
ȴɇɍɔɖ ɖɆɗɞɎɖɋɓɎɏ 
ɗɘɆɓɊɆɖɘɆ H.264
Ɏ ɘɋɓɊɋɓɜɎɎ ɖɆɍɈɎɘɎɥ
ɐɔɊɋɐɔɈ ɓɔɈɔɉɔ ɕɔɐɔɑɋɓɎɥ

ȦɑɋɐɗɆɓɊɖ ȨɔɖɔɓɔɈ

Video Group
CS MSU Graphics & Media Lab
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ȷɔɊɋɖɌɆɓɎɋ

Â ȨɈɋɊɋɓɎɋ

Â ȳɋɐɔɘɔɖɡɋ ɆɑɉɔɖɎɘɒɡ Ɏɍ H.264

Â ȶɆɗɞɎɖɋɓɎɥ H.264

Â ȳɔɈɡɏ ɗɘɆɓɊɆɖɘ H.265

Â ȨɡɈɔɊɡ

2
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ȨɈɋɊɋɓɎɋ

ȷɘɆɓɊɆɖɘ H.264 / MPEG-4 Part 10 / AVC

Â ȶɆɍɖɆɇɔɘɆɓ Ɉ 2003 ɉɔɊə

Â ȶɆɍɖɆɇɔɘɝɎɐ ð JVT (Joint Video Team)

Â VCEG (ITU-T Video Coding Experts Group)

Â MPEG (ISO / IEC Moving Picture Experts Group)

3
Overview of the H.264/AVC Video Coding Standard.Thomas Wiegand et al., 
IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, 
VOL. 13, NO. 7, JULY 2003
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ȴɗɓɔɈɓɡɋ ɔɗɔɇɋɓɓɔɗɘɎ

Â ȳɋɗɐɔɑɢɐɔ ɖɋɚɋɖɋɓɗɓɡɛ ɐɆɊɖɔɈ
Â ȮɋɖɆɖɛɎɥ B-ɐɆɊɖɔɈ
Â ȵɋɖɋɒɋɓɓɡɏ ɖɆɍɒɋɖ ɇɑɔɐɆ (ɔɘ 16x16 Ɋɔ 4x4)
Â ȨɋɐɘɔɖɆ ɊɈɎɌɋɓɎɥ, ɈɡɛɔɊɥɟɎɋ ɍɆ ɉɖɆɓɎɜɡ 
ɐɆɊɖɆ

Â ȨɋɗɆ ɖɋɚɋɖɋɓɗɓɡɛ ɐɆɊɖɔɈ
Â ȵɖɔɗɘɖɆɓɗɘɈɋɓɓɔɋ ɕɖɋɊɗɐɆɍɆɓɎɋ Ɋɑɥ intra-
ɇɑɔɐɔɈ

Â Inloop deblocking
Â CABAC (Context-based adaptive binary coding)
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ɖɋɆɑɎɍɆɜɎɎ

Â x264

Â MainConcept (DivX 7)

Â Elecard

Â Intel IPP

Â Nero

Â QuickTime

Â Ɏ ɒɓɔɉɎɋ ɊɖəɉɎɋ

5
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ȷɔɊɋɖɌɆɓɎɋ

Â ȨɈɋɊɋɓɎɋ

Â ȳɋɐɔɘɔɖɡɋ ɆɑɉɔɖɎɘɒɡ Ɏɍ H.264

Â ȲɋɘɔɊɡ ɐɈɆɓɘɔɈɆɓɎɥ

Â ȵɗɎɛɔɈɎɍəɆɑɢɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ

Â ȶɆɗɞɎɖɋɓɎɥ H.264

Â ȳɔɈɡɏ ɗɘɆɓɊɆɖɘ H.265

Â ȨɡɈɔɊɡ

6
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ȲɋɘɔɊɡ ɐɈɆɓɘɔɈɆɓɎɥ

Â ȴɇɡɝɓɔɋ ɐɈɆɓɘɔɈɆɓɎɋ

Â ȮɗɕɔɑɢɍɔɈɆɓɎɋ deadzone

Â TrellisɐɈɆɓɘɔɈɆɓɎɋ

7
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ȲɋɘɔɊɡ ɐɈɆɓɘɔɈɆɓɎɥ
Deadzone

Â ȰɔɣɚɚɎɜɎɋɓɘɡ DCTɎɒɋɤɘ ɖɆɗɕɖɋɊɋɑɋɓɎɋ 
ȱɆɕɑɆɗɆ

Â ȵɋɖɋɊ ɊɋɑɋɓɎɋɒ ɓəɌɓɔ ɗɒɋɗɘɎɘɢ ɜɋɓɘɖ 
ɖɆɗɕɖɋɊɋɑɋɓɎɥ ɇɑɎɌɋ ɐ ɓəɑɤ

8X264: A HIGH PERFORMANCE H.264/AVC ENCODER. Loren 
Merritt and Rahul Vanam
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ȲɋɘɔɊɡ ɐɈɆɓɘɔɈɆɓɎɥ
Trellis quantization

Â ȶɆɗɗɒɔɘɖɎɒ Ɉɋɐɘɔɖ Ɏɍ 64 ɐɔɣɚɚɎɜɎɋɓɘɔɈ 
ɐɈɆɓɘɔɈɆɓɎɥ

Â ȰɆɌɊɔɒə ɐɔɣɚɚɎɜɎɋɓɘə ɇəɊɋɘ 
ɗɔɔɘɈɋɘɗɘɈɔɈɆɘɢ ɔɊɓɆ ɗɘɆɊɎɥ (stage)

Â ȴɇɔɍɓɆɝɋɓɎɥ:

Â Level state Lj(i): i -ɘɡɏ ɐɔɣɚɚɎɜɎɋɓɘ Ɏɒɋɋɘ 
ɍɓɆɝɋɓɎɋ J

Â Run state: Rk(i) i -ɘɡɏ ɐɔɣɚɚɎɜɎɋɓɘ Ɏ k-1 
ɕɖɋɊɡɊəɟɎɛ ɐɔɣɚɚɎɜɎɋɓɘɔɈ Ɏɒɋɤɘ ɍɓɆɝɋɓɎɋ 0

Â ȧəɊɋɒ ɒɎɓɎɒɎɍɎɖɔɈɆɘɢ ɚəɓɐɜɎɤ R + ȈD

9
Trellis-Based R-D Optimal Quantization in H.263+. J.Wen, 
M.Luttrell, J.Villasenor, IEEE Transactions on Image Processing, 
Vol.9, No.8, Aug. 2000.
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ȲɋɘɔɊɡ ɐɈɆɓɘɔɈɆɓɎɥ
Trellis quantization

Â ȵɔɗɑɋɊɔɈɆɘɋɑɢɓɔɗɘɢ
ɕɖɎɓɥɘɎɥ ɖɋɞɋɓɎɏ
Ɉ ɈɎɊɋ ɉɖɆɚɆ

Â ȭɆɊɆɝɆ ɕɔɎɗɐɆ 
ɔɕɘɎɒɆɑɢɓɔɉɔ ɕəɘɎ

Â ȦɑɉɔɖɎɘɒ ȨɎɘɋɖɇɎ

10
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ȲɋɘɔɊɡ ɐɈɆɓɘɔɈɆɓɎɥ
Trellis quantization

ȶɋɍəɑɢɘɆɘɡ Ɋɑɥ x264

Â ȷɐɔɖɔɗɘɢ:

Â no trellis: 3.63 fps

Â trellis: 3.05 fps (- 16%)

Â ȷɖɋɊɓɎɏ PSNR:

Â no trellis: 44.090

Â trellis: 44.216

11
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ȷɔɊɋɖɌɆɓɎɋ

Â ȨɈɋɊɋɓɎɋ

Â ȳɋɐɔɘɔɖɡɋ ɆɑɉɔɖɎɘɒɡ Ɏɍ H.264

Â ȹɑəɝɞɋɓɎɥ ɒɋɘɔɊɆ ɐɈɆɓɘɔɈɆɓɎɥ

Â ȵɗɎɛɔɈɎɍəɆɑɢɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ

Â ȶɆɗɞɎɖɋɓɎɥ H.264

Â ȳɔɈɡɏ ɗɘɆɓɊɆɖɘ H.265

Â ȨɡɈɔɊɡ

12
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ɔɕɘɎɒɎɍɆɜɎɥ

Â PSNR ɓɋ əɝɎɘɡɈɆɋɘ ɗɘɖəɐɘəɖɓəɤ ɗɑɔɌɓɔɗɘɢ 
ɎɍɔɇɖɆɌɋɓɎɥ

Â ȵɔɒɎɒɔ PSNR ɕɖɎ ɐɔɊɎɖɔɈɆɓɎɎ ɓəɌɓɔ 
əɝɎɘɡɈɆɘɢ ɖɆɍɓɎɜə Ɉ ɗɑɔɌɓɔɗɘɎ ɒɋɌɊə 
ɎɗɛɔɊɓɎɐɔɒ Ɏ ɖɋɍəɑɢɘɆɘɔɒ

13
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ɔɕɘɎɒɎɍɆɜɎɥ

source

14
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ɔɕɘɎɒɎɍɆɜɎɥ

no psy

15
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ɔɕɘɎɒɎɍɆɜɎɥ

psy-rdo

16
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ɔɕɘɎɒɎɍɆɜɎɥ

source

17
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ɔɕɘɎɒɎɍɆɜɎɥ

Â source: 1024x560

Â no psy: 500 kbps

Â Y-PSNR: 41.861 dB

Â SSIM: 0.9736

Â psy-rdo: 500 kbps

Â Y-PSNR: 40.994 dB

Â SSIM: 0.9697

18
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ȷɔɊɋɖɌɆɓɎɋ

Â ȨɈɋɊɋɓɎɋ

Â ȳɋɐɔɘɔɖɡɋ ɆɑɉɔɖɎɘɒɡ Ɏɍ H.264

Â ȶɆɗɞɎɖɋɓɎɥ H.264

Â FRExt

Â SVC

Â MVC

Â ȳɔɈɡɏ ɗɘɆɓɊɆɖɘ H.265

Â ȨɡɈɔɊɡ

19
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FRExt

FRExtïFidelity Range Extention

Â ȶɆɗɞɎɖɋɓɎɋ ɕɖɎɓɥɘɔ Ɉ 2004 ɉɔɊə

Â ȶɆɗɞɎɖɋɓɎɋ ɕɔɊɊɋɖɌɎɈɆɋɒɡɛ ɜɈɋɘɔɈɡɛ 
ɕɖɔɗɘɖɆɓɗɘɈ
Â YUV 4:2:2

Â YUV 4:4:4

Â ȼɋɑɔɝɎɗɑɋɓɓɔɋ ɕɖɋɔɇɖɆɍɔɈɆɓɎɋ ɇɑɔɐɔɈ 4x4 
Ɏ 8x8

Â ȲɆɘɖɎɜɡ ɐɈɆɓɘɔɈɆɓɎɥ

Â ȹɑəɝɞɋɓɎɋ lossless ɐɔɊɎɖɔɈɆɓɎɥ

20
1.Overview and introduction to the fidelity range extensions. G. 
J. Sullivan, P. Topiwala, and A. Luthra SPIE Conf. on Digital 
Image Processing, Aug 2004.
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ȷɔɊɋɖɌɆɓɎɋ

Â ȨɈɋɊɋɓɎɋ

Â ȳɋɐɔɘɔɖɡɋ ɆɑɉɔɖɎɘɒɡ Ɏɍ H.264

Â ȶɆɗɞɎɖɋɓɎɥ H.264

Â FRExt

Â SVC

Â MVC

Â ȳɔɈɡɏ ɗɘɆɓɊɆɖɘ H.265

Â ȨɡɈɔɊɡ

21
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Scalable Video Coding

Scalable Video Coding(SVC)
Â ȶɆɗɞɎɖɋɓɎɋ ɕɖɎɓɥɘɔ Ɉ 2007 ɉɔɊə
Â ȴɗɓɔɈɓɆɥ ɎɊɋɥ: ɈɔɍɒɔɌɓɔɗɘɢ ɍɆɐɔɊɎɖɔɈɆɘɢ 
ɕɔɘɔɐ ɘɆɐ, ɝɘɔɇɡ ɋɉɔ ɒɔɌɓɔ ɇɡɑɔ 
ɊɋɐɔɊɎɖɔɈɆɘɢ ɗ ɖɆɍɓɡɒɎ əɖɔɈɓɥɒɎ ɐɆɝɋɗɘɈɆ
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Scalable Video Coding
ȵɖɎɑɔɌɋɓɎɥ

Â Ȯɓɘɋɖɓɋɘ-ɈɋɟɆɓɎɋ (Youtube Ɏ ɕɖ.)

Â ȶɆɍɓɡɋ əɗɘɖɔɏɗɘɈɆ ɈɔɗɕɖɔɎɍɈɋɊɋɓɎɥ 
(ɔɘ PDA Ɋɔ HDTV)

Â ȳɋɓɆɊɦɌɓɆɥ ɗɖɋɊɆ ɕɋɖɋɊɆɝɎ ɊɆɓɓɡɛ

Â ȹɗɎɑɋɓɎɋ ɍɆɟɎɘɡ ɇɔɑɋɋ ɈɆɌɓɔɏ ɎɓɚɔɖɒɆɜɎɎ

Â ȶɆɍɓɔɖɔɊɓɆɥ ɗɘɖəɐɘəɖɆ ɗɖɋɊɡ ɕɋɖɋɊɆɝɎ 
ɊɆɓɓɡɛ

Â ȮɗɕɔɑɢɍɔɈɆɓɎɋ Media-Aware Network Elements

23
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Scalable Video Coding
ȼɋɑɎ ɗɘɆɓɊɆɖɘɆ

Â ȶɆɍəɒɓɡɋ ɓɆɐɑɆɊɓɡɋ ɖɆɗɛɔɊɡ (10-50%)

Â ȲɆɑɔɋ əɈɋɑɎɝɋɓɎɋ ɗɑɔɌɓɔɗɘɎ 
ɊɋɐɔɊɎɖɔɈɆɓɎɥ

Â ȲɆɗɞɘɆɇɎɖəɋɒɔɗɘɢ ɕɔ

Â ɈɖɋɒɋɓɎ

Â ɖɆɍɖɋɞɋɓɎɤ

Â ɐɆɝɋɗɘɈə

24

Overview of the Scalable Video Coding. Extension of the 
H.264/AVC Standard. Heiko Schwarz, Detlev Marpe,and Thomas 
Wiegand, IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS 
FOR VIDEO TECHNOLOGY, VOL. 17, NO. 9, SEPTEMBER 2007
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Scalable Video Coding
ȲɆɗɞɘɆɇɎɖəɋɒɔɗɘɢ ɕɔ ɈɖɋɒɋɓɎ

Â B-frames 
hierarchical

Â Nondyadic
hierarchical

Â Delay of zero
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Scalable Video Coding
ȲɆɗɞɘɆɇɎɖəɋɒɔɗɘɢ ɕɔ ɈɖɋɒɋɓɎ
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Scalable Video Coding
ȲɆɗɞɘɆɇɎɖəɋɒɔɗɘɢ ɕɔ ɖɆɍɖɋɞɋɓɎɤ

Macroblock coding:
Â Motion prediction (M)
Â Inter -layer residual prediction (R)
Â Intra -prediction (I)
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Scalable Video Coding
ȲɆɗɞɘɆɇɎɖəɋɒɔɗɘɢ ɕɔ ɖɆɍɖɋɞɋɓɎɤ
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Scalable Video Coding
ȲɆɗɞɘɆɇɎɖəɋɒɔɗɘɢ ɕɔ ɐɆɝɋɗɘɈə

Coarse -grain scalable coding
Â ȹɖɔɈɓɎ ɐɔɊɎɖəɤɘɗɥ ɗ ɖɆɍɓɡɒ ɞɆɉɔɒ 
ɐɈɆɓɘɎɍɆɜɎɎ ïDQP (delta QP)

Â Ȯɗɕɔɑɢɍəɤɘɗɥ ɘɋ Ɍɋ ɒɋɘɔɊɡ ɒɆɗɞɘɆɇɎɖɔɈɆɓɎɥ, 
ɝɘɔ Ɏ Ɋɑɥ ɒɆɗɞɘɆɇɎɖɔɈɆɓɎɥ ɕɔ ɖɆɍɖɋɞɋɓɎɤ

Medium -grain scalable coding
Â ȨɔɍɒɔɌɓɔɗɘɢ Ɉ ɑɤɇɔɏ ɒɔɒɋɓɘ ɕɋɖɋɐɑɤɝɎɘɢɗɥ 
ɒɋɌɊə əɖɔɈɓɥɒɎ ɖɆɍɓɔɉɔ ɐɆɝɋɗɘɈɆ

Â ȨɔɍɒɔɌɓɔɗɘɢ ɖɋɐɔɓɗɘɖəɐɜɎɎ ɐɆɊɖɔɈ ɓɎɍɐɔɉɔ 
ɐɆɝɋɗɘɈɆ ɕɔ ɐɆɊɖɆɒ ɇɔɑɋɋ Ɉɡɗɔɐɔɉɔ ɐɆɝɋɗɘɈɆ
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Scalable Video Coding
ȲɆɗɞɘɆɇɎɖəɋɒɔɗɘɢ ɕɔ ɐɆɝɋɗɘɈə
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Scalable Video Coding
ȷɔɈɒɋɟɋɓɎɋ ɕɔɊɛɔɊɔɈ
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Scalable Video Coding
ȨɡɈɔɊɡ

Â ȷɘɆɓɊɆɖɘ ɕɖɋɊɔɗɘɆɈɑɥɋɘ ɉɎɇɐɎɋ ɗɖɋɊɗɘɈɆ, 
ɐɔɘɔɖɡɋ ɒɔɌɓɔ ɎɗɕɔɑɢɍɔɈɆɘɢ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ
ɔɘ ɕɔɗɘɆɈɑɋɓɓɡɛ ɍɆɊɆɝ

Â ȶɋɆɑɎɍɆɜɎɥ Ɏɒɋɋɘ ɊɔɗɘɆɘɔɝɓɔ ɓɋɇɔɑɢɞɎɋ 
ɓɆɐɑɆɊɓɡɋ ɖɆɗɛɔɊɡ:
Â ~10% Ɋɑɥ ɒɆɗɞɘɆɇɎɖəɋɒɔɗɘɎ ɕɔ ɖɆɍɖɋɞɋɓɎɤ
Â ~10% Ɋɑɥ ɒɆɗɞɘɆɇɎɖəɋɒɔɗɘɎ ɕɔ ɐɆɝɋɗɘɈə

Â Ȫɑɥ əɗɐɔɖɋɓɎɥ ɗɐɔɖɔɗɘɎ ɐɔɊɎɖɔɈɆɓɎɥ ɒɔɌɓɔ 
ɎɗɕɔɑɢɍɔɈɆɘɢ single-loop prediction Ɉɒɋɗɘɔ 
multi-loop
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ȷɔɊɋɖɌɆɓɎɋ

Â ȨɈɋɊɋɓɎɋ

Â ȳɋɐɔɘɔɖɡɋ ɆɑɉɔɖɎɘɒɡ Ɏɍ H.264

Â ȶɆɗɞɎɖɋɓɎɥ H.264

Â FRExt

Â SVC

Â MVC

Â ȳɔɈɡɏ ɗɘɆɓɊɆɖɘ H.265

Â ȨɡɈɔɊɡ

33
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Multiview Video Coding

Â Multiview Video Coding (MVC)

Â ȶɆɗɞɎɖɋɓɎɋ ɕɖɎɓɥɘɔ Ɉ 2008 ɉɔɊə

Â ȴɗɓɔɈɓɡɋ ɎɊɋɎ:

Â ȮɋɖɆɖɛɎɝɋɗɐɆɥ ɗɘɖəɐɘəɖɆ ɐɆɊɖɔɈ

Â ȰɔɖɖɋɐɜɎɥ ɔɗɈɋɟɦɓɓɔɗɘɎ

Â Ȩɋɐɘɔɖ ɔɇɟɋɉɔ ɊɎɗɕɆɖɎɘɋɘɆ

34
CODING TECHNIQUES IN MULTIVIEW VIDEO CODING AND 
JOINT MULTIVIEW VIDEO MODEL, Ying Chen et al, Picture 
Coding Symposium, 2009. 
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Multiview Video Coding
ȮɋɖɆɖɛɎɝɋɗɐɆɥ ɗɘɖəɐɘəɖɆ ɐɆɊɖɔɈ
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