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Abstract 

As a new technology of protecting the copyright under opening network 
environment, digital watermarking technology has very wide application prospects 

in commercial video broadcasting, the pay service of digital media of Internet, 
hierarchical visiting of data, tracing and detecting of data, authentication of 

e-commerce and so on. This thesis mainly studies digital video watermarking 
algorithms for copyright protection of digital video products. 

With the development of MPEG-4, this standard is very attractive for a large 

range of applications. Frame-based approach has been migrating to object-based 
approach. Therefore, object watermarking schemes are needed in the MPEG-4 

environment. In this thesis, several novel digital video watermarking algorithms are 
proposed to adapt to the new situation of current digital video watermarking field. 

For the new object-based video compression standard MPEG-4, a object-based 

digital video watermarking algorithm is proposed. Based on shape adaptive discrete 
wavelet transform (SA-DWT) and human visual system (HVS), a watermarking 
embedding method for arbitrarily shaped object using the principle of the 

weighting mean of wavelet block and a blind object watermarking detection 
method using the theory of detection and estimate are proposed. According to the 

basic principle of proposed object watermarking, an image object watermarking 
scheme is presented; then on the basis of the image object watermarking scheme, a 
video object watermarking scheme is presented. Experimental results demonstrate 

that the proposed object watermarking scheme is perceptual invisible and robust 
against many attacks. 

In order to be suitable for the frame-based video compression standard (such as 
MPEG-2), this thesis applies the principle of the object-based watermarking 
algorithm to the frame-based watermarking algorithm. A frame-based video 

watermarking algorithm which extends SA-DWT from arbitrarily shaped region to 
rectangle region is first presented. Then, for MPEG-2 compressed video stream, 
this thesis applies the weighting mean of wavelet block to the one of DCT block 

and proposes a video watermarking scheme for MPEG-2 video stream which 
adopts digital cosine transform (DCT).  

 

Keywords̔Copyright Protection; Video Watermarking; SA-DWT; MPEG-4; 

 MPEG-2; 
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1.1 Ѭ 

ט ᶕ ӊн ᶕ ע ὡӝ ̆ ᶕע ӊ

ї ш ĺĺ ᵩ Ȃӭ …

ע ᴐ ̆ ̆ Ԇ Ө ΰЮ

б ὤУ ⁸ ̆ Ԉ ‾Ȃ УҾέ Ѭ

ᶕ ̆ ȁ ᶕ ‡ֶ̆ ⁮   ׆ Ȃ

У ‟ ע ̆ ѝᶕ ӊнṌ

У Ȃ 

ᶑ  (ᴿ DVDἽ ὤ ת̆(

Ө а ὤ ᾱ ᶑ ̆ Ө ӱ ⁮

ּ ѐ ╗ ᶑ Ȃת ᶕ ̆ ╗

б У ̆ аᾋ ⁮ᶑ ̆ ὁұ Ȃѝҩ ᾱ У

̆ ΰ Э  ҩУ ӊ ᶑ ὤ

ĺĺ ᴇ [1]Ȃ У ⁸ а ̆‾ ᾃ

ẹȁ ȁ ȁ ҉ȁ ӊ ѐ̆ Ԉ

…ᴐ ὲᴐ ̆ ᴐѝ ȁ ᵩ ̆

‍ ᶑ ᶕ ӱ̆ ѝ ӊ ᶑ

ᴇ ׆ Ȃ ὡ̆ꜛ ᾃ ᶕ

⁮ҩ ὲ̆ ҂ а ̆ ₥ ꜛ ̔

ᶑ ȁ ȁ ȁ ᶕ Ȃ 

ᴐѝ Юᶑ ̆

̆ ᴇ ̆ ⁞ ғ ᵏὯұ ᾃ ὲӹ

╗ᶕ ̆ Ҿᶕ Ԉӝ а ὡ ᴇѐ̆ ұ

ᵩ ѝȂ ̆ ‍ ̆ ̆

н ̆ ᴇ ╘ӻ ̆ ╘ έ

︠‍ ₥ Ȃ 

У ︠‍ ̆ ὲέ У

Ὥ ̆ а ȁ ὤ  (а ȁ׆ )̆

Ȃ ‡ ᶑ

̆ ұ ӊ ᶕ ӱ̆ ᴐѝ ᵩ
Ȃ ѐ а ̆ а
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ᶕ  έ Ȃ ҩԈЭ ̆

ᴇ ѐ ὡᶕ ̆  ( ұ

︠‍ ) Ԉ Ȃ 

ᴇ аӨӨ ұ DVDȁנ ȁ

ע ӊ ѐ̆ ѐ̆ ȁᾙҮȁ ȁ ȁ нȁ

ȁּת ᶕ ̆ ᾳЮ ў Ȃ
ᶕ ӊн ὡ̆ ᴇ

╒̆ ȁӻ ȁVOD ѳᶕ н̆ ᴇ

ᶕ н ᴇ Ѯ Ȃ 
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ѝ ₥ᶕ ₥ ѐУэ зέ ₥ Ȃ ꜛ

ᾃ ᶕ ̆ ᴇ ̆ ҂
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ж Ȃ 

ᶕ Ӈ ╗ ̆ ΰ ᾃ УҾ
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ӏא ҩľ ֶĿ̆ ὤ 80ᴍ Ԇ

╗ҩ ֶֶ̆ Э 20э ҩ У

ὰ Ȃ ᶕ ὤ ᴉ ὤȁ ԛѬȁ ӝ б Ὧ
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ӊ ΰ   ὲέת̆ □ а

₥ Ȃ 93 ὲ 95/96 Ԉ н ὰ ̆

ѝ Э Ȃ ӭ Уэ DVD
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‍ ҩ ᶑ ᴐ (CPTWG)

, ⁞ DVDӊ ⁸ ȂCPTWG ΰ ѐ

╖ ⁸ DVD ў ‍, ꜛ ѐ Ь

̆ ᾃ ╗  (CSS)̆ ᶕ  (APS)

 (CGMS)Ȃ1997 ̆CPTWGж ҩ ᴐ  (DHSG)

֓ ₥ ұ Ἴ ̆ ὡ
Ȃ DHSG , ч ╗ὡ⁮DVD

ѐ̆‍⁞ ⁸б ⁸Ȃ ⁸ ԆҩCGMS ╖ Ȃ ‾

CGMS ᶑ ̆ᶑ ⁸ аֶ ̆ӱ

Ὧ Ȃ ὡ ⁸ ִ ұ̔

╖ ҩа CSS ᶕ DVD RAM ̆ ұ Ӱ
ұ У ѐ̆ ῆ Ἵ ֶ   ᶑ ⁸ᶕ

RAM ᴐ  ″ Ȃ

Ө ⁸ Ҿ ῆ ѐ̆ У ̆

а DVDἽ ̆Ԉ ╒Ȃ ӭй

Ὠ IBMȁNECȁSONYȁPHILIPS ̆ѝҩ DVD эέ

ѐ У Ѯ ╗̆ ⁸ ̆

Эҩ Ѯ ̆ NECбIBMὨ ̆PHILIPSȁMacrovisionб

DigimarcὨ Ȃ 

ᴐѝУ ὰ Ўэ ̆

 ш ҂̆ ҩ ̆ ѝ У

ұ ̆ Ҭ ḀȂ 
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ў ᾃ ѝ̔ ұ ᴐ
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ѝҩ ұ ұ ῆ ( MPEG-2)̆ ұ

ұ ұ Ȃ 

ұ MPEG-4 ѐ ̆

ѐ ὡ ̆ ‾ұб MPEG-4 ᶑ ὸ ̆   ұ

Ȃ ̆ ұ ⁮ שּ ѐ̆

ұ ұ ұ ѐȂ ̆ ұ
ұ ῆѐ ѝ MPEG-2̆ MPEG-2 DCT

̆ ԏ҂ ᵏУэ DCT ̆
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ѐ ұ ╗ ḣ ⁮ ұ DCT ╗ ḣ ̆

DCT Ԉ б MPEG-2 ῆᶑ ὸ Ȃ ѝ̔Ԉ

SA-DWT̆HVS ѝ ̆ ╗ ḣ ̆

ұ֗ ὡ ̆ ұ ұ

̕‾ бה ̆ Ȃ 

ұЭ ̆ ‍ѝὩ ̔ У ѝ ̕ ү ѝ
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2.1   

Ἴ б ẹ ⁞̆ ҩ УҾ

̆  ҩΰ а MPEG ὡб

̆ ҩУҾ ұ ұ

ὲִ Ȃ 

 

 

2. 2 б  

 

2.2.1  

‟ У ‟ ẹ Ȃ ̆

У б ұ ẹ Ȃ ẹ б

‟ Уэ ȂУ ̆ ‍ Ȃ

ӹԏ ẹ Ԉ ұ ‟̆ Ҿ

Э ת̆ ч Ҿ ⁞ Ȃ 

Уэ ⁞ᴇ ᶕ ЭȂ ұ ẹ ᶕ̆ Ȃ

ᴳ ӝ ӝ Ԉ̆

̆зᴳ ὡ Ȃ ұ ‟̆ᶕ ︠‍ Ȃ
У נ ̆ ᴳ ӝ

а ҩȂ Ԉ ‡ ⁮ҩ ѝ ᴁȂ 

ї Уэ ѝш ұ ‟ ᶕ ὲ ̆

ᶕ Ԉ ẏ Ȃ а ұ

Ȃ ԏ ұ Ȃ 

Уэ ᴐѝ ẹ ‟ УҮ ╗ҩУ

Ҿ  ̆ ȁ ⅔ Ӈ ̆ Ҿ ᴐ ұ

ѝ25Hz͘ 30Hz ᶕ ̂ ̃̆ У аֶ ӝԏ ̆ ԈУ

э ̆  Ȃ 

ѐұ ẹ ̆ ұ ᶕ
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Ȃת Ȃᴿ DVD ῆ ꜛ Уэ

ᶑ ̆ὲ ᶑ ӊ Э╗Э ̆ᴳ

DVD ῆ ⁸ ᵩ ӊ ⁸ȂDVD ἵ

⁸ ⁸ ẹ ̆ аἵ нЭ ᵩ ѝȂ

ѫ ẹа ὡ֗ᴉ ̆ ѝľ ⁸У Ŀ̆

н ‡ ѝľаἵ ⁸ĿȂ Ҿ ″⁞
ᴐ Ȃ 

У ̆ ₥  ԈЮ ̔ 

(1)   ̂ ὡ ѐ̆

ѐ̃,҂ ̂ Ԉ УԆ ῆ

ӝ Ȃ̃ ᴇ έ Ȃ 

(2) ᴐ̆

Ȃ ѐў ὡ⁮DCT

╟ ѐ̆ ҂ ὡ⁮ ╠ᶕ ѐȂ 

(3) а ὡ ‟Ȃ

ὲ ұ ᶕ ẏ ̆ Ӱ

ὡ ‟̆ ẏ Ȃ 

נ (4) ̆ ⁮ҩ

ѝ ᴁȂ 

 

 

2.2.2  

2.1 ҩΰ а MPEG ὡб Ȃ

У ὡ ᶕ ὡ⁮ ẹ ‟ѐ̆

‟̆ MPEG ̆ ԈἹ‍‾ ұ ẹ

, аֶ ῆMPEG ᴳ , 

MPEG MPEG
‟

ὡ
1

ὡ
3

ὡ
2 2 2

‟

 

2.1 MPEG ὡб  

Fig.2.1 Watermark Embedding and Detection Scheme of MPEG Codec System 
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ұ ὡ ̆ DCT ҂̆ Ԉ DWT

Ȃת ұ MPEG ̆ ұ MPEG

ὡ̆ᾋ ֶ̆ Ȃ 

ү ὡ ὡ⁮MPEG ѐ, ὡ⁮

ѐ Ѯע ѐȂ У ╗ҩ ὡ  , зУ

ᶕ ὡ⁮ ѐ̆ Э ᶕ ӊ
а ת̆ ̆ ұ У ⁸DCT Ѯע

ᶕ ὡ ̆ ᵳұ ⁸‍ ᶕ ⁮ ᶕ Ѯѐ̆

ᵑ ӝ ⁸̆ ⁮ ў ⁮

  ╒Ȃ ү ὡ ѐ̆ У ‾ ѐ

У ‍ĺĺ ╟ Ȃ‾ ẹ DCT ұ ᶕ

̆‾ ╟ MPEG ѐ б Ѯ ּ ᶕ Ȃ 

Ь ὡ⁮MPEG ѐ̆ а ὤ ᾋ

̆ ῏ Ю Ȃת

⁸ᴐѝ ὡᶕ ̆ ╟ Ṧ ѝ̆ У

╟ Ṧ ῏ ὡ ѐ Ȃ 

 

 

2. 3  

 

2.3.1 ұ  

MPEG-4 ̆ ῆ ֳ ̆ ȁ

Internetȁ ȁ ᶕ ȂMPEG-4 ῆ ᾃ ⁸ᴐ̆

б ‟ѐ Ȃ ұ ̂ MPEG-2̃
ұ Ȃ Ю̆ ѝ ȁ ȁ ȁ ȁ

‍ ἷȂMPEG-4 ̂VO, Video Object̃ Ȃ

VOP(Video Object Plane)Э Ȃ ұ ȁ ‍

VOL(Video Object Layer) ȂVOP VO ᴿ̆VOP Ԉ ֗

̆VOLԆ VOP Ȃ VO VOP ᴇ
ᴐ̆ ⅔ȁ Ȃ M̆PEG-4 έ Ӈҵ Ȃ MPEG-4

ἵ ᴇᾃ бᶑ ὲӨӨת̆ ᵏᶑ ̆ ̆ MPEG-4

Ю ұ Ȃ 

ΰ ұ   Ȃ 

(1) Wu[2] ӝ  У ұ2D 3D ‍
Ȃ ѝ ̆ ὡ⁮ ѐȂ
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ὡ⁮ ᴂ‍ ᴐѝ ұ ‍ ѐ Ȃ

‍ ἵ а ‍ Ԉ ̆ ҩ ᴂ‍

Ȃ ᴂ‍ ѐ ᴂҩ Ȃ

Ȃ Ѯ̆ ‍ ִ ұὲ ẹ/

έ Ԉ ᴂȂ ў̆ ѐ

ẹ/ Ȃ 

(2) Kim[3] ӝ   ᴍ (SA-DCT) ұ

Ȃ ẹ ̆ SA-DCT ִұὲ

(Padding) Ȃת ұ ẹ ѐ ע

х Ȃ ̆ ⁸ҩὲ JPEG2000 MPEG-4 Ю ̆ ѝ

JPEG2000 MPEG-4ѐ ҩ Ȃ 

(3) Barni[4] ӝ  ҩУ MPEG-4 Ȃ ‾

׆ ѐ ӑ ‍ DCT ѐע Ѭ

Ὧ ̆ ὡ⁮MPEG-4 Уэ ѐȂ Ҿ

ע ӱMPEG-4 ѐ   ̆ ὡ ̆ ᾋ Ѯ

 Ȃ ў ұ̆ ұԆ ὡ⁮ MPEG-4

̆ ֒ ⁮ У ̂ MPEG-2̃ ̆ ᶕ

х Ȃ 

(4) Piva[5] ӝ  ҩУ MPEG-4 Ȃѝҩ

έ ӹ̆ԏ Ѯ₥У У ‟ ὡȂ

Уэ ұ̆ ѐ ̆ ὡ⁮ Ҿ
MPEG-4 Ȃὲ ұ ‟

ὡ ‍ Ȃ ѝ ὡ⁮MPEG-4

ѐ Уэ ѐ Ȃ ұ ẹ

̆ ὡ⁮ 0 3э ̆ Ҿ

ὡ שּ х Ȃ 

 

2.3.2 ұ  

MPEG-1 MPEG-2 ұ ̆ὲ ѝ ╟

Ṧ Ȃ MPEG-2ѐꜛ I ̆P B ȂI ѝ ̆ P B

ѝ ╟ Ṧ Ȃ ΰ а Ĭ Ἴ ‍→ 8x8

‾ DCT ̆ P B ╟ Ṧ̆ὲ ᶕ

ᾋ Ȃ 

Ю ΰ Ԇ ұ Ӯ ̆ Ҿ

ұMPEG-1 MPEG-2 ̔ 
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(1) Hartung[6]  ҩ MPEG ̆ ѐұ ‟

Ȃӹԏ ҩУ ᶕ ̆ ╗ ὡ⁮ ѐȂ

⁸ PN׆ ‟ ̆ б ᶕ Ȃ Уᴁ ᶕ

ὡұ эẹ ѐȂ ᶕ У ṁ8x8 DCT ̆

DCT ╗⁮ MPEG DCT ЭȂ I,P,B

ᴐ Ȃ ꜛ DCT аꜛ
⁸Ȃ ұ ֶ ꜛ̆ע

э аУ Ȃת ̆‡ MPEG

DCT Ȃ ӊ ╗Уэᴁ Ṧ ᾱȂ 

(2) Langelaar[7, 8]  ҩч а ᶕ ὡ Ȃ

₥ Ὧ Ѭ̆ ԏ ὲѐ Уэѝᶕ ̆ Уэ ѝ

Ȃᶕ DCT Ԇ

ὡ⁮MPEĠ 1 MPEG-2 ѐȂ ‡ УҾ ҂ת̆

Ȃ У ‍ х Ȃ ὡ У ᶕ ̆ӱ

ѐ У 8x8 ̆ ὲ‍ э ч ȂУ э ѝ16 64Ȃ

DCT ѐ ‍ ȂУ У ѐ ‍ ῏

‮ ̆ӱ ᶕ ὡὲѐȂ 

(3) Chung[9] ҩ ᶕ ̆ ὡ

‟ ὤ б ⁸ ὡ שּ Ԉᴳ Ȃע

҂ ԈӱMPEG-2 ѐ   а

‟Ȃת Ө I ѐ ὡҩ ̆ з ̆
ὡ ̆҂ ̆ὲ ὡ ὡ⁮MPEG-2

ѐȂ 

(4) Swanson[10] ‾ ̆ ὡа

Ȃ ұ ‟ ̆ б

̆ ὡ ‟Ȃ 

(5) Jana[11] ұ Э   ұ ‟

ὡȂ Ԉ₥   Э̆ ὡ ѝ

ὡ Ȃת

ὡ Ȃ 

(6) Jordan  ҩ ὡ⁮ ѐ ╟ Ṧ ╟
ЭȂ ұ ꜛ ╟ ̆נ аֶӊ ֗ᴉ Ȃ

ὡ ᶕ Ԉ ӱ ╟ ѐ   ̆ ᴳ Ȃ

̆ ᴂȂ 
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2. 4  

Ἴ ҩ УҾ ̆ꜛ ᶕ

ұ ̆Ԉ נ Ȃ

 ΰ а MPEG ὡб

Ȃ У ᶕ ὡ⁮ ẹ ‟ѐ̆

‟̆ MPEG ̕ ү ὡ ὡ⁮MPEG

ѐ; Ь ὡ⁮MPEG ѐ̆ а ὤ

ᾋ Ȃ ҩУҾ ұ ұ

ὲִ Ȃ 
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3 ұ MPEG- 4 ῆ 
 

 

3.1   

Э ҩ ̆ ҩУҾ

Ȃ ў ұ ᴇ ῆMPEG-4

ᾳȂ ἼӮ MPEG-4 ╖ ὲ ̆ ұVOP̂ Video Object 

Planẽ Ȃ 

 

 

3.2  MPEG- 4 ╖ б  

MPEG-4 ῆע Ю MPEGж ⁸ Уэ

ῆȂ ῆע ᴐ ұ1993 9 ̆‫ ⁸ Уэ ֶ ȁ

64KbpsԈЮ ῆȂ1994 11 ĬSO э

ẹ(AV) ῆ έ Ӈҵ ȁ ȁ ὡ Ԉ

[12]Ȃ 

MPEG-4 ‫ ̆ὲў ֶ ȁ ᴂ

ת̆ ѐ M̆PEG ⁮ҩч ̆ע ᶢ ‚̆

⁸ ҩ ѬЭ MPEG-4Ȃ ч ע ̔ 

Á ̔ע ֓ ᴳ ұ ֒

έ ̕ ᴇ ҩ Ȃ 

Á ̔ע ᴇᶕ ̆ ⁞ ᶕ

ѝ ұᾃ ᴐ Ȃ 

̆ ұᾃ б ̆ ѐ

ᾃ ᶕ ӱ̆ ᴳ ᴇᶕ ᾃ Ԉ

̆ ᴐ ұ Ȃ

Ԉ ұ ̆ ҩ ұж ֒ ⁸̆ Ԉ ὡ

⁮ ẹ‍ Ȃұ MPEG-4 ѝ̔

ᴇ ̂ў ᵛ ұ ᴇᶕ ᾃ ̃̆ а

Ȃ ̆ Ԉ ╗ὡ Ȃ ұ

Ԉ₥ ұж ֒ а Ȃ 
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MPEG-4бԈ MPEG-1 MPEG-2 ῆ ў ⁞שּ ұ̔MPEG-4

ұ ȂMPEG-4 ̂VO, Video Object̃ ̆

VOP(Video Object Planes)Э Ȃ ұ ȁ ‍

VOL(Video Object Layers) ȂVOP VO ᴿ̆VOP Ԉ ֗

̆VOLԆ VOP Ȃ Ҿ ‟ ע

̆ 3.1 ̆ ԏ Ԉ ѬȂ 

1) Video Session (VS): ὲ ὡ ȂУэ ꜛ эVSȂ 

2) Video Object (VO): ѐ Ȃ 

3) Video Object Layer(VOL): VO ȂVO

Ԉ а ‍ ‍ Э Ȃ Ԉ ꜛ Уэ ҂̆

Ԉꜛ э‍ Ȃ 

4) Video Object Plane(VOP): VO У ₂ Ȃ VO а VOL

‟Ȃ 

MPEG-4 ῆ ұ ̆ ᵳұ ᴐ ⁸ ̆ ּ

ұ ̆ ᴐȂ ұּ ⁸̆

⁸̆ ẹ Ȃ ᴂ ̆ ẹ

⁮ ̆ ̕ MPEG-4ѐ ⁸ Ԉ ұ

̆ ᴳ ᴂ ̆҂ Ԉ‾ ‍ ̆ ұ ὰ Ԉ

‍ УҾ ̆ ұ а ὰ Ԉ ‍ УҾ ̆

ẹ ў Ԉ ⁮ᶑ ȂMPEG-4ѐ ᴐᴳ Ԉ

а ̆ ⁮ ẹȂ ּ ѐ

Ȃ 

ѝҩ ֳ ᴇ ̆MPEG-4аӨᶑ ҩ ῆѐ УҾ ᾱ

VS0 VS1
Video Session

Video Object

VideoObjectLayer

VideoObjectPlane

......

VO0 VO1

VOL0 VOL1

I B B P

VOP0 VOP1 VOP2 VOP3

......

 

3.1 MPEG- 4 ע  
Fig.3.1 Hierarchical Data Structure of MPEG-4 Video 
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̆ з ╒ұУҾ ╖ б ѬȂ Ҿ ╖ ꜛ ̔ 

Á ұ ̕ 

Á ұ б ̕ 

Á б ̕ 

Á ╖ ̕ 

Á ̕ 

Á э ̕  

Á Ю ̕ 

Á ұ ל (scalability)Ȃ  

Ҿ╖ ֶ╗ ᴇ ̆ ӱѐ ̔

ᴇInternetȁ ֶ эӝ ᶕȁӇҵ ᴇ ֒ȁ

ұ ╘ȁἽ Ӈҵ ẏ Ӯȁ Ү֒ ȁ

ȁ ᴇ ᶕȂ 

 

 

3.3  ұVOP  

 

3.3.1  VOP  

MPEG-4 ұ ╖ ̆҂

ѐᴳ ‍→ ȂMPEG-4 Video

ᵏ Ҿ Ȃ 

ѝҩ Ӈҵ ╖ ̆MPEG-4 Video ҩУэ

ṁ" ̂Video Object Planĕ VOP̃ " ̆ 3.2 Ȃ 3.2a

MPEG-1 MPEG-2 MPEG-4 ̆ 3.2b MPEG-4

ᴂ ệVery Low Bit Rate Videŏ VLVB̃ ȂMPEG-4 Video

аẹMPEG-1/-2 Video ẹ ѝ Уэ ̆שּ Ḯ

 
3.2( a)  MPEG- 4 (Э),( b)  MPEG- 4 VLBV (Ю)  

Fig.3.2 (a) Generic MPEG-4 Coder, (b) MPEG-4 VLBV Core Coder 
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ẹ ‍→ ֗ ̆ э

ѐ ὰ ᾃ ̆ ѬѝVOPȂ 

ὡ ֗ VOP̆ ὲ ᴁ ҂ ע Ȃ

ұ VOP ̂Video Objects̆ VÕ̆ ᴿ ̆

Уэ ẹ ӝ̆ 3.2 ȂMPEG-4 ұ

VO VOP ȁ ╟ ᶕ ּ ̆ ԏ Уэ
̂Video Object Layer̆ VOL Ȃ̃ ̆ эVOL

ᶕ ҂ꜛ (bitstream)ѐ̆ Ҿᶕ ꜛ VOL

ẹ ᴉ Ԉ̆ᵳ ẹ ‟Ȃ Ԉ

эVOP ̆ ᵏҩ ‟ Ȃ 

 

3.3. 2 ұ VOP  

MPEG-4 Video эVO ȁ ╟ ᶕ

VOL ̆Ԉᵳ VO Ȃ ὡ ẹ ‟ ꜛ ῆ

ẹ̆ а ̆ ᾳЮ̆MPEG-4 VideoG

҂ бMPEG-1 MPEG-2ᴳ Ȃ 

MPEG-4 Video эVOP ᴳ

MPEG-1 MPEG-2 Video ῆ Э ̆ ҂ Ԉ ẹ ѝ

DPCM (hybrid DPCM/Transform coding)ȂMPEG-4 ҂

Ѭҩ ᾃVOP(Intra-Frame VOP̆ I-VOP) VOP

(Inter- frame VOP prediction̆ ᾗѝP-VOP) ̆ ҂

VOP(B-directionally predicted VOP̆ B-VOP) Ȃ VOP Ѯ ̆

ẹ ‟‍→ ̆ 3.3 Ȃ ѐ Y1ȁY2ȁY3 Y4

ӑ ̆UȁV‍⁞ Ȃ 

 
3.3 ẹ ‟ѐ I - VOP P- VOP  

Fig.3.3 Code Pattern and Macroblock Structure of I-VOP and P-VOP in Video Sequence 
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3.4 ҩMPEG-4 Video ̆ ֗ ὡ

ẹ ‟ Ȃ э ꜛ ҩ ╟ (motion vector)

̆Ԉ Ԉ ᴍ ѝ Ȃ 

MPEG-4 ұ Уэ ִ ̆ᴳ ж

╟ έ(object-based motion prediction tools)Ԉ ѐ

Ҿ ẹ Ȃ 

3.5 MPEG-4 ‟ Уэ ᴿ Ȃ Э

ὤ ̆ ѝspritĕ sprite ̕ Э Уэ

ẹὤ ̆ Ԉ ╟ ᴐ УэVO̕Ю ὤ

Ȃ Ѯ₥ э ẹὤ ӱ ὤ ‟ѐ   ̆ ‍⁞

ԏ ȁּ ̆ ᾋ Ȃ 

 

 
3.4 MPEG- 4 Video  

Fig.3.4 Algorithm Blockdiagram of MPEG-4 Video Coder 

 
3.5 ‟ ᴿ 

Fig.3.5 An Example of Video Sequence Encoding 
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3.3. 3 а ‍  

MPEG-4 ᵏҩ ̆ Ҿ ꜛ ẹ ‍ ȁ

‍ ẹ ᶕ ⁸Ȃ ‍ ΰ У

ᴐѝ ̆ ּ ̆ ּ

ѐ ̆G ╟ ẹ Ȃ ‍ ẹ

ᴳ ẹ ̆ ẹᾋ ḣ ẹ

Ȃ ᶕ ּ ⁸ ̆ ᴂ

ẹ ᶕ Ȃ 3.6 VOP ‍ Уэᴿ

Ȃ 

 

 

3.4   

MPEG-4 ҩ Ԇ ẹ ̆‾ ӝ ̆ӱ

̇   ̆ ұ Ӈҵ╖ ȂMPEG-4

ӱ ұ ּ ұ Ԇ ̆ Ԇ ҩ УԆ

ẹ ̆ ẹ ᶕ ⁸ӊ Ȃ 

 

 

 

3.6 VOP ‍  

Fig.3.6 Scalable Encoding of VOP Spatial Resolution 
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4 ұ  
 

 

4.1   

MPEG-4 ̆ ῆ ֳ ̆ ȁ

Internetȁ ȁ ᶕ Ȃ ұ ұ

Ȃ MPEG-4ἵ ᴇᾃ бᶑ ὲת̆ ᵏᶑ

̆ ̆ MPEG-4 Ю ұ Ȃ  ҩУ

ұ (SA-DWT)[14] ẹб Ȃ

Ἴ ҩ (SA-DWT) ̆   ұ

SA-DWT ̆ Э  ҩ ẹ

Ȃ 

 

 

4. 2  

Уέ ᶕ ֗ S̆A-DWT ֗ שּ ѐ

ѝб έ ̆ ᶑ Ὧ ȁ

נ Ȃ 

֗ Уэ ֒ ᶑ э б

э Ȃ ֗ ч ὲ̆ѐѮУ ᶕ

̆ ̆ ᴂ

э Ȃ ̆ ѫ ᶕ э ұ

Ἴ ᶕ э Ȃת ѝ ₥ ̆

ᶕ ұSA-DWTȂ SA-DWT ̆ ẹ ѐ ᶕ

ᶕ ̆ ̆SA-DWT ᶑ э

б ᶕ э Ȃ 

SA-DWTў ч ‍ Ў ‍ ֗ ẹ‍ ̆

У ‍ ֗ ᴁ ֗ ẹ‍ Ю ȂSA-DWTаӨ Ԉ‍

ṝ ẹ‍ ̆ Ԉ‍ ẹ‍ ̆

ᶑ э б ẹ э Ȃ

ὁ ⅍ Ȃע Ю SA-DWT ̆ Ԉ

ᶑ Ὧ נ Ȃ ү ‍ ‍

‍ Ӱ Ԉ ұ֗ ẹּש Ȃ 
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4.1 ҩУэ֗ ү ‍ Ȃ SA-DWT‍ ѐ̆
҂ ‍ ѝ ̆ Уэ

ѐ ᴁ Ȃ ѝ ẹ ү̆ SA-DWT ұ ῆү

Ȃ э Ԉ ұ ⁮ ұ

̆έᴇ Ю ѐ ֶ Ȃү SA-DWT‍ Ю̔ 

1) ֗ ᾃ̆‾ ᶕ ұ Ȃ 

2) ᾃ ‍ Ȃ 

3) ‾ Ю ‍ У Ȃ 

4) ᴂ ὡᴂ ̆ ὡ

Ȃ 4.1(a)ȁ(b) Ȃ 

5) Юэ ‍ Э Ȃ 

6) ЮУ Э Ȃ 

7) ᴂ У‟ Э Ȃ 

8) LL Э ̆ ⁮ ⁮ ‍ Ȃ 

Э ү SA-DWT ᵏҩУэ ‍ ֗ ѝ ‍

̆ ᶑ ҩ Ὧ ȁ ᶕ Ȃ 4.2(a)

ҩ LL3ѐ Уэ SA-DWT Ὧ Ȃ 4.2 ̆

ѐ ч ᾃ̔ б ȂУ

ѝ0̆ ּ ὡ эּש ѐȂ ̆

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 0 1 2 3 4

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 0 1 2 3 4
L-pass H-pass

Original

L-pass H-pass

(b)(a)

Original

 

 

(c) 
4.1 ү SA- DWT‍ . (a) ȁ(b) Ю   (c) ֗ ‍ ‍ .  

Fig.4.1 2D SA-DWT Decomposition.  (a) (b) Downsampling Scheme of Coefficient 

(c) Multi-resolution Decomposition of an Arbitrarily Shaped Object. 
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Ҿ ὡ שּ х ̆ ѝ שּ ẹ

ѐ Ȃѝҩ ὁ ᾰͅ ԏ ѐ

̆ 4.2(b) Ȃ ̆ э ‍ѝч ̔ ᾃ care

ᾃ don't care Ȃ ̆ don't care а ὡ

̆ Ҿ care ѐ ѝ0̆ Ю ѐ ԏ

У ᶑ аֶ ὡ⁮care ѐ Ȃ 

 

 

4. 3 ұ  

 

4. 3.1 ὡ 

У ̆ ԏ ḣ э έ ̆

ὡ ╗ ḣѐ ὡ э ѐέ Ȃ

ѐ ╗ ḣ Ѭ Ю̔ 

ä
-

=
Ö=

1

1
|)(|)(Ĕ

N

i ii
kIqkI                        )1.4(  

ὲѐ̆Ii(k) ѝ kэ ѐ i э , i=1éN-1 ̆N ѝ ѐ

э ȂI0(k) ѝ k э DC q̆i ѝέ ⸗‍ үḣ

‟̆qiÍ{ -1,1}. 

Ḯ ұ Ҿ Ii ḣ ҩW̆ ѫ 

ᾃ

 
(a)                                (b)  

4.2 (a) SA- DWTѐ Ὧ , (b) ѝ  

Fig.4.2 (a) Parent-child Relation of Wavelet Trees in SA-DWT,  

(b) Reorganization of a Wavelet Tree into a Wavelet Block. 
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  УҾ ╗ ḣέ ᶑ ִ Ȃ 

‟W ѝүḣ׆ ‟̆W(k)Í{ -1,1}̆ Ю ὡ

╗ ḣѐ̔ 

)()()(Ĕ)('Ĕ kWkTkIkI ÖÖ+= a                  )4.4(  

ὲѐ )(ĔkI ѝ k э ╗ ḣ̆Ŭѝ Ȃѝҩ

ұ ̆ ԏ ұӝ ע [16] ұ
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שּ ѐ έ ᴂ ̆   brightness(k) ה

ѐᴂ ӑ ḣ  ̆ texture(k) Ѭѝ ѐ
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Ὠ ̂4.6̃ Ii(k) ̆ ѫI'
i(k) ѝ0ȂDi ѝIi(k)

̆ Ii(k)ѝcare ѐ ̆ ѫ ұcare ѐ

ѝ0̆Di҂ ѝ0Ȃ ̆ аֶ ὡ care ѐ ѐҩȂ 

Ὠ ̂4.6̃ Ю̔ 

̔ 

ԇ )()( kWkT ÖÖ=D a Ȃ Ὠ (4) :  D+= )(Ĕ)('Ĕ kIkI .  

 DÖ=D
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4.3.2  
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ѐ̆ ḣTc̗4Ȃ 

 

 

4. 3.3 ὤ  

ᴐԈЮḮ ̔   ҂ ὡб

Ԇ Ȃ ὨֳὨ ᶕ Өѝ ὡ Ȃ ᴳ  

ѐ ҩ ̂SA-DWT̃̆ з ὡб

Ю‟ᶕת̆ ╗   ̔ 

1)  

2) ̂ Harr, 9/7, 9/3 ̃ 

3) ұӊ έ ⸗‍ ‟q  

4) ұӊ W  

Э ‟ ᴐѝ ̆ ‾ ID╗ ᴳѮаѝὨֳ Ȃ 

 

 

4.4  ẹ  

 

4. 4. 1  

ᾳѐ ẹ ̆ ẹ ̆ з

Ю ѐ ҂ ẹ ̆ ԏ ѐ   ẹ

Ȃ ̆ Ю ѐ ẹ

ᴐѝὲ У ‍Ȃ 

ѝҩ ẹ ѐ ὡ Ԉ̆ᶑ ẹ ̆ ὡ Ю  ̔

1) Ἴ ẹ б ᶕ (SA-DWT)̆ ⁮

̕ 

2) ѝҩ ὁ ὡ⁮ שּ х ̆ ѐ ѝ

̆ ̆ э ‍ѝч ̔ ᾃ care ᾃ don't  

care ̕ 

3) ̆ don't care а ὡ ̆ Ҿ care ѐ

ѝ0̕ 

4) care ὲ╗ ḣԈ ╗

  T(k)̕ 

5) Ὠ ̂4.4̃ ὡ care ╗ ḣѐȂ 
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6) (Inverse SA-DWT)̆ ⁮ ὡ

ẹ Ȃ 

ѝҩӱ ╗ ẹ ѐ ̆ ẹ б

ᶕ (SA-DWT)̆ ⁮ ̆ ѝ

̆ don't care ̆ care ╗ ḣ̆ ╗

╗ ḣ Ὧ ̆ Ὠ ̂4.7̃ Ὧḣᴐ ″

ᾱ̔ Ȃ 

ὡб 4.3ѐȂ 

SA-DWT

ὡ
Inverse
SA-DWT

‟ W

έ ⸗‍
‟ q

User

ID

ẹ

ὡ
ẹ

(a)

ᶕ

╗
ḣ

T

a

Don't
Care 

SA-DWT

Ὧ

‟ W

έ ⸗‍
‟ q

User

ID

ẹ

(b)

ᶕ

╗
ḣ

Don't
Care 

 

4.3 ẹ . (a) ὡ, (b)  

Fig.4.3 Blockdiagrams for Image Object Watermarking Scheme. 

(a) Watermark Embedding, (b) Watermark Detection 
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4.4.2  

ԏ УҾ ẹ ҩ ̆  ҩУҾ Ȃ

ԏ ѐ̆ ԏ Ŭ=2.0Ȃѝҩ 2̆00э

ӊ Ȃ 

ұ ẹ ̆ ԏ ôAkiyoô ‟ѐ У (704x480) ₥

Ȃ б ὡ Ѯ PSNR ѝ43.52dBȂ 4.4 ̆

а ̆ з ὡ ӱ Э б Ȃ 4.5

ҩ б ὡ ̂ 32᷁ ̃̆ ӱ ѐ

⁮ ў ὡ שּ שּ ̆ з ὡ

שּ Ȃ 4.6 ҩ 200э ӊ Ȃ

  

(a)                                     (b) 

4.4 (a) 'Akiyo' , (b) ὡ 'Akiyo' (PSNR= 43.52dB).  

Fig.4.4 (a) Original Object 'Akiyo', (b) Watermarked Object 'Akiyo' (PSNR=43.52dB). 

  

4.5 б ὡ     4.6  200э ӊ  

Fig.4.5 Absolute Difference between the Original    Fig.4.6 Detector Response of the Watermarked Object 

Object and the Watermarked One.             for 200 Randomly Generated Watermark. 
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̂ᴿ ̆ 100э ̃ ұὲ а Ȃ 

ѝҩ ה б   ̆ ԏ ὡ

ҩJPEG ȁJPEG2000 ȁ ȁ╗ ȁ ȁԈ

 Ȃ 

(a) JPEG  

JPEG У ᴳ ẹ ̆ Ȃ

4.7̆ JPEG ẹ ẹ Ю ̆
҂ ѮЮ Ȃ ԏ JPEG ѝ10˿ ̂

4.8̃ ̆ ẹ Э ш ̂ 4.9̃ Ȃ 

(b) JPEG2000  

 
 4.7 ôAkiyoô JPEG       4.8 ôAkiyoô JPEG 10% quality   

                                                   

 Fig.4.7 Watermark Detector Response to the JPEG      Fig.4.8 Detector Response to a JPEG Compression Copy 

 Compressed and Watermarked Object 'Akiyo'.          of the Watermarked Object 'Akiyo' with 10% Quality. 
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JPEG2000 УԆ ұ ẹ ῆ̆ ѐ ԏ
LuraTech LuraWave SmartCompress [18] ╗ὡ ẹ JPEG2000 

̆LuraWave SmartCompress LuraTech 2000 3 ֙ JPEG2000 

ᾗ JPEG2000 ֒Ȃ ὡ ẹ ѝ75˿ Ю

JPEG2000 ѝ9.20Ȃ 4.10 ҩ ѝ65˿ Ю

JPEG2000 ẹ ̆ ҩ ш ̆
ᾳЮ ѝ7.32̆ Ӱ ұ ḣTc ( 4.11)Ȃ 

(c)  

ұ ẹ ̆ ᴿ ҂ ұ ̆

 έ Ȃ ԏ‾ StirMark3.1 [19][20] ὡ ẹ

0.5x0.5 Ȃ Ӱ   ̆

ѝ8.67̆ 4.12Ȃ 

   

4.9 JPEG 10% quality ôAkiyoô      4. 10 JPEG2000 65% quality ôAkiyoô 

Fig.4.9 JPEG Compressed Copy of Watermarked    Fig.4.10 JPEG2000 Compression Copy of the  

Object 'Akiyo' with 10% Quality.                Watermarked Object 'Akiyo' with 65% Quality. 

 
  4.11 JPEG2000 65% quality     4.12  0.5x0.5  

  Fig.4.11 Detector Response to a JPEG2000 Compression      Fig.4.12 Detector Response to 0.5x0.5 Scaled  

  Copy of the Watermarked Object 'Akiyo' with 65% Quality.    Copy of the Watermarked Object 'Akiyo'. 
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(d)╗  

ẹ ּ ѐ У Ȃ ѐ̆ ԏ 20˿

⸗ 10% ╗ὡ ὡ ẹ ̆ 4.13 4.14

Ȃ Ӱ ╖   ̆ ‍⁞ѝ8.93 9.39Ȃ 

(e)  

҂ У ẹ Ȃ ԏ ὡ ẹ

3x3 blur̃̂ע ̂ 4.15̃ 3x3 ѐḣ ̂ 4.16̃ Ȃ

‍⁞ѝ9.02 9.24Ȃ Ҿ ұ ḣTcȂ 

(g)   

УҾ ѐ̆ Уэ ѐ ὡ э ̆ з э

  Ȃ ѐ̆ ẹ Ἴ ὡУ

   

4. 15 3x3 blur̂ע ̃         4. 16 3x3 ѐḣ  

Fig.4.15 Blur Filtered (3x3) Object 'Akiyo'.         Fig.4.16 M edian Filtered (3x3) Object 'Akiyo'. 

   
  4. 13 ╗20% ⸗                4. 14 ╗10%  

  Fig.13. Watermarked Object 'Akiyo' after 20%       Fig.14. Watermarked Object 'Akiyo' after 10%  

  Uniform Noise Adding.                          Gaussian Noise Adding. 

  
4. 17 ὡ                      4. 18 ὡ  

Fig.4.17 Object 'Akiyo' with Four Different Watermarks   Fig.4.18 Detector Response to the M ultiple  

 Watermarked Object 'Akiyo' 

 


