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ABSTRACT

The increase in number of streaming platforms and contents thereof, owing to an advancement of cloud environment, has
triggered the rapid proliferation of illegally replicated contents as well as legal contents. This necessitates the development of
technology capable of discriminating the copyright infringement of various contents. The Korea Copyright Protection Agency
operates a video content demonstration system using Al but it has limitations on distortions such as resolution changes. In
this paper, we propose the powerful mechanism using skeleton, which is resistant against distorted video contents and
capable of discriminating copyright infringement of platforms streaming illegal video contents. The proposed mechanism
exploits the calculation of Hamming distance to the original video by converting collected data into binary ones for the
efficient calculation. As a result of the experiment, the proposed mechanism have demonstrated the discrimination of illegally
replicated video contents with an accuracy of 94.79% and average magnitude of 215KB.
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Distorted Video
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Original Video Repl | Video
Video Video
Length 01:40:47 Length 01:40:49
Frame width 1920 Frame width 640
Frame height 1080 Frame height 360
Datarate 3817bps Data rate 293kbps
Total bitrate 4011kbps Total bitrate: 38%bps
Frame rate 29.97 frames/second Frame rate 29.97frames/second
Audio Audio
Bit rate 194kbps Bit rate 96kbps
Channels 2 (stereo) Channels 2 (stereo)
Audio sample rate 48.000kHz Audio sample rate 44.100kHz

Fig. b. Example of Resolution Change

Table 1.2 3% A4S d=H= g
olv ¥ dAte] 1080p 3 = 3
Aol B ogAalnur) J& FAte

°F 86.5%°] <3 873 g o
FE3 3 9, 270p HPEE 744 el Hz o)
HEE AT Qs 2E dAsseh, w1, 25%9]

Table 1. Resolution Change in sample data

Original Distributed Count

Resolution Resolution

1920x1080 (1080p) 26

1280x720 (720p) 75

1920x1080 854x480 (480p) 17

(1080p) 640x360 (360p) 25

480x270 (270p) 1

Cropping Resolution 48
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Original Video ——  Partially Copped Video ——
Video Video
Length 00:59:16 Length 01:04:06
Frame width 854 ‘ Frame width 800
Frame height 480 Frame height 448
Data rate 1031kbps Data rate 587kbps
Total bitrate 1128kbps Total bitrate 678kbps
Frame rate 29.97 frames/second Frame rate 29.97 frames/second
Audio Audio
Bit rate 97kbps Bit rate 91kbps
Channels 2 (sterea) Channels 2 (sterea)
- Audio sample rate 24,000 kHz Audio sample rate 44100 kHz
po you need ‘money

é'somethlng el seyou want? §

Fig. 8. Example of Cropping

Fig. 6. Example of Add Text
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Table 2. Accuracy Comparison of OpenPose
Models

Recognized Key Running
Bloeie Skeleton Point Time

COCO 2 people 18 1.38ms

MPI 6 people 15 1.34ms

BODY25 7 people 25 0.71ms
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Table 3. Normalization Results for the number
of People Counts

10 4 24 14.28 294.7
15 8 20 28.57 1416
20 8 20 28.57 2239

Table 4. Normalization Results for the number
of Frame Counts

Frame Match Mis Accuracy Time
atc
[
Count match (%) (s)
Progress ——p
Result - ---p
Frame 1 [ Frame 2 | Frame 3 | Frame n l
T
1
. |
: Skeleton Extraction
'
: +
h J
Frame Frame Frame Frame
Skeleton 1 Skeleton 2 Skeleton 3 Skeleton n
People People People People
Count : 25 Count: 24 Count: 23 Count: 25
T T
i i ]
| '
H | Grouped by the Number of People
| '
¥
Skeleton Skeleton Skeleton Skeleton
Group 1 Group 2 Group 3 L Group m
Avg People Avg Peaple Avg People Avg People
Count : 24 Count: 14 Count: 19 Count: 5
Sorted by Average the Number of People
- 4
Skeleton Skeleton Skeleton Skeleton
Group 1 Group 2 Group 3 Group m
Avg People Avg Peaple Avg People Avg People
Count : 24 Count : 19 Count: 14 Count: 5
Normalize the Number of People and Frame
pomsesesssesesaeaae 1
h ]

Frature Frature Frature Frature Frature
Block 1 Block 2 Block 3 Block 4 Block 5
Avg People Avg Peaple Avg People Avg People Avg People
Count : 14 Count: 12 Count: 10 Count : 8 Count: 6

Fig. 14. Generation Process of Feature Block
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Table 5. Normalization Results for Matrix Sizes
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Algorithm 1 Hamming Distance Calculation between People

lbiocki = AVG(R,, Ry, Ry, | Iblock2-5 | Chiock1 I Chlocka-4 | Chlocks I

Set hamming : Calculation Hamming Function
Il]pllt: iu/luf_[lr r)[ﬁ]« , camp_pe 4)[!]4‘
ScoreList = ||
for i = 1 to input_pecople do
Score =0
minScore = 9999
for j = 1 to camp_people do
Score = hamming(input_people[i], camp_people|j])
if minScore > Score then

minScore = Score
end if
end for
ScoreList add minScore

end for
return Average(ScoreList)

Fig. 18. Pseudo Code of Hamming Distance
Calculation between People
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Calculation of the Frame
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Fig. 20. Hamming Distance Calculation of The
Frame
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Calculation of the Feature Block
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Algorithm 2 Hamming Distance Calculation between Video
Input: Input_Data, Original _Data
dataScoreList =[]
for i = 1 to Input_Data do
tempScoreList = []
for j =1 to Original_Data do
frameScoreList =[]
for k = 1 to Original_Datali] do
ScoreList = ||
for = = 1 to Original_Datalj] do
ScoreList add Algorithm1(Input_Datali][k],
Original _Datalj][=])

end for
frameScoreList add Average(ScoreList)
end for
tempSecoreList add Average(frameScoreList)
end for
dataScoreList add Min(tempScoreList)

end for
return Min(dataScoreList)

Fig. 22. Pseudo Code of Hamming Distance
Calculation between Video
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Table 6. Experimental Environment

CPU Intel i7-9700 CPU @ 3.00GHz
Memory Samsung PC4-21300 16GB

GPU NVIDIA GeForce RTX 2080

0S Windows 10 Professional
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Table 7. Test Dataset

Dataset Count
Original Video Data 50
Video Data on Illegal OSP Site 180
Video Data on Legal Streaming 12
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Table 9. Experimental Results
. . Official Prediction Hamming | Running | Feature
Laypiwis. Yileleo Tiile Title Title Distance Time Size
Watch Special Laws of Special Laws of Special Laws of
Romance Episode 1.mp4 Romance Ep. 1 Romance Ep. 1 0.375 135.98s 113KB
Watch Ar;dl‘:;f Bpisode | )\ dante Ep. 2 Andante Ep. 2 0.627 220.39s | 304KB
fff1077250chfe6822e7aafd . .
£6391283. mp4 Myeoneulagi Ep. 2 | Myeoneulagi Ep. 2 0.273 205.95s 329KB
?ﬁ:ﬁigg&??ﬁ?}e ;pzi Honest Candidate | Honest Candidate | 0.184 89.22s | 117KB
afb8fc6e832885242fc1d27
704426841 mpd Room No.7 Room No.7 0.532 222.02s 332KB
King of Baking,
. 0.476 270.93 163KB
King of Baking, Kim Takgu Ep. 1 s
EP.2.720p.mp4 Kim Takgu Ep. 1 Ki f Baki
' ing oF Baxing, 0.525 276.34s | 203KB

Kim Takgu Ep. 2




Fig. 28. Example of The Video Having the
Same Introduction
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Table 10. Comparison Results of Existing
Mechanism

Proposed Rate
Contents an Mechanism | (%)
Input 123.300 123,570 -
Frame
Hamming | 5,5 0.375 8.7
Distance
Feature |7/ 7a9kp 133KB | 99.8
Size
Running | 190 39 44.09s 99.1
Time
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