Change Available - -
13 Multi-transformation Available - -
14 Etc Available - -
Cube Map -> ERP
15 Projection Conversion New Projection Coversion
ERP -> Cube Map
Location:  0°, Viewing Angle:120°%90°
Location: 90°, Viewing Angle:120°%90°
16 Monoscopic Cropping New Partial Video
Location: 180°, Viewing Angle:120°%90°
Location: 270°, Viewing Angle:120°%90°
Location:  0°, Viewing Angle:120°%90°
Location: 90°, Viewing Angle:120°%90°
17 Stereoscopic Cropping New Partial Video
Location: 180°, Viewing Angle:120°%90°
Location: 270°, Viewing Angle:120°%90°
18 Move The Base Point New Move The Base Point
8 34 9) ¥k
360%= FFAAES A Al TR AYy H ot/ e el Hleoly IAS k=
o AAE}. o] wjto] 9%, 270%=2] 3] WL A Aol obd whd o] gaks AFgirt, oA AH
S AT 4 glon, 180=2] 312 tinfo] ] g 1805 3] A v A = gk Hnpo] & A
A MABor Aol 7hestr] wiEel 180%= 3] HAow AAAQ 9 Aol 7hssr] wEol
of tite] A FEem st dot/z- Wbl didte] A FEew st
(ox ]
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Fig. 8. Brightness Conversion.
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Fig. 14. Original Video Feature Extraction Algorithm.
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Table 4. Experimental Environment.
4 dY &2
Specification

CPU Intel(R) Core(TM) i7-6700 3.40GHz

RAM 16GB

VGA NVIDA Geforce GTX 1080*2 SLI

SSD 256GB

HDD 2TB

(O8] Windows 10 Pro 64bit
Al T3 GEer dAske AHES HAES
o] 90% old& 1t As Gt A2
T 7R A AA AFEA)S 7IE 2D A
Fis agiE st d¥sida 7 HA AY
(B)2 ¥ w0l A A¥E AAA Azl oigh A
FJom F Ay BF wd% AP 10714 ol o
A Adstdon, 107 A= 458, 3249, 3t
H & el e, Tl vE, 31d, vk, S g
AR AR AR, HMD A4 =g o= 7H7
Wy sl om, 12 E9 A= Table 594 2t

A Askel g H4BAEE sty fsto
AR A7 360% F7F 100719 tEiA F 107HA]

Table 5. Immersive 360-degree Robustness Result.

¥ 5 AZE 360-degree

Zeld Z2n

Item Recognition Recognition Search
Rate(%)(A) Rate(%)(B) Speed(s)(B)

Severe

. 30 97 3.086
Compression
Codec
Change 84 99 3978
Aspect - Ratio &5 % 3245
Change
Resolution
Change 31 97 3.153
Frame-rate
Reduction 50 %2 3067
Rotation 62 97 3.157
Flip 35 97 3.150
Color to
monochrome 60 9% 3.135
Coversion
Monoscopic 23 o8 3.090
Cropping
Stereoscopic 35 86 3388
Cropping
Average 49.5 %.4 3.245
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