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Ȯɜɒɉɍς: ȧɂɒəɁɍσɄ YɎɄɏɂσɇώɋ Video Streaming σɂ 
ȜσɠɏɊȽɒȽ ȟɜɈɒɓȽ Ɋɂ ȝəσɄ ɒɍ ȫɏɟɒɓɎɍ HEVC. 
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ȫɂɏɜɉɄɗɄ  
 
 

 

ȭɈɍɎɟς ɒɄς ɎɒɓɖɇȽɈɛς ɂɜɋȽɇ Ʉ ɊɂɉɚɒɄ ɈȽɇ ȽɌɇɍɉɟɀɄσɄ ɒɄς ɈɘɁɇɈɍɎɍɜɄσɄς HEVC ɀɇȽ ɓɎɄɏɂσɜɂς video streaming σɂ ȽσɠɏɊȽɒȽ ɁɜɈɒɓȽ Ɋɂ ɁɇȽɔɍɏɂɒɇɈɟ ɏɓɅɊɟ ȽɎɘɉɂɇώɋ.  
 ȭɒɄɋ ɎȽɏɍɠσȽ ɂɏɀȽσɜȽ ɎȽɏɍɓσɇəɃɂɒȽɇ ɒɍ ɋɚɍ ɎɏɟɒɓɎɍ H.ʹ͸ͷ ɀɇȽ ɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ ɈȽɇ ɊɂɒəɁɍσɄ video ɈȽɇ ɍɇ ɁɇȽɔɍɏɚς ɒɍɓ Ɋɂ ɒɍ Ɋɚɖɏɇ σɛɊɂɏȽ ɂɎɇɈɏȽɒώɋ ɎɏɟɒɓɎɍ 
H.ʹ͸Ͷ.  ȜɋȽɎɒɠσσɂɒȽɇ ɂɎɜσɄς σɂ ɀɉώσσȽ ɎɏɍɀɏȽɊɊȽɒɇσɊɍɠ C, ɚɋȽ Ɋɍɋɒɚɉɍ ȽɎɘɉɂɇώɋ σɂ ɂɎɜɎɂɁɍ bit ɒɍ ɍɎɍɜɍ ɂɇσəɀɂɇ ɉəɅɄ σɒɍ ɈɘɁɇɈɍɎɍɇɄɊɚɋɍ Ⱦɜɋɒɂɍ ɎɏɍɈɂɇɊɚɋɍɓ ɋȽ ɂɈɒɇɊɄɅɂɜ ɈȽɇ ɎɂɇɏȽɊȽɒɇɈə Ʉ ȽɎɍɁɍɒɇɈɟɒɄɒȽ ɒɍɓ ɀɇȽ ɒɄɋ ɊɂɒəɁɍσɄ ɒɍɓ. 
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Summary 

 

 

 

The purpose of the project was to study and evaluate the HEVC coding for video 

streaming services in wireless networks with different rate losses. 

 

This paper presents a new model H. 265 for encoding and transmitting video and 

differences with the hitherto dominant standard H.264. Grows well in programming 

language C,   a model losses in bit level which introduces errors in the encoded video 

to determine experimentally the efficiency of the transmission. 
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ȠɓɖȽɏɇσɒɜɂς 

 

 

 ȣȽ ɛɅɂɉȽ ɋȽ ɂɓɖȽɏɇσɒɛσɘ ɒɍɋ ɂɎɇȾɉɚɎɍɋɒȽ ȥȽɅɄɀɄɒɛ Ɋɍɓ Ɉ. ȜɋȽσɒəσɇɍ ȨɒȽɀɇɍɠɈɉȽ ɀɇȽ ɒɄɋ ɎɍɉɠɒɇɊɄ ȾɍɛɅɂɇə Ɏɍɓ Ɋɍɓ Ɏɏɍσɚɔɂɏɂ ɀɇȽ ɒɄɋ ɂɈɎɟɋɄσɄ Ƚɓɒɛς ɒɄς ȧɂɒȽɎɒɓɖɇȽɈɛς ȟɇȽɒɏɇȾɛς. ȠɎɜσɄς ɅȽ ɛɅɂɉȽ ɋȽ ɂɓɖȽɏɇσɒɛσɘ ɅɂɏɊə ɒɄɋ ɍɇɈɍɀɚɋɂɇȽ Ɋɍɓ ɈȽɇ ɋȽ Ƚɔɇɂɏώσɘ ɒɄɋ ɎȽɏɍɠσȽ ȧɂɒȽɎɒɓɖɇȽɈɛ ȟɇȽɒɏɇȾɛ σɒɍ ɁɜɁɓɊɍ ȽɁɂɏɔɟ Ɋɍɓ ȱɏɜσɒɍ† , ɍ ɍɎɍɜɍς Ɏɜσɒɂɓɂ σɂ ɊɚɋȽ ɈȽɇ ɛɒȽɋ ɁɜɎɉȽ Ɋɍɓ ǲɔɠɉȽɈȽς əɀɀɂɉɍςǳ.   
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1. ȠɇσȽɀɘɀɛ 

 

 ȭɈɍɎɟς ɒɄς ɎȽɏɍɠσɄς ɁɇɎɉɘɊȽɒɇɈɛς ɁɇȽɒɏɇȾɛς ɂɜɋȽɇ ɋȽ ɎȽɏɍɓσɇȽσɒɂɜ ɒɍ ɎɏɟɒɓɎɍ ɒɍɓ ɈɘɁɇɈɍɎɍɇɄɒɛ HEVC/Ȣ.ʹ͸ͷ ɈȽɇ ɋȽ ȽɌɇɍɉɍɀɄɅɂɜ ɀɇȽ ɓɎɄɏɂσɜɂς Video Streaming σɂ ȽσɠɏɊȽɒȽ ɁɜɈɒɓȽ Ɋɂ ɁɇȽɔɍɏɂɒɇɈɟ ɏɓɅɊɟ ȽɎɘɉɂɇώɋ. ȭɄɊȽɋɒɇɈə ɖȽɏȽɈɒɄɏɇσɒɇɈə Ɏɍɓ ɊȽς ɂɋɁɇȽɔɚɏɍɓɋ ɀɇȽ ɒɄɋ ȽσɠɏɊȽɒɄ ɊɂɒəɁɍσɄ Ⱦɜɋɒɂɍ ɂɜɋȽɇ Ʉ ȽɎɍɁɍɒɇɈɟɒɄɒȽ σɓɊɎɜɂσɄςȋcompression efficiencyȌ, ɈȽɒȽɋəɉɘσɄ ɇσɖɠɍςȋpower dissipationȌ ɈȽɇ ɍ ɚɉɂɀɖɍς σɔȽɉɊəɒɘɋȋerror control).    Ȫ ɓɗɄɉɛς ȽɎɟɁɍσɄς ɈɘɁɇɈɍɎɍɇɄɒɛς Ⱦɜɋɒɂɍ HEVC ɛ High Efficiency Video Coding ɛ Ȣ.ʹ͸ͷ ɂɜɋȽɇ Ɋɍɏɔɛȋformat) σɓɊɎɜɂσɄς Ⱦɜɋɒɂɍ, ɁɇəɁɍɖɍς ɒɍɓ H.264/MPEG-4 ɛ AVC 

(Advanced Video Coding). Ȯɍ ɎɏɟɒɓɎɍ HEVC ȽɎɍɒɂɉɂɜ ɒɍ Ɏɇɍ ɎɏɟσɔȽɒɍ  Ɏɏɍϊɟɋ ɒɄς σɓɋɂɏɀȽσɜȽς ɒɍɓ ITU-T Video Coding Experts Group ɈȽɇ ɒɍɓ ISO/IEC MPEG (Ʉ σɓɋɂɏɀȽσɜȽ Ƚɓɒɛ ɖȽɏȽɈɒɄɏɜɃɂɒȽɇ ȽɎɟ ɒɄɋ ɍɋɍɊȽσɜȽ Joint Collaborative Team on 

Video Coding - JCT-VC).   Ȯɍ HEVC ȽɋȽɊɚɋɂɒȽɇ ɋȽ ɁɇɎɉȽσɇəσɂɇ ɒɍɋ ɟɀɈɍ ɁɂɁɍɊɚɋɘɋ ɓɎɟ σɓɊɎɜɂσɄ σɂ σɠɀɈɏɇσɄ Ɋɂ (.ʹ͸Ͷ/MPEG-Ͷ AVC ɁɇȽɒɄɏώɋɒȽς ɒɍ ɜɁɇɍ ɂɎɜɎɂɁɍ ɎɍɇɟɒɄɒȽς Ⱦɜɋɒɂɍ.  Ȯɍ HEVC ɎɏɍȾɉɚɎɂɒȽɇ ɋȽ ɂɎɂɈɒȽɅɂɜ σɒɄɋ ɇɈȽɋɍɎɍɜɄσɄ ɒɘɋ ȽɎȽɇɒɛσɂɘɋ ɁɇȽɔɍɏɂɒɇɈɍɠ ɒɠɎɍɓ ɂɔȽɏɊɍɀώɋ, σɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ ɒɍɓ video ɈȽɇ σɒɇς ȽɎȽɇɒɛσɂɇς ɒɄς ͵D ɎɏɍȾɍɉɛς.  
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ȭɒɍ ɎɂɁɜɍ Ɏɍɓ ȽɋȽɔɚɏɂɒȽɇ σɒɄ ɊɂɒəɁɍσɄ ɓɗɄɉɛς ɂɓɈɏɜɋɂɇȽς Ⱦɜɋɒɂɍ, ɀɜɋɍɋɒȽɇ σɓɋɂɖɂɜς ɚɏɂɓɋɂς ɀɇȽ ɒɄɋ ȾɂɉɒɜɘσɄ ɒɄς ȽɎɟɁɍσɄς.  Ȫɇ Ɏɂɏɇσσɟɒɂɏɂς ɂɔȽɏɊɍɀɚς Ⱦɜɋɒɂɍ ȽɎȽɇɒɍɠɋ ɒɄ, σɂ ɎɏȽɀɊȽɒɇɈɟ ɖɏɟɋɍ, ɊɂɒəɁɍσɄ Ɋɚσɘ ,ɒɇς Ɏɂɏɇσσɟɒɂɏɂς ɔɍɏɚς, ɂɒɂɏɍɀɂɋώɋ ɎɂɏɇȾȽɉɉɟɋɒɘɋ ɈȽɇ ɁɇɈɒɠɘɋ. Ȣ ȽɎȽɜɒɄσɄ Ƚɓɒɛ ɂɌɓɎɄɏɂɒɂɜɒȽɇ ɇɈȽɋɍɎɍɇɄɒɇɈə Ɋɟɋɍ Ɋɂ ɒɄɋ ɒȽɖɠɒȽɒɄ ɊɂɒəɁɍσɄ ɒɄς ɎɉɄɏɍɔɍɏɜȽς Ƚɉɉə ɈȽɇ ɒɄɋ ɊɂɜɘσɄ ɒɘɋ σɔȽɉɊəɒɘɋ ɊɂɒəɁɍσɄς σɒɍ ɂɉəɖɇσɒɍ ɁɓɋȽɒɟ. Έɒσɇ ȽɋȽɃɄɒɍɠɋɒȽɇ ɈȽɇ ɎɏɍɒɂɜɋɍɋɒȽɇ ɈɘɁɇɈɍɎɍɇɛσɂɇς ɍɇ ɍɎɍɜɂς ɈȽɒȽɔɚɏɋɍɓɋ ɋȽ ɁɇȽɒɄɏɍɠɋ ɒɄɋ ɎɍɇɟɒɄɒȽ ɒɄς ɂɇɈɟɋȽς σɂ ɓɗɄɉɟ ɂɎɜɎɂɁɍ ɈȽɇ ɎȽɏəɉɉɄɉȽ ɋȽ Ɋɂɇώɋɍɓɋ σɂ Ɋɂɀəɉɍ ȾȽɅɊɟ ɒɍɋ ȽɎȽɇɒɍɠɊɂɋɍ ɖɏɟɋɍ ɊɂɒəɁɍσɄς. ȭɄɊȽɋɒɇɈɛ ɂɌɚɉɇɌɄ Ƚɓɒɛς ɎɏɍσɎəɅɂɇȽς ɂɜɋȽɇ Ʉ ȽɋɒɇɈȽɒəσɒȽσɄ ɒɍɓ ɎɏɍɒɠɎɍɓ H.264/MPEG-4 AVC, ȽɎɟ ɒɍ ɎɏɟɒɓɎɍ High Efficiency 

Video Coding (HEVC/Ȣ.ʹ͸ͷȌ, ɒɍ ɍɎɍɜɍ ɚɖɂɇ ɒɄɋ ɓɎɍσɒɛɏɇɌɄ ɒɘɋ ɈȽɒȽσɈɂɓȽσɒώɋ ɒɄɉɂɍɎɒɇɈώɋ ɁɂɈɒώɋ, ɈȽɅώς ɈȽɇ ɒɍɓ ɀɋɘσɒɍɠ Ȥɋσɒɇɒɍɠɒɍɓ Fraunhofer.  ȭɒɄɋ ɎȽɏɍɠσȽ ɂɏɀȽσɜȽ ɎȽɏɍɓσɇəɃɂɒȽɇ ɒɍ ɋɚɍ ɎɏɟɒɓɎɍ HEVC ɈȽɇ ɍɇ ɁɇȽɔɍɏɚς ɒɍɓ Ɋɂ ɒɍ Ɋɚɖɏɇ σɛɊɂɏȽ ɂɎɇɈɏȽɒώɋ ɎɏɟɒɓɎɍ H.264.  ȠɎɜσɄς, ɎȽɏɍɓσɇəɃɂɒȽɇ σɂ ɀɉώσσȽ C ɚɋȽ Ɋɍɋɒɚɉɍ ȽɎɘɉɂɇώɋ ɎȽɈɚɒɘɋ σɂ ɈɜɋɄσɄ ɁɇɈɒɠɍɓ ɈȽɅώς ɈȽɇ Ʉ ɎȽɏȽɀɘɀɛ ɈȽɇ ɊɂɒəɁɍσɄ ɎȽɈɚɒɘɋ Ɋɂ ɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ ɒɍɓ ɋɚɍɓ ɎɏɍɒɠɎɍɓ HEVC, ɎɏɍɈɂɇɊɚɋɍɓ ɋȽ ɂɈɒɇɊɄɅɂɜ ɈȽɇ ɎɂɇɏȽɊȽɒɇɈə Ʉ ȽɎɍɁɍɒɇɈɟɒɄɒȽ ɒɍɓ ɀɇȽ ɒɄɋ ɊɂɒəɁɍσɄ Ⱦɜɋɒɂɍ Ɋɚσɘ ɁɇɈɒɠɍɓ. 
H ɊɂɒəɁɍσɄ σɒɍ ɁɜɈɒɓɍ ɂɜɋȽɇ ɊɇȽ Ɏɍɉɠ ȽɎȽɇɒɄɒɇɈɛ ɂɔȽɏɊɍɀɛ Ɏɍɓ ɁɂσɊɂɠɂɇ ɊɂɀəɉɄ ɎɍσɟɒɄɒȽ Ɏɟɏɘɋȋɂɠɏɍς ɃώɋɄςȌ. ȳσɒɟσɍ, ɒɍ ɎɏɟȾɉɄɊȽ Ɏɍɓ ȽɋɒɇɊɂɒɘɎɜɃɍɓɊɂ σɒȽ ȽσɠɏɊȽɒȽ ɁɜɈɒɓȽ ɂɜɋȽɇ ɍ ɎɂɏɇɍɏɇσɊɟς ɒɘɋ Ɏɟɏɘɋ Ƚɓɒώɋ Ɋɂ ȽɎɍɒɚɉɂσɊȽ σɒɇς Ɏɂɏɇσσɟɒɂɏɂς ɎɂɏɇɎɒώσɂɇς ɋȽ ɊɄɋ ɂɜɋȽɇ ɂɔɇɈɒɛ Ʉ ɊɂɒəɁɍσɄ ɒɍɓ Ⱦɜɋɒɂɍ.  
 ȮɂɖɋɇɈɚς Ɏɍɓ ȽɋȽɎɒɠɖɅɄɈȽɋ ɀɇȽ ɋȽ ȽɋɒɇɊɂɒɘɎɜσɍɓɋ ɒɍ ɎɏɟȾɉɄɊȽ ɚɉɉɂɇɗɄς Ɏɟɏɘɋ ɀɇȽ ɒɄ ɊɂɒəɁɍσɄ Ⱦɜɋɒɂɍ ɂɔȽɏɊɟɃɍɓɋ ɈɘɁɇɈɍɎɍɜɄσɄ Ⱦɜɋɒɂɍ. Ȣ ɈɘɁɇɈɍɎɍɜɄσɄ Ⱦɜɋɒɂɍ ɂɈɊɂɒȽɉɉɂɠɂɒȽɇ ɒɍ σɒȽɒɇσɒɇɈɟ ɎɉɂɍɋȽσɊɟ Ɏɍɓ ɓɎəɏɖɂɇ σɒɍ Ⱦɜɋɒɂɍ, Ɏ.ɖ. Ɂɓɍ ɜɁɇɂς ɁɇȽɁɍɖɇɈɚς ɂɇɈɟɋɂς, ɎȽɏəɀɍɋɒȽς ɚɒσɇ ɚɋȽ ɈɘɁɇɈɍɎɍɇɄɊɚɋɍ Ƚɏɖɂɜɍ ɊɇɈɏɟɒɂɏɍɓ ɊɂɀɚɅɍɓς Ɏɍɓ ɍɋɍɊəɃɂɒȽɇ ɏɍɛ ȽɎɟ bit(bitstreamȌ.  ΌɒȽɋ ɍɉɍɈɉɄɏɘɅɂɜ Ʉ ɊɂɒəɁɍσɄ, ɂɔɟσɍɋ Ɂɂɋ ɓɎɛɏɌɂ ɈəɎɍɇȽ ȽɎώɉɂɇȽ ɎȽɈɚɒɍɓ, ɍ ɎȽɏȽɉɛɎɒɄς ɊɎɍɏɂɜ ɋȽ ȽɎɍɈɘɁɇɈɍɎɍɇɛσɂɇ ɒɍ Ⱦɜɋɒɂɍ.   



 8 

 

 

2. ȠɇσȽɀɘɀɇɈɚς ɚɋɋɍɇɂς 

  

ʹ.ͳ   ȲɄɔɇȽɈɟ Ⱦɜɋɒɂɍ Ȯɍ ɗɄɔɇȽɈɟ Ⱦɜɋɒɂɍ ɊɎɍɏɂɜ ɋȽ ɎɏɍɈɠɗɂɇ ɂɜɒɂ Ɋɂ ȽɎɂɓɅɂɜȽς "σɠɉɉɄɗɄ" ɒɍɓ σɂ ɗɄɔɇȽɈɟ Ɋɚσɍ ɟɎɘς ɀɇȽ ɎȽɏəɁɂɇɀɊȽ ɗɄɔɇȽɈɛ ȾɇɋɒɂɍɈəɊɂɏȽ ɂɜɒɂ Ɋɂ ɊɂɒȽɒɏɍɎɛ ɂɋɟς ȽɋȽɉɍɀɇɈɍɠ σɛɊȽɒɍς.  Ȯɍ ɗɄɔɇȽɈɟ Ⱦɜɋɒɂɍ ɂɜɋȽɇ ɚɋȽ σɠɋɍɉɍ σɒȽɒɇɈώɋ ɂɇɈɟɋɘɋ Ɏɍɓ ɂɋȽɉɉəσσɍɋɒȽɇ ɀɏɛɀɍɏȽ Ɏɍɉɉɚς ɔɍɏɚς ɒɍ ɁɂɓɒɂɏɟɉɂɎɒɍ. ȭɓɋɂɎώς ɁɇȽɈɏɜɋɍɓɊɂ ɟɒɇ ɒɍ video "ɈɉɄɏɍɋɍɊɂɜ" ɒȽ ɖȽɏȽɈɒɄɏɇσɒɇɈə ɒɘɋ ɂɇɈɟɋɘɋ Ɏɍɓ ɒɍ ȽɎɍɒɂɉɍɠɋ ȋɖɏɘɊȽɒɇɈɛ ɈȽɇ ɖɘɏɇɈɛ ȽɋəɉɓσɄ -  color special resolutionȌ ɈȽɇ ɚɖɂɇ ɂɎɜσɄς ɒɍ ɖȽɏȽɈɒɄɏɇσɒɇɈɟ ɒɄς σɓɖɋɟɒɄɒȽς ɂɋȽɉɉȽɀɛς ɒɍɓς. 
 

ʹ.ʹ. ȧɚɅɍɁɍɇ ɊɚɒɏɄσɄς ɎɍɇɟɒɄɒȽς Ⱦɜɋɒɂɍ 

 ȮȽ σɓσɒɛɊȽɒȽ ɂɎɂɌɂɏɀȽσɜȽς Ⱦɜɋɒɂɍ ɊɎɍɏɂɜ ɋȽ ɂɎɇɔɚɏɍɓɋ ɍɏɇσɊɚɋȽ Ɏɍσə ɎȽɏȽɊɟɏɔɘσɄς σɒɍ σɛɊȽ ɒɍɓ Ⱦɜɋɒɂɍ, ɚɒσɇ ώσɒɂ Ʉ ȽɌɇɍɉɟɀɄσɄ ɒɄς ɎɍɇɟɒɄɒȽς Ⱦɜɋɒɂɍ ɂɜɋȽɇ ɚɋȽ σɄɊȽɋɒɇɈɟ ɎɏɟȾɉɄɊȽ. 
ȜɎɟ ɒɄɋ σɒɇɀɊɛ ɈȽɒə ɒɄɋ ɎɏώɒɄ ɈȽɒȽɀɏȽɔɛ ȽɈɍɉɍɓɅɜȽς Ⱦɜɋɒɂɍ σɒɍɋ ɈɟσɊɍ, Ɏɍɉɉə σɓσɒɛɊȽɒȽ ɂɎɂɌɂɏɀȽσɜȽς Ⱦɜɋɒɂɍ ɚɖɍɓɋ σɖɂɁɇȽσɒɂɜ. ȭɒɇς Ɋɚɏɂς ɊȽς, ɒȽ ɗɄɔɇȽɈə σɓσɒɛɊȽɒȽ Ⱦɜɋɒɂɍ ȽɋɒɇɈȽɅɇσɒɍɠɋ ɒȽ ȽɋȽɉɍɀɇɈə, ɈȽɇ ɍɇ ɊɚɅɍɁɍɇ ȽɌɇɍɉɟɀɄσɄς ɚɖɍɓɋ ȽɉɉəɌɂɇ. Ȣ ȽɎɟɁɍσɄ ɂɋɟς σɓσɒɛɊȽɒɍς ɗɄɔɇȽɈɛς ɂɎɂɌɂɏɀȽσɜȽς Ⱦɜɋɒɂɍ ɊɎɍɏɂɜ ɋȽ ɎɍɇɈɜɉɂɇ σɄɊȽɋɒɇɈə ɈȽɇ ɂɌȽɏɒəɒȽɇ ȽɎɟ ɒȽ ɁɓɋȽɊɇɈə ɖȽɏȽɈɒɄɏɇσɒɇɈə ɒɍɓ σɛɊȽɒɍς ɂɇσɟɁɍɓ Ⱦɜɋɒɂɍ ȋɎ.ɖ. ɒɍ Ɏɍσɟ ɒɄς ɈɜɋɄσɄς). Ȟɇ ' Ƚɓɒɟ Ʉ ɎɍɇɟɒɄɒȽ ɒɍɓ ɗɄɔɇȽɈɍɠ Ⱦɜɋɒɂɍ ɅȽ ɎɏɚɎɂɇ ɋȽ ȽɌɇɍɉɍɀɂɜɒȽɇ σɂ ɁɇȽɔɍɏɂɒɇɈɚς ȽɈɍɉɍɓɅɜɂς Ⱦɜɋɒɂɍ, σɓɖɋə ȽɎɟ ɒɄ ȾəσɄ ɁɂɁɍɊɚɋɘɋ ɒɍɓ ɖɏɛσɒɄ. 
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 2.3 ȯɎɍɈɂɇɊɂɋɇɈɚς ȧɚɅɍɁɍɇ ȋSubjective Methods) Ȫ Ɉɠɏɇɍς σɒɟɖɍς Ɏɍɉɉώɋ ȽɋɒɇɈɂɇɊɂɋɇɈώɋ ɊɂɒɏɇɈώɋ ɂɈɒɜɊɄσɄς ɒɄς ɎɍɇɟɒɄɒȽς ɒɍɓ Ⱦɜɋɒɂɍ ɂɜɋȽɇ ɋȽ ɂɈɒɇɊɄɅɂɜ Ʉ ɁɇȽɒɠɎɘσɄ ɀɋώɊɄς ɒɍɓ Ɋɚσɍɓ ɖɏɛσɒɄ ȋɅɂȽɒɛȌ σɖɂɒɇɈə Ɋɂ ɒɄɋ ɎɍɇɟɒɄɒȽ ɒɍɓ Ⱦɜɋɒɂɍ Ɏɍɓ ɂɎɂɌɂɏɀəɃɂɒȽɇ ɒɍ σɠσɒɄɊȽ.  ȧɂɏɇɈɚς ɔɍɏɚς, ɘσɒɟσɍ, Ʉ ɊɚɒɏɄσɄ ɒɄς ɓɎɍɈɂɇɊɂɋɇɈɛς ɎɍɇɟɒɄɒȽς Ⱦɜɋɒɂɍ ɊɎɍɏɂɜ ɂɎɜσɄς ɋȽ ɂɜɋȽɇ ɎɏɍɈɉɄɒɇɈɛ, Ɂɇɟɒɇ ɊɎɍɏɂɜ ɋȽ ȽɎȽɇɒɂɜ ɒɄɋ ɈɏɜσɄ ɂɋɟς ɂɇɁɇɈə ɂɈɎȽɇɁɂɓɊɚɋɍɓ. 
 

 

 

 ȫɍɉɉɚς «ɓɎɍɈɂɇɊɂɋɇɈɚς Ɋɂɒɏɛσɂɇς ɒɄς ɎɍɇɟɒɄɒȽς ɒɍɓ Ⱦɜɋɒɂɍ" ɎɂɏɇɀɏəɔɍɋɒȽɇ σɒɍ 
ITU-T σɠσɒȽσɄ BT.ͷͲͲ. ȥɂɋɒɏɇɈɛ ɇɁɚȽ ɒɍɓς ɂɜɋȽɇ Ʉ ɊɚσɄ ȾȽɅɊɍɉɍɀɜȽȋMean Opinion 

Score) ɀɇȽ ɛɖɍ: ȮȽ Ⱦɜɋɒɂɍ-ȽɈɍɉɍɓɅɜɂς ɂɊɔȽɋɜɃɍɋɒȽɇ σɂ ɍɊəɁȽ ɒɄɉɂɅɂȽɒώɋ ɈȽɇ σɒɄ σɓɋɚɖɂɇȽ Ʉ ɀɋώɊɄ ɒɍɓς ɈȽɒȽɀɏəɔɂɒȽɇ ɈȽɇ ɈȽɒə Ɋɚσɍ ɟɏɍ ȽɌɇɍɉɍɀɂɜɒȽɇ Ʉ ɎɍɇɟɒɄɒȽ ɒɄς ɈəɅɂ ȽɈɍɉɍɓɅɜȽς Ⱦɜɋɒɂɍ. ȳσɒɟσɍ, ɒȽ σɒɍɇɖɂɜȽ ɒɘɋ ɁɍɈɇɊώɋ ɊɎɍɏɂɜ ɋȽ ɎɍɇɈɜɉɉɍɓɋ σɂ Ɋɂɀəɉɍ ȾȽɅɊɟ. 
 

2.4  ȜɋɒɇɈɂɇɊɂɋɇɈɚς ȧɚɅɍɁɍɇ (Objective Methods) Ȫɇ ȜɋɒɇɈɂɇɊɂɋɇɈɚς ȧɚɅɍɁɍɇ ȽɌɇɍɉɟɀɄσɄς Ⱦɜɋɒɂɍ ɂɜɋȽɇ ɊȽɅɄɊȽɒɇɈə ɊɍɋɒɚɉȽ ɒȽ ɍɎɍɜȽ  ɎɏɍσɂɀɀɜɃɍɓɋ ɒȽ ȽɎɍɒɂɉɚσɊȽɒȽ ɒɄς ȽɌɇɍɉɟɀɄσɄς ɒɄς ɓɎɍɈɂɇɊɂɋɇɈɛς ɎɍɇɟɒɄɒȽς , Ƚɉɉə Ɋɂ ȾəσɄ ɈɏɇɒɛɏɇȽ ɈȽɇ Ɋɂɒɏɛσɂɇς Ɏɍɓ ɊɎɍɏɍɠɋ ɋȽ ɊɂɒɏɄɅɍɠɋ ȽɋɒɇɈɂɇɊɂɋɇɈə ɈȽɇ ȽɓɒɟɊȽɒȽ ɈȽɇ ȽɌɇɍɉɍɀɍɠɋɒȽɇ ȽɎɟ ɚɋȽ ɎɏɟɀɏȽɊɊȽ ɓɎɍɉɍɀɇσɒɛ .  Ȫɇ ȜɋɒɇɈɂɇɊɂɋɇɈɚς ɊɚɅɍɁɍɇ ɒȽɌɇɋɍɊɍɠɋɒȽɇ Ɋɂ ȾəσɄ ɒɄ ɁɇȽɅɂσɇɊɟɒɄɒȽ ɒɍɓ ȽɏɖɇɈɍɠ σɛɊȽɒɍς Ⱦɜɋɒɂɍ, ɒɍ ɍɎɍɜɍ ɅɂɘɏɂɜɒȽɇ ɟɒɇ ɂɜɋȽɇ ɓɗɄɉɛς ɎɍɇɟɒɄɒȽς ȋɀɂɋɇɈə ɟɖɇ σɓɊɎɇɂσɊɚɋɍȌ.   

http://en.wikipedia.org/wiki/Mean_Opinion_Score
http://en.wikipedia.org/wiki/Mean_Opinion_Score


 10 

 

ȳς ɂɈ ɒɍɠɒɍɓ, ɊɎɍɏɍɠɋ ɋȽ ɒȽɌɇɋɍɊɄɅɍɠɋ ɘς ɊɚɅɍɁɍɇ ȽɋȽɔɍɏəς Full (Full Reference 

Methods-FR ) , ɊɂɇɘɊɚɋɄς ȽɋȽɔɍɏəς ɊɚɅɍɁɍɇ (Reduced Reference Methods-RR ) ɈȽɇ 
No - ȧɚɅɍɁɍɇ ȜɋȽɔɍɏəς (No-Reference Methods-NR ) .    Ȫɇ Ɋɂɒɏɛσɂɇς FR ɓɎɍɉɍɀɜɃɍɓɋ ɒɄ ɁɇȽɔɍɏə ɎɍɇɟɒɄɒȽς, σɓɀɈɏɜɋɍɋɒȽς ɈəɅɂ pixel σɂ ɈəɅɂ ɂɇɈɟɋȽ ɒɄς ɎȽɏȽɊɍɏɔɘɊɚɋɄς ɂɇɈɟɋȽς σɒɍ Ƚɋɒɜσɒɍɇɖɍ ɂɇɈɍɋɍσɒɍɇɖɂɜɍ ɒɄς σɒɍ ȽɏɖɇɈɟ Ⱦɜɋɒɂɍ .  Ȫɇ Ɋɂɒɏɛσɂɇς RR ȾɀəɃɍɓɋ ɍɏɇσɊɚɋȽ ɖȽɏȽɈɒɄɏɇσɒɇɈə ɈȽɇ ɒɘɋ Ɂɠɍ Ⱦɜɋɒɂɍ ɈȽɇ Ʉ σɠɀɈɏɇσɛ ɒɍɓς Ɂɜɋɂɇ ɊɇȽ ȾȽɅɊɍɉɍɀɜȽ ɎɍɇɟɒɄɒȽς . ȱɏɄσɇɊɍɎɍɇɍɠɋɒȽɇ ɟɒȽɋ ɟɉȽ ɒȽ ɎɏɘɒɟɒɓɎȽ Ⱦɜɋɒɂɍ Ɂɂɋ ɂɜɋȽɇ ɁɇȽɅɚσɇɊȽ, Ɏ.ɖ. σɂ ɊɜȽ ɊɂɒəɁɍσɄ Ɋɂ ɎɂɏɇɍɏɇσɊɚɋɍ ɂɠɏɍς ɃώɋɄςȋbandwidth).  Ȫɇ NR Ɋɂɒɏɛσɂɇς ɎɏɍσɎȽɅɍɠɋ ɋȽ ȽɌɇɍɉɍɀɛσɍɓɋ ɒɄɋ ɎɍɇɟɒɄɒȽ ɂɋɟς ɎȽɏȽɊɍɏɔɘɊɚɋɍɓ Ⱦɜɋɒɂɍ, ɖɘɏɜς ɈȽɊɜȽ ȽɋȽɔɍɏə σɒɍ ȽɏɖɇɈɟ Ⱦɜɋɒɂɍ . Ȫɇ Ɋɂɒɏɛσɂɇς Ƚɓɒɚς σɓɋɛɅɘς ɖɏɄσɇɊɍɎɍɇɍɠɋɒȽɇ ɟɒȽɋ ɂɜɋȽɇ ɀɋɘσɒɛ Ʉ ɊɚɅɍɁɍς ɈɘɁɇɈɍɎɍɜɄσɄς Ⱦɜɋɒɂɍ. 
 

2.5 ȯɎɍɉɍɀɇσɊɟς ɒɍɓ PSNR (peak siqnal-to-noise ratioȌ ɘς 
ɊɂɒɏɄɒɛ ɎɍɇɟɒɄɒȽς 

 Ȫɇ Ɏɇɍ ɎȽɏȽɁɍσɇȽɈɍɜ ɒɏɟɎɍɇ ȽɌɇɍɉɟɀɄσɄς ɒɄς ɎɍɇɟɒɄɒȽς ɒɍɓ ɗɄɔɇȽɈɍɠ σɓσɒɛɊȽɒɍς ɂɎɂɌɂɏɀȽσɜȽς Ⱦɜɋɒɂɍ ȋɎ.ɖ. ɈɘɁɇɈɍɎɍɇɄɒɚς Ⱦɜɋɒɂɍ, ɟɎɘς DivX, XvidȌ ɂɜɋȽɇ ɓɎɍɉɍɀɇσɊɟς ɒɍɓ ɉɟɀɍɓ σɛɊȽɒɍς Ɏɏɍς ɅɟɏɓȾɍ ȋsignal-to-noise ratio - SNRȌ ɈȽɇ ɒɄς Ɉɍɏɓɔɛς σɛɊȽɒɍς Ɏɏɍς ɅɟɏɓȾɍ (peak signal-to-noise ratio - PSNR) ɊɂɒȽɌɠ ɒɍɓ ȽɏɖɇɈɍɠ σɛɊȽɒɍς Ⱦɜɋɒɂɍ ɈȽɇ ɒɍɓ σɛɊȽɒɍς Ɏɍɓ ɁɇɚɏɖɂɒȽɇ Ɋɚσɘ ɒɍɓ σɓσɒɛɊȽɒɍς.  Ȫ ɓɎɍɉɍɀɇσɊɟς ɒɍɓ PSNR ɂɜɋȽɇ Ʉ Ɏɇɍ ɂɓɏɚɘς ɖɏɄσɇɊɍɎɍɇɍɠɊɂɋɄ ȽɋɒɇɈɂɇɊɂɋɇɈɛς ɎɍɇɟɒɄɒȽς Ⱦɜɋɒɂɍ ɊɂɒɏɇɈɛ. ȳσɒɟσɍ, ɍɇ ɒɇɊɚς PSNR Ɂɂɋ σɓσɖɂɒɜɃɍɋɒȽɇ ɒɚɉɂɇȽ Ɋɂ ɊɇȽ ȽɋɒɇɉɄɎɒɛ ɍɎɒɇɈɛ ɎɍɇɟɒɄɒȽ ɉɟɀɘ ɒɄς ɊɄ ɀɏȽɊɊɇɈɛς σɓɊɎɂɏɇɔɍɏəς ɒɍɓ ȽɋɅɏώɎɇɋɍɓ ɍɎɒɇɈɍɠ σɓσɒɛɊȽɒɍς .  ȥȽɒə ɒɄɋ ɂɈɒɜɊɄσɄ ɒɄς ɎɍɇɟɒɄɒȽς ɂɋɟς ɈɘɁɇɈɍɎɍɇɄɒɛ Ⱦɜɋɒɂɍ, ɟɉɂς ɍɇ ɎɏɍȽɋȽɔɂɏɅɂɜσɂς ȽɋɒɇɈɂɇɊɂɋɇɈɚς ɊɚɅɍɁɍɇ ɊɎɍɏɂɜ ɋȽ ȽɎȽɇɒɍɠɋ ɒɄɋ ɂɎȽɋəɉɄɗɄ ɒɘɋ 

http://en.wikipedia.org/wiki/Signal-to-noise_ratio
http://en.wikipedia.org/wiki/Peak_signal-to-noise_ratio
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post-encoding tests -ɁɍɈɇɊώɋ Ɋɂɒə ɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ ɎɏɍɈɂɇɊɚɋɍɓ ɋȽ ɈȽɅɍɏɜσɍɓɋ ɒɇς ɎȽɏȽɊɚɒɏɍɓς ɈɘɁɇɈɍɎɍɜɄσɄς Ɏɍɓ ɎɉɄɏɍɠɋ ɚɋȽ ȽɎȽɇɒɍɠɊɂɋɍ ɂɎɜɎɂɁɍ ɍɎɒɇɈɛς ɎɍɇɟɒɄɒȽς, Ɏɍɓ ɒɇς ɈȽɅɇσɒə ɖɏɍɋɍȾɟɏɂς, ɎɂɏɜɎɉɍɈɂς ɈȽɇ ɊɄ ɎɏȽɈɒɇɈɚς ɀɇȽ ɂɔȽɏɊɍɀɛ σɂ ɎɏȽɀɊȽɒɇɈɚς ɂɊɎɍɏɇɈɚς ɂɔȽɏɊɍɀɚς . ȞɇȽ ɒɍ ɉɟɀɍ Ƚɓɒɟ , Ɋɂɀəɉɍ Ɋɚɏɍς ɒɄς ɚɏɂɓɋȽς ɚɖɂɇ ɂɎɇɈɂɋɒɏɘɅɂɜ σɒɄɋ ȽɋəɎɒɓɌɄ ɋɚɘɋ ȽɋɒɇɈɂɇɊɂɋɇɈώɋ ɊɂɅɟɁɘɋ ȽɌɇɍɉɟɀɄσɄς Ɏɍɓ ɂɎɇɒɏɚɎɍɓɋ ɒɄɋ ɎɏɟȾɉɂɗɄ ɒɍɓ ɂɎɇɎɚɁɍɓ ɒɄς ɎɍɇɟɒɄɒȽς ɒɘɋ ɈɘɁɇɈɍɎɍɇɄɊɚɋɘɋ Ⱦɜɋɒɂɍ Ɏɏɇɋ ȽɎɟ ɒɄɋ ɎɏȽɀɊȽɒɍɎɍɜɄσɄ ɒɄς ɎɏȽɀɊȽɒɇɈɛςȋactualȌ ɈɘɁɇɈɍɎɍɜɄσɄς.  
 

 

 Ȯɍ PSNR, ɂɜɋȽɇ ɍ ɉɟɀɍς ɊɂɒȽɌɠ ɒɄς ɊɚɀɇσɒɄς ɁɓɋȽɒɛς ɇσɖɠɍς ɒɍɓ σɛɊȽɒɍς ɈȽɇ ɒɄς ɂɌɍɓσɜȽς ɒɍɓ ɅɍɏɠȾɍɓ ɁɇȽɔɅɍɏəς (corrupting noiseȌ Ɏɍɓ ɂɎɄɏɂəɃɂɇ ɒɄɋ ɎɇσɒɟɒɄɒȽ ɒɄς ȽɋȽɎȽɏəσɒȽσɄς ɒɄς. ȠɎɂɇɁɛ Ɏɍɉɉə σɛɊȽɒȽ ɚɖɍɓɋ ɚɋȽ Ɏɍɉɠ Ɋɂɀəɉɍ ɁɓɋȽɊɇɈɟ ɂɠɏɍς, ɒɍ PSNR ɂɈɔɏəɃɂɒȽɇ σɓɋɛɅɘς σɂ σɖɚσɄ Ɋɂ ɒɄɋ ɉɍɀȽɏɇɅɊɇɈɛ ɈɉɜɊȽɈȽ ɋɒɂσɇɊɎɚɉȋdB). Ȯɍ PSNR Ɏɇɍ σɓɖɋə ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ ɀɇȽ ɒɄ ɊɚɒɏɄσɄ ɒɄς ɎɍɇɟɒɄɒȽς ɒɄς ȽɋɍɇɈɍɁɟɊɄσɄς lossy ɈɘɁɇɈɍɎɍɇɄɒώɋ σɓɊɎɜɂσɄς (lossy compression codecsȌ, ɟɎɘς ɀɇȽ ɎȽɏəɁɂɇɀɊȽ σɒɄ σɓɊɎɜɂσɄ ɂɇɈɟɋȽς. 
 Ȯɍ σɛɊȽ σɂ Ƚɓɒɛ ɒɄɋ ɎɂɏɜɎɒɘσɄ ɂɜɋȽɇ ɒȽ ȽɏɖɇɈə ɁɂɁɍɊɚɋȽ, ɈȽɇ ɍ ɅɟɏɓȾɍς ɂɜɋȽɇ ɒɍ σɔəɉɊȽ Ɏɍɓ ɂɇσəɀɂɒȽɇ Ɋɂ ɒɄ σɓɊɎɜɂσɄ. ȥȽɒə ɒɄ σɠɀɈɏɇσɄ ɒɘɋ ɈɘɁɇɈɍɎɍɇɄɒώɋ  σɓɊɎɜɂσɄς, ɒɍ PSNR ɂɜɋȽɇ ɊɇȽ ɎɏɍσɚɀɀɇσɄ ɀɇȽ ɒɄɋ ȽɋɅɏώɎɇɋɄ ȽɋɒɜɉɄɗɄ ɒɄς ɎɍɇɟɒɄɒȽς ɒɄς ȽɋȽσɓɀɈɏɟɒɄσɄς. ȫȽɏə ɒɍ ɀɂɀɍɋɟς ɟɒɇ ɚɋȽ ɓɗɄɉɟɒɂɏɍ PSNRȋɎəɋɘ ȽɎɟ ͵ͷ dB) ɀɂɋɇɈə Ɂɂɜɖɋɂɇ ɟɒɇ Ʉ ȽɋɍɇɈɍɁɟɊɄσɄ ɂɜɋȽɇ ɓɗɄɉɟɒɂɏɄς ɎɍɇɟɒɄɒȽς, σɂ ɍɏɇσɊɚɋɂς ɎɂɏɇɎɒώσɂɇς, ɊɎɍɏɂɜ ɈȽɇ ɋȽ ɊɄɋ ɂɜɋȽɇ.  

http://en.wikipedia.org/wiki/Noise
http://en.wikipedia.org/wiki/Codec
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ȥəɎɍɇɍς ɎɏɚɎɂɇ ɋȽ ɂɜɋȽɇ ɂɌȽɇɏɂɒɇɈə ɎɏɍσɂɈɒɇɈɟς Ɋɂ ɒɍ ɔəσɊȽ ɇσɖɠɍς Ƚɓɒɛς ɒɄς ɊɂɒɏɇɈɛς. ȠɜɋȽɇ ȽɁɇȽɊɔɇσȾɛɒɄɒȽ ɚɀɈɓɏɍ Ɋɟɋɍ ɟɒȽɋ ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ ɀɇȽ ɋȽ σɓɀɈɏɜɋɂɇ ɒȽ ȽɎɍɒɂɉɚσɊȽɒȽ ȽɎɟ ɒɍɋ ɜɁɇɍ ɈɘɁɇɈɍɎɍɇɄɒɛ ȋɛ ɒɠɎɍ ɈɘɁɇɈɍɎɍɇɄɒɛȌ ɈȽɇ ɒɍ ɜɁɇɍ ɎɂɏɇɂɖɟɊɂɋɍ.   Ȯɍ PSNR ɍɏɜɃɂɒȽɇ Ɋɚσɘ ɒɍɓ ȧɚσɍɓ ȮɂɒɏȽɀɘɋɇɈɍɠ σɔəɉɊȽɒɍςȋMean Squared Error-

MSE). ȟɍɅɚɋɒɍς ɊɇȽς ɖɘɏɜς ɅɟɏɓȾɍ m x n ȽσɎɏɟɊȽɓɏɄς ɂɇɈɟɋȽς Ȥ ɈȽɇ ɒɄς ɅɍɏɓȾώɁɄς ɎɏɍσɚɀɀɇσɄς ɒɍɓ ȥ,  
 

 

To PSNR ɍɏɜɃɂɒȽɇ ɘς:  

 

 ɟɎɍɓ MAXI  : Ʉ  ɊɚɀɇσɒɄ ɎɇɅȽɋɛ ɒɇɊɛ  ɒɍɓ ɂɇɈɍɋɍσɒɍɇɖɂɜɍɓ (pixelȌ ɒɄς ɂɇɈɟɋȽς.  ΌɒȽɋ ɒȽ ɂɇɈɍɋɍσɒɍɇɖɂɜȽ ȽɋɒɇɎɏɍσɘɎɂɠɍɋɒȽɇ ɖɏɄσɇɊɍɎɍɇώɋɒȽς ͺ bits Ƚɋə ɁɂɜɀɊȽ, Ƚɓɒɟ ɂɜɋȽɇ ʹͷͷ.  ȞɂɋɇɈɟɒɂɏȽ, ɟɒȽɋ ɒȽ ɁɂɜɀɊȽɒȽ ȽɋɒɇɎɏɍσɘɎɂɠɍɋɒȽɇ ɖɏɄσɇɊɍɎɍɇώɋɒȽς LinearPCM, 

MAXI is 2B−ͳ.  ȞɇȽ ɚɀɖɏɘɊɂς ɂɇɈɟɋɂς Ɋɂ ɒɏɂɇς ɒɇɊɚς RGB Ƚɋə pixel, ɍ ɍɏɇσɊɟς ɒɍɓ PSNR ɂɜɋȽɇ ɍ ɜɁɇɍς, ɂɈɒɟς ȽɎɟ ɒɍ MSE Ɏɍɓ ɂɜɋȽɇ ɒɍ əɅɏɍɇσɊȽ ɟɉɘɋ ɒɘɋ ɁɇȽɔɍɏώɋ ɓɗɘɊɚɋɘɋ σɒɍ ɒɂɒɏəɀɘɋɍ ɁɇȽɇɏɂɊɚɋɍ Ɋɂ ɒɍ ɊɚɀɂɅɍς ɒɄς ɂɇɈɟɋȽς ɈȽɇ ȽɎɟ ɒɍ ɒɏɜȽ.  ȠɋȽɉɉȽɈɒɇɈə, ɀɇȽ ɚɀɖɏɘɊɂς ɂɇɈɟɋɂς Ʉ ɂɇɈɟɋȽ ɊɂɒȽɒɏɚɎɂɒȽɇ σɂ ɚɋȽ ɁɇȽɔɍɏɂɒɇɈɟ ɖώɏɍ ɖɏώɊȽɒɍς ɈȽɇ PSNR ɚɖɂɇ ȽɋȽɔɂɏɅɂɜ ɚɋȽɋɒɇ ɈəɅɂ ɈȽɋȽɉɇɍɠ ɒɍɓ ɂɋ ɉɟɀɘ ɖώɏɍɓ ɖɏώɊȽɒɍς, Ɏ.ɖ., YCbCr ɛ HSL.  
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ȮɓɎɇɈɚς ɒɇɊɚς ɀɇȽ ɒɍ PSNR σɂ lossy σɓɊɎɜɂσɄ ɂɇɈɟɋȽς ɈȽɇ Ⱦɜɋɒɂɍ ɂɜɋȽɇ ɊɂɒȽɌɠ ͵Ͳ ɈȽɇ ͷͲ dB, ɂɔɟσɍɋ ɒɍ ȾəɅɍς bit ɂɜɋȽɇ ͺ bit, ɟɎɍɓ ɓɗɄɉɟɒɂɏɄ ɂɜɋȽɇ Ʉ ɈȽɉɠɒɂɏɄ. ȞɇȽ ɒȽ ɁɂɁɍɊɚɋȽ ͳ͸ Bit ɂɜɋȽɇ ɒɓɎɇɈɚς ɒɇɊɚς ɀɇȽ ɒɍ PSNR ɊɂɒȽɌɠ ͸Ͳ ɈȽɇ ͺͲ dB. Ȫɇ ȽɎɍɁɂɈɒɚς ɒɇɊɚς ɀɇȽ ɒɄɋ ȽɎώɉɂɇȽ ɎɍɇɟɒɄɒȽ ɒɄς ȽσɠɏɊȽɒɄς ɊɂɒəɁɍσɄς ɅɂɘɏɂɜɒȽɇ ɟɒɇ ɂɜɋȽɇ ɎɂɏɜɎɍɓ ʹͲ dB ɚɘς ʹͷ dB.  Ƞɋ ȽɎɍɓσɜȽ ɅɍɏɠȾɍɓ, ɍɇ Ɂɠɍ ɂɇɈɟɋɂς Ȥ ɈȽɇ ȥ ɂɜɋȽɇ ɒȽɓɒɟσɄɊɂς, ɈȽɇ ɚɒσɇ Ʉ MSE ɂɜɋȽɇ ɊɄɁɚɋ. ȭɒɄɋ ɎɂɏɜɎɒɘσɄ Ƚɓɒɛ ɒɍ PSNR ɂɜɋȽɇ ȽɎɏɍσɁɇɟɏɇσɒɍ ȋȾɉɚɎɂ ɁɇȽɜɏɂσɄ Ɋɂ ɒɍ ɊɄɁɚɋȌ.                                       
 

PEVQ (Perceptual Evaluation of Video Quality) 
 Ȫ ȽɉɀɟɏɇɅɊɍς ɊɚɒɏɄσɄς PEVQ (Perceptual Evaluation of Video Quality) ȽɎɍɒɂɉɂɜ ɚɋȽɋ ȽɉɀɟɏɇɅɊɍ ɀɇȽ ɒɄɋ ȽɌɇɍɉɟɀɄσɄ   ɒɄς ɎɍɇɟɒɄɒȽς ɒɄς ɂɇɈɟɋȽς ɂɋɟς Ⱦɜɋɒɂɍ.  

 PEVQ ɂɜɋȽɇ ȽɉɀɟɏɇɅɊɍς Ɏɉɛɏɍɓς ȽɋȽɔɍɏəς(FRȌ ɈȽɇ ȽɋȽɉɠɂɇ pixel-by-pixel ɒɄɋ ɂɇɈɟɋȽ Ɋɂɒə ȽɎɟ ɊɇȽ Ɏɏɍσɘɏɇɋɛ ɂɓɅɓɀɏəɊɊɇσɄ ȋɎɍɓ ȽɋȽɔɚɏɂɒȽɇ ɂɎɜσɄς ɘς «Ɏɏɍσɘɏɇɋɛ ɈȽɒȽɖώɏɄσɄ»Ȍ ɒɘɋ Ƚɋɒɜσɒɍɇɖɘɋ ɎɉȽɇσɜɘɋ ȽɋȽɔɍɏəς ɈȽɇ ɒɍɓ σɛɊȽɒɍς(test signal). Ȯɍ PEVQ MOS(Perceptual Evaluation of Video Quality ȧean Ȫpinion Score) ɈɓɊȽɜɋɂɒȽɇ ȽɎɟ ͳ ȋɈȽɈɛȌ ɚɘς ͷ ȋəɏɇσɒȽȌ. 
 Ȫ ȽɉɀɟɏɇɅɊɍς ɊɚɒɏɄσɄς ɊɎɍɏɂɜ ɋȽ ɂɔȽɏɊɍσɒɂɜ ɀɇȽ ɒɄɋ ȽɋəɉɓσɄ visible artifacts Ɏɍɓ ɎɏɍɈȽɉɍɠɋɒȽɇ ȽɎɟ ɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ/ȽɎɍɈɘɁɇɈɍɎɍɜɄσɄ ɂɋɟς ɗɄɔɇȽɈɍɠ Ⱦɜɋɒɂɍ, ɀɇȽ ɒȽ ɁɜɈɒɓȽ RF-ɛ IP-based ɁɇɈɒɠɘɋ.  ȧɎɍɏɂɜ ɋȽ ɂɔȽɏɊɍσɒɂɜ σɂ ɁɜɈɒɓȽ ɂɎɟɊɂɋɄς ɀɂɋɇəς ɈȽɇ ɒɇς ɓɎɄɏɂσɜɂς ɈɇɋɄɒώɋ ɒɄɉɂɔώɋɘɋ ɈȽɇ σɒɇς IPTV ɒɄɉɂɍɏəσɂɇς ɒɓɎɇɈɛς ɈȽɇ ɓɗɄɉɛς ɂɓɈɏɜɋɂɇȽς, σɒȽ Ⱦɜɋɒɂɍ σɓɋɂɖɍɠς ɏɍɛς ɈȽɇ σɒɄɋ ɒɄɉɂɔɘɋɜȽ Ɋɚσɘ Ⱦɜɋɒɂɍ. 

 

 

 

 

http://en.wikipedia.org/wiki/Mean_opinion_score
http://en.wikipedia.org/wiki/Mean_opinion_score


 14 

 

 

 

         ȥɂɔəɉȽɇɍ 3 
                                    

Ȯɍ ɎɏɟɒɓɎɍ HEVC/Ȣ.ʹ͸ͷ 

 ȫɂɏɇɀɏȽɔɛ  
 Ȫ ɓɗɄɉɛς ȽɎɟɁɍσɄς ɈɘɁɇɈɍɎɍɇɄɒɛς Ⱦɜɋɒɂɍ HEVC ɛ High Efficiency Video Coding ɛ Ȣ.265 ɂɜɋȽɇ Ɋɍɏɔɛȋformat) σɓɊɎɜɂσɄς Ⱦɜɋɒɂɍ, ɁɇəɁɍɖɍς ɒɍɓ H.264/MPEG-4 ɛ AVC 

(Advanced Video Coding). Ȯɍ ɎɏɟɒɓɎɍ HEVC ȽɎɍɒɂɉɂɜ ɒɍ Ɏɇɍ ɎɏɟσɔȽɒɍ  Ɏɏɍϊɟɋ ɒɄς σɓɋɂɏɀȽσɜȽς ɒɍɓ ITU-T Video Coding Experts Group ɈȽɇ ɒɍɓ ISO/IEC MPEG (Ʉ σɓɋɂɏɀȽσɜȽ Ƚɓɒɛ ɖȽɏȽɈɒɄɏɜɃɂɒȽɇ ȽɎɟ ɒɄɋ ɍɋɍɊȽσɜȽ Joint Collaborative Team on 

Video Coding - JCT-VC).   Ȯɍ HEVC ȽɋȽɊɚɋɂɒȽɇ ɋȽ ɁɇɎɉȽσɇəσɂɇ ɒɍɋ ɟɀɈɍ ɁɂɁɍɊɚɋɘɋ ɓɎɟ σɓɊɎɜɂσɄ σɂ σɠɀɈɏɇσɄ Ɋɂ (.ʹ͸Ͷ/MPEG-Ͷ AVC ɁɇȽɒɄɏώɋɒȽς ɒɍ ɜɁɇɍ ɂɎɜɎɂɁɍ ɎɍɇɟɒɄɒȽς Ⱦɜɋɒɂɍ.  
 Ȣ ɎɏώɒɄ ɚɈɁɍσɄ ɒɍɓ ɎɏɍɒɠɎɍɓ ɍɉɍɈɉɄɏώɅɄɈɂ ɈȽɇ ɁɄɊɍσɇɂɠɅɄɈɂ σɒɇς Ƚɏɖɚς ɒɍɓ 
2013. Ȯɍ ɚɏɀɍ ɎɏɍȾɉɚɎɂɒȽɇ ɋȽ ɂɎɂɈɒȽɅɂɜ σɒɄɋ ɇɈȽɋɍɎɍɜɄσɄ ɒɘɋ ȽɎȽɇɒɛσɂɘɋ ɁɇȽɔɍɏɂɒɇɈɍɠ ɒɠɎɍɓ ɂɔȽɏɊɍɀώɋ, σɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ ɒɍɓ video ɈȽɇ σɒɇς ȽɎȽɇɒɛσɂɇς ɒɄς ͵D ɎɏɍȾɍɉɛς.  Ȣ σɓɋɂɏɀȽσɜȽ ɒɘɋ Ɂɠɍ ɍɏɀȽɋɇσɊώɋ ɈȽɇ Ʉ ȽɋəɎɒɓɌɄ ɒɍɓ ɋɚɍɓ ɎɏɍɒɠɎɍɓ ȾȽσɜσɒɄɈɂ σɒɇς ɎȽɏɂɉɅɍɠσɂς ɂɎɇɒɓɖɄɊɚɋɂς σɓɋɂɏɀȽσɜɂς ɒɍɓς σɒȽ H.262/MPEG-ʹ ɈȽɇ 
H.264/MPEG-Ͷ ɎɏɟɒɓɎȽ, ɒȽ ɍɎɍɜȽ ɂɔȽɏɊɟσɒɄɈȽɋ Ɋɂ ɊɂɀəɉɄ ɂɎɇɒɓɖɜȽ ɈȽɇ ɎȽɏɍɓσɜȽσȽɋ ɓɗɄɉɍɠ ȾȽɅɊɍɠ ɁɇɂɇσɁɓɒɇɈɟɒɄɒȽ. Έɒσɇ ɒɍ ɋɚɍ ɎɏɟɒɓɎɍ ɚɖɂɇ σȽɋ Ɉɠɏɇɍ σɒɟɖɍ ɋȽ ȽɎɍɒɂɉɚσɂɇ ɊɜȽ ȽɋȽȾȽɅɊɇσɊɚɋɄ σɓɋɚɖɂɇȽ Ƚɓɒώɋ. Ȯɍ Ɏɇɍ ɎɏɟσɔȽɒɍ ȽɎɟ Ƚɓɒə ȽɎɂɒɚɉɂσɂ ɒɍ ɅɂɊɚɉɇɍ ɒɄς ɎɏɍσɎəɅɂɇȽς Ƚɓɒɛς, Ƚɔɍɠ ȽɋȽɎɒɠɖɅɄɈɂ ɒɄɋ ɎɂɏɜɍɁɍ ͳͻͻͻ - ʹͲͲ͵ ɈȽɇ ȽɋȽȾȽɅɊɜσɒɄɈɂ ɒɄɋ ɎɂɏɜɍɁɍ ʹͲͲ͵ - ʹͲͲͻ. ȠɜɋȽɇ Ɋɚɖɏɇ ɈȽɇ σɛɊɂɏȽ ɒɍ ȾȽσɇɈɟ ɎɏɟɒɓɎɍ ɀɇȽ ɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ ɈȽɇ ɒɄɋ ɊɂɒəɁɍσɄ video. ȱɏɄσɇɊɍɎɍɇɂɜɒȽɇ σɂ ɊɜȽ ɊɂɀəɉɄ ɀɈəɊȽ ɂɔȽɏɊɍɀώɋ ɟɎɘς ɊɂɒəɁɍσɄ ɓɗɄɉɛς 
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ɂɓɈɏɜɋɂɇȽς ȋHigh Definition - HDȌ ɒɄɉɂɍɎɒɇɈɍɠ σɛɊȽɒɍς Ɋɚσɘɋ ɁɍɏɓɔɍɏɇɈώɋ ɈȽɇ ɂɋσɠɏɊȽɒɘɋ  ɃɂɠɌɂɘɋ, σɓσɒɛɊȽɒȽ ɁɇȽɖɂɜɏɇσɄς ɈȽɇ ɂɎɂɌɂɏɀȽσɜȽς video, σɓσɈɂɓώɋ ɉɛɗɄς, σɓσɒɛɊȽɒȽ ȽσɔȽɉɂɜȽς, ɁɇȽɁɇɈɒɓȽɈɟ ɈȽɇ ȽσɠɏɊȽɒɍ ɁɇɈɒɓȽɈɟ video, Blu-ray 

Discs ɈȽɇ video ɂɎɇɈɍɇɋɘɋɜɂς ɎɏȽɀɊȽɒɇɈɍɠ ɖɏɟɋɍɓ. Ȣ ɍɊəɁȽ ȽɋəɎɒɓɌɄς, ɂɈɒɟς ȽɎɟ ɒɄ ɀɏȽɎɒɛ ɎɂɏɇɀɏȽɔɛ ɒɍɓ ɋɚɍɓ Ɋɍɋɒɚɉɍɓ, ɎȽɏɚɖɂɇ σɒɇς ɂɒȽɇɏɂɜɂς Ɏɍɓ ɁɏȽσɒɄɏɇɍɎɍɇɍɠɋɒȽɇ σɒɄɋ ɈȽɒȽσɈɂɓɛ σɓσɈɂɓώɋ ɛ ɒɄɋ ɎȽɏɍɖɛ ɓɎɄɏɂσɇώɋ Ⱦɜɋɒɂɍ, ɓɎɍɁɂɇɀɊȽɒɇɈɟ ɈώɁɇɈȽ ɖɏɄσɇɊɍɎɍɜɄσɄς ɒɍɓ. 
 Ȣ σɓɋɂɖɛς ȽɋəɁɂɇɌɄ ɋɚɘɋ ɓɎɄɏɂσɇώɋ, ɒɍ ȽɓɌȽɋɟɊɂɋɍ ɎɉɛɅɍς ɒɍɓ Ɉɍɇɋɍɠ Ɏɍɓ ɂɎɇɅɓɊɂɜ ɎɏɟσȾȽσɄ σɂ HD video ɈȽɇ Ʉ ɂɊɔəɋɇσɄ ɋɚɘɋ HD Ɋɍɏɔώɋ, ɁɄɊɇɍɓɏɀɍɠɋ ɒɄɋ ȽɋəɀɈɄ ɀɇȽ ȽɎɍɁɍɒɇɈɟɒɂɏɄ ɈɘɁɇɈɍɎɍɜɄσɄ σɂ σɖɚσɄ Ɋɂ Ƚɓɒɛɋ ɒɍɓ H.264/MPEG-4. ȠɇɁɇɈɟɒɂɏȽ ɟɒȽɋ Ʉ ɈɇɋɍɠɊɂɋɄ ɂɇɈɟɋȽ σɓɋɍɁɂɠɂɒȽɇ ȽɎɟ ɎɍɇɍɒɇɈɟ ɛɖɍ. Ȫɇ ȽɎȽɇɒɛσɂɇς ɀɜɋɍɋɒȽɇ ɊɂɀȽɉɠɒɂɏɂς Ƚɋ ɒɂɅɍɠɋ ɓɎɟɗɄ ɟɒɇ ɍɇ ɂɔȽɏɊɍɀɚς Ⱦɜɋɒɂɍ ɎɏɍσȽɋȽɒɍɉɜɃɍɋɒȽɇ σɂ ɂɔȽɏɊɍɀɚς ɀɇȽ ɚɌɓɎɋȽ ɈɇɋɄɒə ɒɄɉɚɔɘɋȽ ɈȽɇ σɓɋȽɔɂɜς σɓσɈɂɓɚς ȋsmartphones, tablets Ȍ ɛ ɒȽ σɓσɒɛɊȽɒȽ ɎȽɏɍɖɛς ɓɎɄɏɂσɇώɋ video on 

demand. ȫȽɏəɉɉɄɉȽ ɎəɋɒȽ ɂɌɂɒəɃɂɒȽɇ Ʉ ɁɓɋȽɒɟɒɄɒȽ ɂɎɜɒɂɓɌɄς ȾɂɉɒɇɘɊɚɋɄς ɎɍɇɟɒɄɒȽς ɂɇɈɟɋȽς.  Ȯɍ HEVC σɖɂɁɇəσɒɄɈɂ ɀɇȽ ɋȽ ɂɌɓɎɄɏɂɒɛσɂɇ ȽɎɍɁɍɒɇɈɟɒɂɏȽ ɒɇς ɂɔȽɏɊɍɀɚς Ɏɍɓ Ɋɚɖɏɇ σɛɊɂɏȽ ɈȽɉɠɎɒɍɋɒȽɇ ȽɎɟ ɒɍ H.264/MPEG-Ͷ ɈȽɇ ɂɎɇɎɉɚɍɋ ɋȽ ɂɎɇɒɠɖɂɇ ȽɠɌɄσɄ ɒɄς ɎɍɇɟɒɄɒȽς ɒɍɓ Ⱦɜɋɒɂɍ ɈȽɇ ɒɄ ɁɓɋȽɒɟɒɄɒȽ ɒɄς ɎȽɏəɉɉɄɉɄς ɂɎɂɌɂɏɀȽσɜȽς. ȭɒɍ ɎɏɟɒɓɎɍ ɒɄς ɈɘɁɇɈɍɎɍɜɄσɄς ɒɍɓ HEVC Ʉ ɁɍɊɛ ɒɍɓ bitstream ɈȽɇ ɍɇ Ƚɋɒɇσɒɍɇɖɜɂς Ɏɍɓ ɖɏɄσɇɊɍɎɍɇɍɠɋɒȽɇ ɀɇȽ ɒɄɋ ȽɎɍɈɘɁɇɈɍɎɍɜɄσɄ ɒɘɋ ɂɇɈɟɋɘɋ ɎȽɏȽɊɚɋɍɓɋ ɜɁɇɂς. Ȣ ȽɋɒɇσɒɍɜɖɇσɄ ȋmappingȌ ɎɏɍɈɠɎɒɂɇ ȽɎɟ ɒɄ ɁɇȽɁɇɈȽσɜȽ ɒɍɓ ɈȽɅɍɏɇσɊɍɠ ɒɍɓ ɒɏɟɎɍɓ Ɏɍɓ Ɋɂ ɒɍɋ ɍɎɍɜɍ ɈəɅɂ ȽɎɍɈɘɁɇɈɍɎɍɇɄɒɛς ȽɋɒɇɉȽɊȾəɋɂɒȽɇ ɒɍ ɉȽɊȾȽɋɟɊɂɋɍ bitstream ɈȽɇ Ɏɘς Ƚɓɒɟς ɒɍ ɊɂɒȽɒɏɚɎɂɇ σɂ ɂɇɈɟɋȽ. ȭɒɟɖɍς ɂɜɋȽɇ ɒɍ σɠɋɍɉɍ ɒɘɋ σɓσɈɂɓώɋ ɋȽ ɎȽɏəɀɂɇ ɒɄɋ ɜɁɇȽ ɂɇɈɟɋȽ ȽɎɟ ɒɍ ɜɁɇɍ bitstream.  
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3.1    ȭɠɀɈɏɇσɄ ɒɍɓ ȢȠVC Ɋɂ ɒɍ H.264  

 Ȫ Ȣ.ʹ͸Ͷ/AVC ɛɒȽɋ ɍ ɈɓɏɜȽɏɖɍς ɈɘɁɇɈɍɎɍɇɄɒɛς Ⱦɜɋɒɂɍ Ƚɉɉə Ɂɂɋ ɛɒȽɋ Ɏɍɉɠ ȽɎɍɁɍɒɇɈɟς ɟɒȽɋ ɈɘɁɇɈɍɎɍɇɍɠσɂ ɓɗɄɉɛς ȽɋəɉɓσɄς Ⱦɜɋɒɂɍ. Ȧɟɀɘ ɒɄς ȽɋəɀɈɄς ɀɇȽ ɈəɉɓɗɄ σɂ ɋɚɂς ɂɔȽɏɊɍɀɚς Ɏɍɓ ȽɎȽɇɒɍɠσȽɋ ɓɗɄɉɛς ȽɋəɉɓσɄς ɂɇɈɟɋɂς ȽɋȽɎɒɠɖɅɄɈɂ ɍ ɈɘɁɇɈɍɎɍɇɄɒɛς Ⱦɜɋɒɂɍ ɍ HEVC/H.265.   Ȣ ɋɚȽ σɓɊɎɜɂσɄ Ɏɍɓ ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ ȽɎɟ ɒɍ High Efficiency Video Coding –HEVC– ɚɖɂɇ ɁɇɎɉəσɇȽ ȽɎɍɁɍɒɇɈɟɒɄɒȽ σɂ σɖɚσɄ Ɋɂ Ƚɓɒɛ ɒɍɓ H.ʹ͸Ͷ. Ȝɓɒɟ σɄɊȽɜɋɂɇ ɟɒɇ ɀɇȽ ɒɄɋ ɜɁɇȽ ɎɍɇɟɒɄɒȽ ɂɇɈɟɋȽς ɍ  HEVC ɖɏɄσɇɊɍɎɍɇɂɜ σɖɂɁɟɋ ɒɍ Ɋɇσɟ bit-rate σɂ σɖɚσɄ Ɋɂ ɒɍɋ H.264.  Ȫ ɋɚɍς ɈɘɁɇɈɍɎɍɇɄɒɛς, ɍ ɍɎɍɜɍς ɓɎɍσɒɄɏɜɃɂɇ ȽɋəɉɓσɄ ͺK, ɖɏɄσɇɊɍɎɍɇɂɜ ɊɂɀȽɉɠɒɂɏȽ ɊɎɉɍɈ ɂɇɈɟɋȽς, Ɋɚɖɏɇ ͸Ͷx64pixels ȋȽɋɒɜ ͳ͸ȱͳ͸ ɒɍɓ Ȣ.ʹ͸Ͷ ɛ AVCȌ, ɈȽɉɠɒɂɏɄ ɓɎɍɈȽɒɄɀɍɏɇɍɎɍɜɄσɄ ɒɄς ɂɇɈɟɋȽς σɂ ɊɂɒȽȾɉɄɒɍɠ ɊɂɀɚɅɍɓς Ɏɂɏɇɍɖɚς Ɋɂ quad-free 

partitioning ȋȽɋɒɜ ɒɘɋ σɓɊɊɂɒɏɇɈώɋ ɒɍɓ AVC) ɈȽɇ ͵ͷ intra-modes.  

 ȫɏɍɒəɅɄɈɂ ȽɎɟ ɒɄɋ Motion Pictures Expert Group (MPEGȌ ɘς ɊɜȽ ɎɏɍσɎəɅɂɇȽ ɀɇȽ ȽɠɌɄσɄ ɒɄς σɓɊɎɜɂσɄς ɒɍɓ ɊɂɒȽɁɇɁɟɊɂɋɍɓ Ⱦɜɋɒɂɍ Ɋɂ ɒȽɓɒɟɖɏɍɋɄ ɁɇȽɒɛɏɄσɄ ɒɄς ɎɍɇɟɒɄɒȽς σɂ ɓɗɄɉə ɂɎɜɎɂɁȽ ώσɒɂ ɋȽ ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ ɉɇɀɟɒɂɏɍ ɂɠɏɍς ɃώɋɄςȋbandwidth) ɈȽɇ ɋȽ ɂɜɋȽɇ ɂɔɇɈɒɛ Ʉ ȽɋȽɊɂɒəɁɍσɄ ɛ ɒɍ ɈȽɒɚȾȽσɊȽ Ⱦɜɋɒɂɍ Ɋɂ ɁɇɎɉəσɇȽ ɒȽɖɠɒɄɒȽ.  Ȯɍ ȾȽσɇɈɟɒɂɏɍ ɎɉɂɍɋɚɈɒɄɊȽ ɒɍɓ ɋɚɍɓ ɎɏɍɒɠɎɍɓ ɂɜɋȽɇ ɟɒɇ ȽɎȽɇɒɂɜ ɒɍ Ɋɇσɟ ɂɠɏɍς ɃώɋɄς ɀɇȽ ɒɄ ɊɂɒəɁɍσɄ ɎɂɏɇɂɖɍɊɚɋɍɓ ɓɗɄɉɛς ɂɓɈɏɜɋɂɇȽς σɂ σɖɚσɄ Ɋɂ ɒɍ H.ʹ͸Ͷ. Ȝɋɒɜ ɀɇȽ σɒɍɇɖɂɜȽ ͳ͸×ͳ͸ pixels, ɒɍ ɋɚɍ ɎɏɟɒɓɎɍ ɖɘɏɜɃɂɇ ɒɄ σɓɋɍɉɇɈɛ ɂɇɈɟɋȽ σɂ σɒɍɇɖɂɜȽ 
64×64 pixels ɈȽɇ Ƚɓɒɟ ɍɁɄɀɂɜ σɂ ɈɚɏɁɍς σɒɄɋ ȽɎɂɇɈɟɋɇσɄ ɒɄς ɈɜɋɄσɄς ɒɄς ɂɇɈɟɋȽς.  
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3.2 ȥɘɁɇɈɍɎɍɜɄσɄ 

 Ȯɍ ɎɏɟɒɓɎɍ H.ʹ͸ͷ σɖɂɁɇəσɒɄɈɂ ɀɇȽ ɋȽ ɂɎɇɒɂɓɖɅɂɜ: 
 ȜɎɍɁɍɒɇɈɛ ɈɘɁɇɈɍɎɍɜɄσɄ 

 ȠɠɈɍɉɄ ɊɂɒəɁɍσɄ σɂ ɂɒɂɏɍɀɂɋɛ σɓσɒɛɊȽɒȽ 

 ȟɓɋȽɒɟɒɄɒȽ ɎȽɏəɉɉɄɉɄς ɂɎɂɌɂɏɀȽσɜȽς Ȯɍ ɂɎɜɎɂɁɍ ɈɘɁɇɈɍɎɍɜɄσɄς ɒɍɓ Ⱦɜɋɒɂɍ σɒɍ HEVC ɖɏɄσɇɊɍɎɍɇɂɜ ɒɄɋ ɜɁɇȽ ɓȾɏɇɁɇɈɛ ɎɏɍσɚɀɀɇσɄ Ɏɍɓ ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ σɂ ɟɉȽ ɒȽ ȽɋɒɜσɒɍɇɖȽ ɎɏɟɒɓɎȽ ȽɎɟ ɒɍ H.ʹ͸ͳ ɈȽɇ Ɋɂɒə. ȭɒɄɋ ɂɇɈɟɋȽ 2.1.ͳ ɎȽɏɇσɒəɋɂɒȽɇ ɚɋȽς ɓȾɏɇɁɇɈɟς ɈɘɁɇɈɍɎɍɇɄɒɛς Ⱦɜɋɒɂɍ Ɏɍɓ ɎȽɏəɀɂɇ 
bitstream Ɏɍɓ σɓɊɊɍɏɔώɋɂɒȽɇ σɒɍ ɎɏɟɒɓɎɍ ɒɍɓ HEVC. ȥəɅɂ ɂɇɈɟɋȽ ɁɇȽɇɏɂɜɒȽɇ σɂ Ɏɂɏɇɍɖɚς ȋblocksȌ ɈȽɇ ɈəɅɂ ɚɋȽ ȽɎɟ Ƚɓɒə ɍɁɄɀɂɜɒȽɇ σɒɍɋ ȽɎɍɈɘɁɇɈɍɎɍɇɄɒɛ.  

 

 ȠɇɈɟɋȽ  1  TɓɎɇɈɟς HEVC video encoder(decoder modeling elements - ɀɈɏɇ ɖɏώɊȽ), ȟɇȽɁɇɈɒɓȽɈɛ ȫɄɀɛ:[01]. 
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Ȣ ɎɏώɒɄ ɂɇɈɟɋȽ ɒɄς ȽɈɍɉɍɓɅɜȽς ɂɋɟς video ɈɘɁɇɈɍɎɍɇɂɜɒȽɇ Ɋɂ ɒɄɋ ɖɏɛσɄ Ɋɟɋɍ ɒɄς ɂσɘɒɂɏɇɈɛς ɎɏɟȾɉɂɗɄς ȋintrapicture predictionȌ. Ȣ ɒɂɖɋɇɈɛ Ƚɓɒɛ ɖɏɄσɇɊɍɎɍɇɂɜ ɈəɎɍɇȽ ɎɏɟȾɉɂɗɄ ɁɂɁɍɊɚɋɘɋ Ɋɂ ȾəσɄ ɒɇς Ɏɂɏɇɍɖɚς ɒɄς ɜɁɇȽς ɂɇɈɟɋȽς ɈȽɇ Ɂɂɋ ȾȽσɜɃɂɒȽɇ σɂ əɉɉɂς ɂɇɈɟɋɂς. Όɉɂς ɍɇ ɓɎɟɉɍɇɎɂς ɂɇɈɟɋɂς ɒɄς ȽɈɍɉɍɓɅɜȽς ɂɔȽɏɊɟɃɂɒȽɇ Ʉ ɒɂɖɋɇɈɛ ɒɄς ɊɂɒȽɌɠ ɒɘɋ ɂɇɈɟɋɘɋ ɎɏɟȾɉɂɗɄς ȋinterpicture predictionȌ. Ȣ ɒɂɖɋɇɈɛ Ƚɓɒɛ ȾȽσɜɃɂɒȽɇ σɒɄɋ ɂɎɇɉɍɀɛ ɊɜȽς ȾȽσɇɈɛς ɂɇɈɟɋȽς ɈȽɇ ɂɋɟς ɁɇȽɋɠσɊȽɒɍς ɈɜɋɄσɄς 
(Motion Vector - MVȌ ώσɒɂ ɋȽ ɀɜɋɂɇ Ʉ ɎɏɟȾɉɂɗɄ ɀɇȽ ɒɄɋ Ɋɍɏɔɛ ɒɍɓ ɈəɅɂ block. Ȯɟσɍ ɍ ɈɘɁɇɈɍɎɍɇɄɒɛς ɟσɍ ɈȽɇ ɍ ȽɎɍɈɘɁɇɈɍɎɍɇɄɒɛς ɁɄɊɇɍɓɏɀɍɠɋ ɈȽɒəɉɉɄɉɂς 
interpicture ɎɏɍȾɉɚɗɂɇς ɀɇȽ ɒȽ σɛɊȽɒȽ Ɏɍɓ σɒɚɉɋɍɓɋ ɛ ɉȽɊȾəɋɍɓɋ Ɋɂ ɒɄɋ ɂɔȽɏɊɍɀɛ Motion Compensation (MCȌ, ɒɄɋ ɖɏɛσɄ ɒɘɋ MV ɈȽɇ mode decision ɁɂɁɍɊɚɋȽ Ɏɍɓ ɎȽɏɚɖɍɋɒȽɇ σȽɋ ɊɂɒȽ-ɎɉɄɏɍɔɍɏɜȽ.  
 Ȫ ɈɘɁɇɈɍɎɍɇɄɒɛς ɁɇɎɉȽσɇəɃɂɇ ɒɍɋ ɈɠɈɉɍ ɂɎɂɌɂɏɀȽσɜȽς ɒɍɓ ȽɎɍɈɘɁɇɈɍɎɍɇɄɒɛ ɚɒσɇ ώσɒɂ ɈȽɇ ɍɇ Ɂɠɍ ɋȽ ɎȽɏəɀɍɓɋ ɈȽɒəɉɉɄɉɂς ɎɏɍȾɉɚɗɂɇς ɀɇȽ ɁɇȽɁɍɖɇɈə ɁɂɁɍɊɚɋȽ. Έɒσɇ ɒȽ ȽɎɍɒɂɉɚσɊȽɒȽ ɒɄς ɈȾȽɋɒɇɈɛς ɊɂɒȽɒɏɍɎɛς σɖɄɊȽɒɍɎɍɇɍɠɋɒȽɇ Ɋɂ inverse scaling ɒɍɓ ɎȽɏɂɊȾȽɉɉɟɊɂɋɍɓ σɛɊȽɒɍς. Ȣ ɂɇɈɟɋȽ Ɏɍɓ ɎɏɍɈɠɎɒɂɇ ȽɎɍɅɄɈɂɠɂɒȽɇ  ɀɇȽ ɋȽ ɖɏɄσɇɊɍɎɍɇɄɅɂɜ ɀɇȽ ɒɄɋ ɎɏɟȾɉɂɗɄ ɒɘɋ ɂɎɟɊɂɋɘɋ ɂɇɈɟɋɘɋ. Ȯɍ ɎɏɟɒɓɎɍ ɎɏɍȾɉɚɎɂɇ ɒȽɓɒɟɖɏɍɋȽ ɈȽɇ ɒɄɋ ɖɏɛσɄ Ɋɂɒə-ɎɉɄɏɍɔɍɏɇώɋ ώσɒɂ ɋȽ ȽɋɒɇɊɂɒɘɎɇσɒɂɜ ɈȽɇ Ʉ ɎɂɏɜɎɒɘσɄ ɒɄς ɂɎɂɌɂɏɀȽσɜȽς interlaced ɎɉȽɇσɜɘɋ ώσɒɂ Ƚɓɒə ɋȽ ȽɎɍσɒɚɉɉɍɋɒȽɇ σȽɋ HEVC ɈɘɁɇɈɍɎɍɇɄɊɚɋɂς ɂɇɈɟɋɂς. Έɒσɇ ɂɎɇɒɓɀɖəɋɂɒȽɇ Ʉ ɈɘɁɇɈɍɎɍɜɄσɄ ɒɚɒɍɇɍɓ ɂɜɁɍɓς Ⱦɜɋɒɂɍ ɖɘɏɜς ɋȽ ɂɜɋȽɇ ȽɎȽɏȽɜɒɄɒɍ ɋȽ ɂɎɇȾȽɏɠɋɂɒȽɇ ɍ ȽɎɍɈɘɁɇɈɍɎɍɇɄɒɛς Ɋɂ ɒɄɋ ȽɋəɀɈɄ ɓɎɍσɒɛɏɇɌɄς ɂɎɇɎɉɚɍɋ ɁɇȽɁɇɈȽσɇώɋ. 
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ȮȽ ȾȽσɇɈə σɒɍɇɖɂɜȽ ɒɄς ɁɇȽɁɇɈȽσɜȽς ɂɜɋȽɇ: 
 Coding Tree Units ɈȽɇ Coding Tree Blocks: Ȣ ɈȽɏɁɇə ɒɄς ɈɘɁɇɈɍɎɍɜɄσɄς σɒȽ ɎȽɏɂɉɅɟɋɒȽ ɎɏɟɒɓɎȽ ɛɒȽɋ Ʉ ɖɏɛσɄ ɒɘɋ macroblocks 

(16×16 block luma samples, 4:2:0 color sampling, Ɂɠɍ ȽɋɒɜσɒɍɇɖȽ ͺ×ͺ blocks 

chroma samplesȌ. Ȯɍ Ƚɋɒɜσɒɍɇɖɍ σɒɍɇɖɂɜɍ ɀɇȽ ɒɍ (EVC ɂɜɋȽɇ ɒɍ Coding Tree Unit ɒɍ ɍɎɍɜɍ ɊɎɍɏɂɜ ɋȽ ɚɖɂɇ ɊɚɀɂɅɍς ɒɍɓɉəɖɇσɒɍɋ ɟσɍ ɚɋȽ ɎȽɏȽɁɍσɇȽɈɟ macroblock ɒɍ ɍɎɍɜɍ ɊɎɍɏɂɜ ɋȽ ɂɎɂɈɒȽɅɂɜ ȽɋəɉɍɀȽ Ɋɂ ɒɍɋ ɈɘɁɇɈɍɎɍɇɄɒɛ. Ȝɓɒɟ ȽɎɍɒɂɉɂɜɒȽɇ ȽɎɟ 16×16 block luma samples, 4:2:0 color sampling, Ɂɠɍ ȽɋɒɜσɒɍɇɖȽ  8×8 blocks 

chroma samples. ȯɎɍσɒɄɏɜɃɂɒȽɇ ɂɎɜσɄς Ʉ ɁɇȽɜɏɂσɄ ɒɍɓ σɂ ɊɇɈɏɟɒɂɏȽ σɒɍɇɖɂɜȽ ɖɏɄσɇɊɍɎɍɇώɋɒȽς ɒɄɋ ɁɂɋɁɏɍɂɇɁɛ Ɋɍɏɔɛ.  
 Coding Units (CU) ɈȽɇ Coding Blocks (CB): Ȣ σɠɋɒȽɌɄ ɒɘɋ CTU ɈȽɅɍɏɜɃɍɓɋ ɒɍ ɊɚɀɂɅɍς ɈȽɇ ɒɄɋ ɅɚσɄ ɒɍɓ luma ɈȽɇ ɒɍɓ chroma ɒɍɓ CB. Ȣ ɏɜɃȽ ɒɍɓ ɂɜɋȽɇ σɖɂɒɇɈɛ Ɋɂ ɒɍ CTU. Έɒσɇ ɒɍ ɊɚɀɂɅɍς ɒɍɓ luma CTB ɂɜɋȽɇ ɒɍ Ɋɚɀɇσɒɍ Ɏɍɓ ɊɎɍɏɂɜ ɋȽ ɓɎɍσɒɄɏɜɌɂɇ ɚɋȽ luma CB. Ȣ ɁɇəσɎȽσɄ ɒɍɓ CTU σɂ luma ɈȽɇ chroma CB ɊɂɒȽɒɏɚɎɂɒȽɇ σɂ σɛɊȽ. ΈɋȽ luma CB ɈȽɇ Ɂɠɍ chroma CB  Ɋɂ ɒɄɋ ɈȽɒəɉɉɄɉɄ σɠɋɒȽɌɄ σɖɄɊȽɒɜɃɍɓɋ ɚɋȽ CU. ΈɋȽ CTB ɊɎɍɏɂɜ ɋȽ Ɏɂɏɇɚɖɂɇ Ɋɟɋɍ ɚɋȽ CU ɛ ɊɎɍɏɂɜ ɋȽ ɁɇȽσɎəɒȽɇ σɂ ɎɍɉɉȽɎɉə CU, Ɋɂ ɈəɅɂ ɚɋȽ ȽɎɟ Ƚɓɒə ɋȽ ɚɖɂɇ ɚɋȽ Ƚɋɒɜσɒɍɇɖɍ Ɋɚɏɍς σɂ Prediction Unit ɈȽɇ σɂ ɁɚɋɁɏɍ ȽɎɟ Transform Units ȋTUȌ. ȭɒɄɋ ɂɎɟɊɂɋɄ ɂɇɈɟɋȽ ɔȽɜɋɂɒȽɇ Ʉ ɁɇȽɜɏɂσɄ ɂɋɟς CTB σɂ CB. Ȫɇ σɓɋɂɖɟɊɂɋɂς ɀɏȽɊɊɚς ɎɏɍσɁɇɍɏɜɃɍɓɋ ɒȽ ɟɏɇȽ ɒɘɋ Tree Blocks ɂɋώ ɔȽɜɋɂɒȽɇ ɈȽɇ ɒɍ Ƚɋɒɜσɒɍɇɖɍ 

quadtree. 

 

 

  ȠɇɈɟɋȽ  2 ɁɇȽɜɏɂσɄ ɂɋɟς CTB σɂ CB ȟɇȽɁɇɈɒɓȽɈɛ ȫɄɀɛ:[01]. 
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 Prediction Units (PU) ɈȽɇ Prediction Blocks (PB): Ȣ ȽɎɟɔȽσɄ ɀɇȽ ɒɍ Ƚɋ Ʉ ɈɘɁɇɈɍɎɍɜɄσɄ ɊɜȽς ɂɇɈɟɋȽς ɅȽ ɀɜɋɂɇ Ɋɂ intrapicture ɛ interpicture prediction ɀɜɋɂɒȽɇ σɂ ɂɎɜɎɂɁɍ CU. ȧɜȽ PU ɁɇəσɎȽσɄ ɚɖɂɇ ɒɄɋ ɏɜɃȽ ɒɄς σɒɍ ɂɎɜɎɂɁɍ ɒɍɓ CU. ȜɋəɉɍɀȽ Ɋɂ ɒɍɋ ȾȽσɇɈɟ ɒɠɎɍ ɎɏɟȾɉɂɗɄς ɒɍ Luma ɈȽɇ ɒɍ chroma CB ɊɎɍɏɂɜ ɂɎɇɎɉɚɍɋ ɋȽ ɁɇȽσɎȽσɒɂɜ σɂ ɊɇɈɏɟɒɂɏɍ ɊɚɀɂɅɍς ɈȽɇ ɋȽ ɎɏɍȾɉɂɔɒɂɜ ȽɎɟ ɒȽ luma ɈȽɇ chroma prediction blocks. Ȯɍ (EVC ɓɎɍσɒɄɏɜɃɂɇ ɊɂɀɚɅɄ ȽɎɟ ͸Ͷȱ͸Ͷ Ɋɚɖɏɇ ͶȱͶ. 
 Transform Units (TU) ɈȽɇ Transform Blocks (PB): To prediction 

residual ɈɘɁɇɈɍɎɍɇɂɜɒȽɇ Ɋɂ ɒɄɋ ɖɏɛσɄ block ɊɂɒȽɒɏɍɎώɋ. ΈɋȽ TU ɁɚɋɁɏɍ ɚɖɂɇ ɒɄɋ ɏɜɃȽ ɒɍɓ σɒɍ CU ɂɎɜɎɂɁɍ. Ȯɍ ɓɎɟɉɍɇɎɍ luma CB ɊɎɍɏɂɜ ɋȽ ɂɜɋȽɇ ɜɁɇɍ Ɋɂ ɒɍ luma Transform Block ȋTBȌ ɛ ɊɎɍɏɂɜ Ƚɋ ɁɇȽσɎȽσɒɂɜ σɂ ɊɇɈɏɟɒɂɏȽ luma Ȯȝ. Ȯɍ ɜɁɇɍ ɂɔȽɏɊɟɃɂɒȽɇ ɈȽɇ ɀɇȽ ɒɍ chroma TB. ȱɏɄσɇɊɍɎɍɇɍɠɋɒȽɇ ɈȽɒəɉɉɄɉɂς σɓɋȽɏɒɛσɂɇς ͶȱͶ, ͺȱͺ, ͳ͸ȱͳ͸ ɈȽɇ ͵ʹȱ͵ʹ. 
 Motion vector signaling: ȱɏɄσɇɊɍɎɍɇɂɜɒȽɇ Advanced motion vector 

prediction (AMVP). Ȝɓɒɛ ɎɂɏɇɉȽɊȾəɋɂɇ ɒɄɋ ɎȽɏȽɀɘɀɛ Ɂɇəɔɍɏɘɋ Ɏɇɍ ɎɇɅȽɋώɋ ɓɎɍɗɄɔɜɘɋ Motion VectorȋɊɂ ȾəσɄ ɒȽ ɁɂɁɍɊɚɋȽ ɒɍɓ σɖɂɒɇɈɍɠ PB ɈȽɇ ɒɄς ɂɇɈɟɋȽς ȽɋȽɔɍɏəςȌ. ȠɎɜσɄς ɊɎɍɏɂɜ ɋȽ ɖɏɄσɇɊɍɎɍɇɄɅɂɜ ɊɜȽ ɂɋσɘɊəɒɘσɄ ɀɇȽ ɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ ɒɍɓ MV Ɏɍɓ ɂɎɇɒɏɚɎɂɇ ɒɄɋ ɇɂɏəɏɖɄσɄ ɒɘɋ MV ɒɓɖȽɜȽ ɛ ȾȽσɇσɊɚɋɄ σɂ ɀɂɇɒɍɋɇɈə PB.  
 Motion CompensationȋȽɋɒɇσɒəɅɊɇσɄ ɈɜɋɄσɄςȌ: ȽɉɀɍɏɇɅɊɇɈɛ ɒɂɖɋɇɈɛ ɀɇȽ ɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ ɁɂɁɍɊɚɋɘɋ Ⱦɜɋɒɂɍ ɀɇȽ ɒɄ σɓɊɎɜɂσɄ ɒɍɓ Ⱦɜɋɒɂɍ 

(video compression). Ȣ Motion compensation Ɏɂɏɇɀɏəɔɂɇ ɊɇȽ ɂɇɈɟɋȽ ɟσɍɋ Ƚɔɍɏə ɒɍ ɊɂɒȽσɖɄɊȽɒɇσɊɟ ɊɇȽς ɂɇɈɟɋȽς ȽɋȽɔɍɏəς ȋreference picture) Ɏɏɍς ɒɄɋ ɒɏɚɖɍɓσȽ ȋcurrent picture). Ȣ ɂɇɈɟɋȽ ȽɋȽɔɍɏəς ɊɎɍɏɂɜ ɋȽ ɂɜɋȽɇ ɖɏɍɋɇɈə ɎɏɍɄɀɍɠɊɂɋɄ ɛ ɂɎɟɊɂɋɄ. ȭɒɍ ȧPEG(Motion Picture Experts Group), ɍɇ ɂɇɈɟɋɂς ɎɏɍȾɉɚɎɍɋɒȽɇ ȽɎɟ ɎɏɍɄɀɍɠɊɂɋȽ ɎɉȽɜσɇȽ (P frames) ɛ bidirectionally-ɎɏɍɄɀɍɠɊɂɋȽ ɈȽɇ ɂɎɟɊɂɋȽ ɎɉȽɜσɇȽ (B frames). ȧɂɒə ɒɄɋ ɎɏɟȾɉɂɗɄ ɒɘɋ ɎɉȽɇσɜɘɋ ɖɏɄσɇɊɍɎɍɇώɋɒȽς ȧotion Compensation, ɍ ɈɘɁɇɈɍɎɍɇɄɒɛς ȾɏɜσɈɂɇ ɒɍ ɉəɅɍς (residual) ɒɍ ɍɎɍɜɍ Ɋɂɒə σɓɊɎɇɚɃɂɒȽɇ ɈȽɇ ɊɂɒȽɁɜɁɂɒȽɇ. 
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 Intrapicture prediction: ȮȽ ȽɎɍɈɘɁɇɈɍɎɍɇɄɊɚɋȽ ɍɏɇȽɈə samples ɒɘɋ ɂɎɇɈɍɉɉɍɠɊɂɋɘɋ blocks ɖɏɄσɇɊɍɎɍɇɍɠɋɒȽɇ σȽɋ ȽɋȽɔɍɏɚς ɀɇȽ ɖɘɏɇɈɛ ɎɏɟȾɉɂɗɄ σɂ Ɏɂɏɇɍɖɚς ɟɎɍɓ Ɂɂɋ ɚɖɂɇ ɂɎɇɒɂɓɖɅɂɜ interpicture prediction. Ȣ intrapicture prediction ɓɎɍσɒɄɏɜɃɂɇ ͵͵ ɈȽɒɂɓɅɓɋɒɇɈɚς Ɋɍɏɔɚς ȋɂɋ σɓɀɈɏɜσɂɇ Ɋɂ ɒɇς ͺ Ƚɋɒɜσɒɍɇɖɂς ɒɍɓ 
H.264/MPEG-ͶȌ, planar ɈȽɇ DC Ɋɍɏɔɚς ɎɏɟȾɉɂɗɄς. Ȫɇ ɂɎɇɉɂɀɊɚɋɂς intrapicture prediction Ɋɍɏɔɚς ɈɘɁɇɈɍɎɍɇɍɠɋɒȽɇ σɒɇς Ɏɇɍ ɎɇɅȽɋɚς ɈȽɒȽσɒəσɂɇς ȾȽσɇσɊɚɋɂς σɂ Ƚɓɒɚς ɒɘɋ Ɏɇɍ ɎɏɟσɔȽɒȽ ȽɎɍɈɘɁɇɈɍɎɍɇɄɊɚɋɘɋ ɀɂɇɒɍɋɇɈώɋ PB. 

 

 

 Quantization control: ΌɎɘς ɈȽɇ σɒɍ H.264/MPEG-Ͷ, Ʉ ɍɊɍɇɟɊɍɏɔɄ ɈȾȽɋɒɇɈɛ ȽɋȽɁɟɊɄσɄ ȋuniform reconstruction quantization - URQ) ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ σɒɍ (EVC, Ɋɂ ɈȽɒəɉɉɄɉɂς ɈȾȽɋɒɇɈɚς ɊɂɒɏɇɈɚς ɈɉɜɊȽɈɂς Ɏɍɓ ɓɎɍσɒɄɏɜɃɍɋɒȽɇ ɀɇȽ ɒȽ ɁɇəɔɍɏȽ ɊɂɀɚɅɄ ɊɂɒȽɒɏɍɎώɋ. 
 Entropy encoding: ȞɇȽ ɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ ɒɄς ɂɋɒɏɍɎɜȽς ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ Ʉ Context adaptive binary arithmetic coding - CABACȌ. ȠɜɋȽɇ σɖɂɁɟɋ ɜɁɇɍ Ɋɂ ɒɍ σɖɛɊȽ Ɏɍɓ ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ σɒɍ (.ʹ͸Ͷ/MPEG-4. 

 In-loop deblocking filtering: ȱɏɄσɇɊɍɎɍɇɂɜɒȽɇ ɚɋȽ ɊɄ ɀɏȽɊɊɇɈɟ amplitude mapping σɂ ɈəɅɂ interpicture prediction ɈɠɈɉɍ Ɋɂɒə ȽɎɟ ɒɍ ɔɇɉɒɏəɏɇσɊȽ ɒɍɓ deblocking. ȭɈɍɎɟς ɒɍɓ ɂɜɋȽɇ Ʉ ȾɚɉɒɇσɒɄ ȽɋȽɁɟɊɄσɄ ɒɍɓ ȽɏɖɇɈɍɠ σɛɊȽɒɍς Ɋɂ ɒɄɋ ɖɏɛσɄ ɂɋɟς ɎɜɋȽɈȽ ȽɋȽɃɛɒɄσɄς Ɏɍɓ ɎɂɏɇɀɏəɔɂɒȽɇ ȽɎɟ ɊɂɏɇɈɚς ɂɎɇɎɉɚɍɋ ɈȽɒȽɀɏȽɔɚς Ɏɍɓ ɊɎɍɏɂɜ ɋȽ ɂɎɂɌɂɏɀȽσɒɍɠɋ Ɋɂ ɇσɒɍɀɏȽɊɊɇɈɛ ȽɋəɉɓσɄ σɒɄɋ Ɏɉɂɓɏə ɒɍɓ ɈɘɁɇɈɍɎɍɇɄɒɛ. 
 

 

 



 22 

 

3.3 ȯɗɄɉɍɠ ɂɎɇɎɚɁɍɓ ȽɏɖɇɒɂɈɒɍɋɇɈɛ σɠɋɒȽɌɄς 

 ΈɋȽς ȽɏɇɅɊɟς ȽɎɟ ɋɚɂς ɒɂɖɋɇɈɚς σɠɋɒȽɌɄς σɒɍ HEVC ȽɓɌəɋɍɓɋ ɒɄɋ ɂɓɂɉɇɌɜȽ ɒɍɓ ɀɇȽ ɉɂɇɒɍɓɏɀɜȽ ɒɍɓ σɂ ɊɜȽ ɎɉɂɇəɁȽ σɓσɈɂɓώɋ, ɂɔȽɏɊɍɀώɋ ɈȽɇ ɁɇɈɒɓȽɈώɋ ɎɂɏɇȾȽɉɉɟɋɒɘɋ ɈȽɅώς ɈȽɇ Ⱦɂɉɒɇώɋɍɓɋ ɒɄɋ Ƚɋɒɍɖɛ σɂ ȽɎώɉɂɇɂς ɁɂɁɍɊɚɋɘɋ. ȜɎɟ ɒɄɋ əɉɉɄ Ɏɉɂɓɏə ɚɖɂɇ ɂɀɈȽɒȽɉɂɇɔɅɂɜ Ʉ ȽɋɒɜσɒɍɇɖɄ ȽɏɖɇɒɂɈɒɍɋɇɈɛ Ɏɍɓ ɖɏɄσɇɊɍɎɍɇɂɜ ɒɍ 
H.264/MPEG-4. Έɒσɇ ɒɍ ɋɚɍ ɎɏɟɒɓɎɍ ɖɏɄσɇɊɍɎɍɇɂɜ ɒȽ ȽɈɟɉɍɓɅȽ ɖȽɏȽɈɒɄɏɇσɒɇɈə: 

 ȟɍɊɛ ɒɍɓ σɓɋɟɉɍɓ ɎȽɏȽɊɚɒɏɘɋ: Ȯɍ σɠɋɍɉɍ ɒɘɋ ɎȽɏȽɊɚɒɏɘɋ ɎɂɏɇɉȽɊȾəɋɂɇ ɎɉɄɏɍɔɍɏɜɂς Ɏɍɓ ɊɎɍɏɂɜ ɋȽ ɁɇȽɊɍɇɏȽσɒɍɠɋ ɀɇȽ ɒɄɋ ȽɎɍɈɘɁɇɈɍɎɍɜɄσɄ ɁɇȽɔɟɏɘɋ Ɏɂɏɇɍɖώɋ ɒɍɓ ȽɎɍɈɘɁɇɈɍɎɍɇɄɊɚɋɍɓ video. Ȣ ɁɍɊɛ ɒɍɓ σɓɋɟɉɍɓ ɎȽɏȽɊɚɒɏɘɋ Ɏɏɍσɔɚɏɂɇ ɚɋȽɋ ɊɄɖȽɋɇσɊɟ ɀɇȽ ɒɄ ɊɂɒȽɔɍɏə ɒɘɋ ɁɂɁɍɊɚɋɘɋ ɒȽ ɍɎɍɜȽ ɂɜɋȽɇ ɃɘɒɇɈə ɀɇȽ ɒɄɋ ɁɇȽɁɇɈȽσɜȽ ɒɄς ȽɎɍɈɘɁɇɈɍɎɍɜɄσɄς. Ȫɇ ȽɈɍɉɍɓɅɜɂς ɈȽɇ ɒȽ σɠɋɍɉȽ ɎȽɏȽɊɚɒɏɘɋ ɂɇɈɟɋȽς ɒɍɓ 
H.264/MPEG-Ͷ ȽɓɌɛɅɄɈȽɋ  ȽɎɟ ɒɄɋ ɁɍɊɛ ɒɍɓ σɓɋɟɉɍɓ ɎȽɏȽɊɚɒɏɘɋ video 

(video parameter set  - VPS). 

 ȭɠɋɒȽɌɄ ɁɍɊɛς ɊɍɋəɁȽς NAL: ȥəɅɂ ɁɍɊɛ σɠɋɒȽɌɄς ɒɍɎɍɅɂɒɂɜɒȽɇ σɂ ɚɋȽ ɎȽɈɚɒɍ Ɏɍɓ ɈȽɉɂɜɒȽɇ network abstraction layer ȋNALȌ unit. ȧɂ ɒɄɋ ɖɏɛσɄ ɊɜȽς ɂɎɇɈɂɔȽɉɜɁȽς ɊɂɀɚɅɍɓς Ɂɠɍ byte ɊɎɍɏɂɜ ɋȽ ɎɏɍσɁɇɍɏɇσɒɂɜ ɍ σɈɍɎɟς ɒɘɋ ɓɎɟɉɍɇɎɘɋ ɁɂɁɍɊɚɋɘɋ ɒɍɓ ɎȽɈɚɒɍɓ. 
 Slices: ΈɋȽ slice ɂɜɋȽɇ ɊɜȽ ɊɍɋəɁȽ ɁɂɁɍɊɚɋɘɋ Ɏɍɓ ɊɎɍɏɂɜ ɋȽ ȽɎɍɈɘɁɇɈɍɎɍɇɄɅɂɜ ȽɋɂɌəɏɒɄɒȽ ȽɎɟ əɉɉɂς Ƚɋɒɜσɒɍɇɖɂς ɊɍɋəɁɂς ɒɄς ɜɁɇȽς ɂɇɈɟɋȽς, ɓɎɟ ɒɄɋ ɚɋɋɍɇȽ ɒɘɋ entropy coding, signal prediction ɈȽɇ residual signal reconstruction. ΈɋȽ slice ɊɎɍɏɂɜ Ƚɋ ɂɜɋȽɇ ɊɜȽ ɂɇɈɟɋȽ ɛ ɊɜȽ Ɏɂɏɇɍɖɛ ɂɇɈɟɋȽς. ΈɋȽς ȽɎɟ ɒɍɓ ȾȽσɇɈɟɒɂɏɍɓς σɈɍɎɍɠς ɒɘɋ slices ɂɜɋȽɇ ɍ ɂɎȽɋȽσɓɀɖɏɍɋɇσɊɟς σɂ ɎɂɏɇɎɒώσɂɇς ȽɎώɉɂɇȽς ɁɂɁɍɊɚɋɘɋ. ȭɂ ɎɂɏɜɎɒɘσɄ ɒɄς ɊɂɒəɁɍσɄς ɎȽɈɚɒɍɓ ɍ Ɋɚɀɇσɒɍς ȽɏɇɅɊɟς payload bits  σɂ ɚɋȽ slice ɒɓɎɇɈə ɎɂɏɇɍɏɜɃɂɒȽɇ ɈȽɇ ɍ ȽɏɇɅɊɟς ɒɘɋ CTU σɒɍ slice  ɈɓɊȽɜɋɂɒȽɇ ȽɋəɉɍɀȽ Ɋɂ ɒɍ ɂɉəɖɇσɒɍ ɊɚɀɂɅɍς ɒɍɓ overhead ɒɍɓ ɎȽɈɚɒɍɓ ώσɒɂ ɒɍ ɊɚɀɂɅɍς ɒɍɓ ɎȽɈɚɒɍɓ ɋȽ Ɋɚɋɂɇ ɊɚσȽ σɒȽ ɂɎɇɒɏɂɎɒə ɟɏɇȽ. 
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 Supplemental enhancement information (SEI) and video usability 

information (VUI) metadata: Ȣ σɠɋɒȽɌɄ ɎɂɏɇɉȽɊȾəɋɂɇ ɓɎɍσɒɛɏɇɌɄ ɀɇȽ Ɂɇəɔɍɏɍɓς ɒɠɎɍɓς ɊɂɒȽɁɂɁɍɊɚɋɘɋ ɀɋɘσɒə σȽɋ SEI ɈȽɇ VUI. ȮɚɒɍɇȽ ɁɂɁɍɊɚɋȽ Ɏɏɍσɔɚɏɍɓɋ ɎɉɄɏɍɔɍɏɜɂς σɖɂɒɇɈə Ɋɂ ɒɄɋ ɖɏɍɋɍɅɚɒɄσɄ ɒɘɋ ɂɇɈɟɋɘɋ ɒɍɓ video ɈȽɇ ɒɄɋ ɈȽɒəɉɉɄɉɄ ɊɂɒəɔɏȽσɄ ɒɍɓ ɎɉȽɇσɜɍɓ ɖɏɘɊəɒɘɋ Ɏɍɓ ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ σɒɍ σɛɊȽ ɒɍɓ video. 

3.4ȭɠɋɒȽɌɄ ɎȽɏəɉɉɄɉɄς ɂɎɂɌɂɏɀȽσɜȽς ɈȽɇ ɁɍɊɚς ɂɎɂɌɂɏɀȽσɜȽς 
slice 

 Ȯɏɂɜς ɈȽɇɋɍɒɍɊɜɂς ɎɂɏɇɉȽɊȾəɋɍɋɒȽɇ σɒɍ HEVC ɀɇȽ ɒɄɋ ȾɂɉɒɜɘσɄ ɒɄς ɎȽɏəɉɉɄɉɄς ɂɎɂɌɂɏɀȽσɜȽς ɛ ɀɇȽ ɒɄɋ ȽɉɉȽɀɛ ɒɄς ɁɍɊɛς ɒɘɋ slice ɁɂɁɍɊɚɋɘɋ ɀɇȽ ɒɄɋ ɂɋɅɓɉəɈɘσɄ ɒɘɋ ɁɂɁɍɊɚɋɘɋ σɂ ɎȽɈɚɒȽ. ȥəɅɂ ɊɜȽ ȽɎɟ Ƚɓɒɚς ɂɌɓɎɄɏɂɒɂɜ ɊɜȽ ɎɉɂɇəɁȽ ɂɔȽɏɊɍɀώɋ. Ȫɇ ɈȽɇɋɍɒɍɊɜɂς Ƚɓɒɚς ɂɜɋȽɇ: 
Tiles: ȭɒɍ ɎɏɟɒɓɎɍ ɓɎəɏɖɂɇ Ʉ ɁɓɋȽɒɟɒɄɒȽ ɒɄς ɁɇȽɜɏɂσɄς ɒɄς ɂɇɈɟɋȽς σɂ ɒɂɒɏȽɀɘɋɇɈɚς Ɏɂɏɇɍɖɚς Ɏɍɓ ɈȽɉɍɠɋɒȽɇ tiles. Ȫ Ɉɠɏɇɍς σɈɍɎɟς ɒɍɓς ɂɜɋȽɇ Ʉ ȽɠɌɄσɄ ɒɄς ɇɈȽɋɟɒɄɒȽς ɀɇȽ ɎȽɏəɉɉɄɉɄ ɂɎɂɌɂɏɀȽσɜȽ ɎȽɏə ɀɇȽ ɒɄɋ ȽɋɒɇɊɂɒώɎɇσɄ σɔȽɉɊəɒɘɋ. ȜɎɍɒɂɉɍɠɋ ȽɋɂɌəɏɒɄɒɂς ȽɎɍɈɘɁɇɈɍɎɍɇɛσɇɊɂς Ɏɂɏɇɍɖɚς ɊɜȽς ɂɇɈɟɋȽς Ɏɍɓ ɈɘɁɇɈɍɎɍɇɍɠɋɒȽɇ Ɋɂ ɂɎɇɎɉɚɍɋ ɎɉɄɏɍɔɍɏɜȽ header. ȮȽ tiles ɊɎɍɏɂɜ ɂɎɇɎɉɚɍɋ ɋȽ ɖɏɄσɇɊɍɎɍɇɄɅɍɠɋ ɀɇȽ σɈɍɎɍɠς ɖɘɏɇɈɛς ɒɓɖȽɜȽς ɎɏɟσȾȽσɄς σɂ ɒɍɎɇɈɚς Ɏɂɏɇɍɖɚς ɒɘɋ ɂɇɈɟɋɘɋ ɒɍɓ video. ȧɜȽ ɒɓɎɇɈɛ ɏɠɅɊɇσɄ tiles ɎɂɏɇɉȽɊȾəɋɂɇ ɒɄɋ ɒɊɄɊȽɒɍɎɍɜɄσɄ ɒɄς ɂɇɈɟɋȽς σɂ ɍɏɅɍɀώɋɇɂς Ɏɂɏɇɍɖɚς Ɋɂ ɎɂɏɜɎɍɓ ɜɁɇɍ ɎɉɛɅɍς CTU σɂ ɈəɅɂ ɚɋȽ ȽɎɟ Ƚɓɒə.  
 

 

 

 

 



 24 

 

Wavefront parallel processing: ΌɒȽɋ ɂɋɂɏɀɍɎɍɇɂɜɒȽɇ ɍ ɊɄɖȽɋɇσɊɟς ɒɍɓ Wavefront 

parallel processing (WPP), ɚɋȽ slice ɁɇȽɇɏɂɜɒȽɇ σɂ ɀɏȽɊɊɚς ȽɎɟ CTU. Ȣ ɎɏώɒɄ ɀɏȽɊɊɛ ɓɔɜσɒȽɒȽɇ ɂɎɂɌɂɏɀȽσɜȽ σɂ ɊɜȽ ɈȽɋɍɋɇɈɛ Ɋɍɏɔɛ, Ʉ ɁɂɠɒɂɏɄ ɌɂɈɇɋəɂɇ ɋȽ ɓɔɜσɒȽɒȽɇ ɂɎɂɌɂɏɀȽσɜȽ Ɋɟɋɍ ɟɒȽɋ ɚɖɂɇ ɍɉɍɈɉɄɏɘɅɂɜ Ʉ ɂɎɂɌɂɏɀȽσɜȽ σɂ Ɂɠɍ CTU ɒɄς ɎɏώɒɄς ɀɏȽɊɊɛς, Ʉ ɒɏɜɒɄ ɀɏȽɊɊɛ ɌɂɈɇɋəɂɇ ɋȽ ɓɔɜσɒȽɒȽɇ ɂɎɂɌɂɏɀȽσɜȽ Ɋɟɋɍ ɟɒȽɋ ɚɖɂɇ ɍɉɍɈɉɄɏɘɅɂɜ Ʉ ɂɎɂɌɂɏɀȽσɜȽ σɂ Ɂɠɍ CTU σɒɄɋ ɁɂɠɒɂɏɄ ɀɏȽɊɊɛ Ɉ.ɍ.Ɉ. Ȯɍ ɎɂɏɇɂɖɟɊɂɋɍ   ɒɍɓ Ɋɍɋɒɚɉɍɓ ɒɄς ɈɘɁɇɈɍɎɍɜɄσɄς ɒɄς ɂɋɒɏɍɎɜȽς σɂ ɈəɅɂ ɀɏȽɊɊɛ ȽɋȽɔɚɏɂɒȽɇ σɂ ɂɈɂɜɋɍ ɒɄς ɎɏɍɄɀɍɠɊɂɋɄς ɀɏȽɊɊɛς Ɋɂ Ɂɠɍ CTU . Ȯɍ WPP Ɏɏɍσɔɚɏɂɇ ɊɜȽ Ɋɍɏɔɛ ɎȽɏəɉɉɄɉɄς ɂɎɂɌɂɏɀȽσɜȽς σɂ ȽɏɈɂɒə ɓɗɄɉɟ ɂɎɜɎɂɁɍ granularityȋɈɍɈɈɍɎɍɜɄσɄςȌ. Ȯɍ WPP ɊɎɍɏɂɜ σɓɖɋə ɋȽ Ɏɏɍσɔɚɏɂɇ ɈȽɉɠɒɂɏɄ ȽɎɟɁɍσɄ σɓɊɎɜɂσɄς ȽɎɟ ɒȽ tiles. 

 

 

Dependent slice segments: ȮȽ Dependent slice segments ȽɎɍɒɂɉɍɠɋ ɁɍɊɚς Ɏɍɓ ɂɎɇɒɏɚɎɍɓɋ σɒȽ ɁɂɁɍɊɚɋȽ Ɏɍɓ σɖɂɒɜɃɍɋɒȽɇ Ɋɂ ɚɋȽ ɁɂɁɍɊɚɋɍ wavefront entry point ɛ 
tile ɋȽ ɊɂɒȽɔɂɏɅɍɠɋ σɂ ɚɋȽ Ɍɂɖɘɏɇσɒɟ NAL unit ɈȽɇ ɚɒσɇ ɋȽ Ɉəɋɍɓɋ ɒȽ ɁɂɁɍɊɚɋȽ ɁɇȽɅɚσɇɊȽ ɀɇȽ ɚɋȽ σɠσɒɄɊȽ ɀɇȽ ɋȽ ɂɋɒȽɖɅɍɠɋ σɂ ɎȽɈɚɒȽ Ɋɂ ɊɇɈɏɛ ɈȽɅɓσɒɚɏɄσɄ σɂ σɖɚσɄ ɊəɉɇσɒȽ Ɋɂ ɒɄɋ ɂɎɇɉɍɀɛ ɋȽ ɀɇɋɟɒȽɋ Ʉ ɈɘɁɇɈɍɎɍɜɄσɄ ɀɇȽ ɟɉȽ ɊȽɃɜ σɂ ɚɋȽ slice. ΈɋȽ ȽɋɂɌəɏɒɄɒɍ ɒɊɛɊȽ slice ɀɇȽ ɚɋȽ wavefront entry point ɊɎɍɏɂɜ ɋȽ ȽɎɍɈɘɁɇɈɍɎɍɇɄɅɂɜ Ɋɟɋɍ Ƚɋ ɒɍɓɉəɖɇσɒɍɋ ɚɋȽ ɒɊɛɊȽ ɒɄς ɂɎɂɌɂɏɀȽσɜȽς ɂɋɟς əɉɉɍɓ ɒɊɛɊȽɒɍς slice ɚɖɂɇ ɍɉɍɈɉɄɏɘɅɂɜ. ȮȽ Dependent slice segments ɂɜɋȽɇ Ɉɓɏɜɘς ɖɏɛσɇɊȽ σɂ ɊɇɈɏɛς ɈȽɅɓσɒɚɏɄσɄς ɈɘɁɇɈɍɎɍɜɄσɄ ɟɎɍɓ Ʉ ɖɏɄσɇɊɍɎɍɜɄσɄ əɉɉɘɋ ɎȽɏɟɊɍɇɘɋ ɒɂɖɋɇɈώɋ Ɂɂɋ ɂɜɋȽɇ ȽɏɈɍɠɋɒɘς ȽɎɍɁɍɒɇɈɚς. 
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  4.1 ȭɠσɒɄɊȽ ȥɘɁɇɈɍɎɍɜɄσɄς ȢEVC 
 Ȫ σɒɟɖɍς ɂɜɋȽɇ ɋȽ ɊɂɉɂɒɛσɍɓɊɂ ɒɄɋ ȽɎɟɁɍσɄ ɒɍɓ HEVC σɂ ɚɋȽ ɁɜɈɒɓɍ Ɋɂ ȽɎώɉɂɇɂς. ȣɂɘɏɍɠɊɂ ɒɄɋ ɂɎɜɁɏȽσɄ ɒɘɋ ȽɎɘɉɂɇώɋ ɒɍɓ ɔɓσɇɈɍɠ ɈȽɋȽɉɇɍɠ. Ȣ ɂɔȽɏɊɍɀɛ Test ɚɖɂɇ ȽɋȽɎɒɓɖɅɂɜ σɂ ɀɉώσσȽ C. Ȣ ɉɂɇɒɍɓɏɀɜȽ ɒɄς ɊɎɍɏɂɜ ɋȽ ɁɇȽɇɏɂɅɂɜ σɂ ɒɏɜȽ σɒəɁɇȽ 

 

 ȭɒɍ Ɏɏώɒɍ σɒəɁɇɍ ɀɜɋɂɒȽɇ Ʉ ɈɘɁɇɈɍɎɍɜɄσɄ ɂɋɟς ȽσɓɊɎɜɂσɒɍɓ Ƚɏɖɂɜɍɓ 
video Ɋɂ ɒɍɋ ȽɉɀɟɏɇɅɊɍ H.ʹ͸ͷ. Ȣ ɈɘɁɇɈɍɎɍɜɄσɄ Ƚɓɒɛ ɀɜɋɂɒȽɇ Ɋɂ ɒɄɋ ȾɍɛɅɂɇȽ ɒɍɓ ɂɏɀȽɉɂɜɍɓ ɈɘɁɇɈɍɎɍɜɄσɄς Ɏɍɓ ɂɜɋȽɇ ɁɇȽɅɚσɇɊɍ σɒɄɋ ɇσɒɍσɂɉɜɁȽ:http://x264.fushizen.eu/builds/hevc-

hm/hm_12.0_r3541_release.7z, ɈȽɉɂɜɒȽɇ ɁɄɉȽɁɛ Ʉ ɂɔȽɏɊɍɀɛ 
TAppEncoder ɀɇȽ ɒɍ input Ƚɏɖɂɜɍ video ȋσɒɄɋ ɎɏɍσɍɊɍɜɘσɄ ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ ɒɍ Ƚɏɖɂɜɍ foreman_cif.yuv. ȪɁɄɀɜɂς ɀɇȽ ɒɄɋ ɖɏɛσɄ ɒɄς ɂɔȽɏɊɍɀɛς TAppEncoder ɓɎəɏɖɍɓɋ σɒɍ Ƚɏɖɂɜɍ readme.txt.ȋσɒɍ ɎȽɏəɏɒɄɊȽȌ. 

 

 ȭɒɍ Ɂɂɠɒɂɏɍ σɒəɁɇɍ, ɒɍ bitstream Ɏɍɓ ɁɄɊɇɍɓɏɀɂɜɒȽɇ ɈȽɇ ȽɎɍɅɄɈɂɠɂɒȽɇ σɒɍ Ƚɏɖɂɜɍ hevc.bin Ɏɂɏɋəɂɇ ȽɎɟ ɊɜȽ ɁɇȽɁɇɈȽσɜȽ ȽɎώɉɂɇȽς ɎȽɈɚɒɘɋ ɈȽɇ ɁɄɊɇɍɓɏɀɂɜɒȽɇ ɒɍ Ƚɏɖɂɜɍ hevc_loss.bin. ȭɒɍ σɒəɁɇɍ Ƚɓɒɟ ɎɏɍσɍɊɍɇəɃɂɒȽɇ Ʉ ɊɂɒəɁɍσɄ ɒɍɓ video Ɋɚσɘ ɈȽɋȽɉɇɍɠ Ɋɂ σɔəɉɊȽɒȽ ɈȽɇ ȽɎώɉɂɇɂς ɎȽɈɚɒɘɋ. 
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 ȭɒɍ ɒɂɉɂɓɒȽɜɍ σɒəɁɇɍ ɀɜɋɂɒȽɇ Ʉ ȽɎɍɈɘɁɇɈɍɎɍɜɄσɄ ɒɍɓ Ƚɏɖɂɜɍɓ 
hevc_loss.bin ώσɒɂ ɋȽ ɎȽɏȽɖɅɂɜ ɒɍ Ƚɏɖɂɜɍ foreman_cif_loss.yuv. Ȣ ȽɎɍɈɘɁɇɈɍɎɍɜɄσɄ Ƚɓɒɛ ɀɜɋɂɒȽɇ Ɋɂ ɒɄɋ ȾɍɛɅɂɇȽ ɒɍɓ ɂɏɀȽɉɂɜɍɓ ɈɘɁɇɈɍɎɍɜɄσɄς Ɏɍɓ ɂɜɋȽɇ ɁɇȽɅɚσɇɊɍ σɒɄɋ ɇσɒɍσɂɉɜɁȽ: 

http://x264.fushizen.eu/builds/hevc-hm/hm_12.0_r3541_release.7z, ɈȽɉɂɜɒȽɇ ɁɄɉȽɁɛ Ʉ ɂɔȽɏɊɍɀɛ TAppDecoder ɀɇȽ ɒɍ Ƚɏɖɂɜɍ video ȋσɒɄɋ ɎɏɍσɍɊɍɜɘσɄ ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ ɒɍ Ƚɏɖɂɜɍ foreman_cif.yuvȌ. ȪɁɄɀɜɂς ɀɇȽ ɒɄɋ ɖɏɛσɄ ɒɄς ɂɔȽɏɊɍɀɛς TAppDecoder ɓɎəɏɖɍɓɋ σɒɍ Ƚɏɖɂɜɍ 
readme.txt.                                                                                                        
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ȧȠȣȪȟȪȦȪȞȤȜ ȠȤȭȜȞȳȞȢȭ ȦȜȣȳȨ ȭȮȪ ȝȤTSTREAM 
 

 Ȣ σɓɋəɏɒɄσɄ looseit ɒɄς ɂɔȽɏɊɍɀɛς Ȯest, Ɋɂ ȾəσɄ ɒɍ ȝȠR(Bit Error Rate) ɎɄɀȽɜɋɂɇ σɂ ɍɎɍɇɍɁɛɎɍɒɂ σɄɊɂɜɍ ɒɍɓ bitstream ɈȽɇ ɒɍ ȽɉɉəɃɂɇ ȽɎɟ ͳ σɂ Ͳ ɛ ȽɋɒɜσɒɏɍɔȽ. 
 

 

 

   Ȣ ɂɔȽɏɊɍɀɛ  Ȯest 

 
#include <stdio.h> 

#include <stdlib.h> 

#define MAXPACKETSIZE 50000 //MȠȞȠȣȪȭ ȫȜȥȠȮȳȨ 

//ȟȢȧȤȪȯȬȞȤȜ PACKET LOSS ȫȪȯ ȥȜȣȪȬȤȡȠȮȜȤ ȜȫȪ ȮȪ ȜȬȱȠȤȪ ERROR 

int looseit(FILE *err){ 

 int c; 

 do { 

  c = getc (err); 

  if (c == EOF) { 

   fseek(err, 0, SEEK_SET); 

  } 

  else if (c == '0') return 1; 

  else return 0; 

 } while (1); 

} 

 

int main(){ 

  FILE *in, *out, *err0=NULL; 

 unsigned char buf[MAXPACKETSIZE]; 

 unsigned char nal_type; 

 int i; 

 int packet_number=0; 

  char command_line[1000]; 

  printf("Starting video encoding!\n"); 

  printf("\n\n Please Wait!!! \n\n"); 

  //KȳȟȤȥȪȫȪȤȢȭȢ ȮȪȯ video foreman_cif.yuv ȥȜȤ ȫȜȬȜȞȳȞȢ ȮȪȯ 

BINARY FILE hevc.bin 

  sprintf(command_line,"%s","TAppEncoder.exe -c 

cfg\\encoder_randomaccess_main.cfg -q 26 -fr 30 -wdt 352 -hgt 288 -f 300 -i 

foreman_cif.yuv -b hevc.bin"); 

  system(command_line); 

  

 

 

printf("End of video encoding!\n"); 
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  printf("Starting video transmition \n\n"); 

    printf("A number of packets are going to be lost!!! \n\n"); 

    printf("\n\n Please Wait!!! \n\n"); 

    if (NULL == (in = fopen("rec.yuv","rb"))) { 

  perror("Cannot read input binary file that generated by the video 

file!"); 

  exit(1); 

 } 

     

    if (NULL == (out = fopen("hevc_loss.yuv","wb"))) { 

  perror("Cannot open destination binary file with errors"); 

  exit(2); 

 } 

 

 if (NULL == (err0 = fopen ("error", "rb"))) { 

  perror ("Cannot open error pattern file"); 

  exit (3); 

 } 

    //ȟȢȧȤȪȯȬȞȤȜ ȭȰȜȦȧȜȮȳȨ ȭȮȪ BINARY FILE 

 buf[0]=fgetc(in); 

 buf[1]=fgetc(in); 

 buf[2]=fgetc(in); 

 buf[3]=fgetc(in); 

 buf[4] = fgetc(in); 

 nal_type = buf[4] & 0x0F; 

 

 for(i=5; ; i++) 

 { 

  buf[i] = fgetc(in); 

  if(feof(in)==0) 

  { 

   if(buf[i-3]==0 && buf[i-2]==0 && buf[i-1]==0 && buf[i]==1) 

   { 

    fwrite(buf, sizeof(unsigned char), i-3, out); 

    packet_number++; 

    fflush(out); 

    buf[0]=buf[i-3]; 

    buf[1]=buf[i-2]; 

    buf[2]=buf[i-1]; 

    buf[3]=buf[i]; 

    break; 

   } 

  } 

 } 

       

 while(feof(in)==0) 
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 { 

  for(i=4; ;i++) 

  { 

   buf[i] = fgetc(in); 

   nal_type = buf[4] & 0x1F; 

   if(feof(in)==0) 

   { 

    if(buf[i-3]==0 && buf[i-2]==0 && buf[i-1]==0 && 

buf[i]==1 ) 

    { 

             if(nal_type==1 || nal_type==20) 

         { 

          if(err0 != NULL && looseit(err0)){ 

                            } 

            

          else 

          { 

           fwrite(buf, sizeof(unsigned 

char), i-3, out); 

           fflush(out); 

          } 

              } 

         else 

         { 

          fwrite(buf, sizeof(unsigned char), i-3, 

out); 

          fflush(out); 

         } 

            

     packet_number++; 

     buf[0]=buf[i-3]; 

     buf[1]=buf[i-2]; 

     buf[2]=buf[i-1]; 

     buf[3]=buf[i]; 

     break; 

    } 

   } 

   else 

   { 

    fwrite(buf, sizeof(unsigned char), i, out); 

    fflush(out); 

    break; 

   } 

  } 

 }                                                                                                                                      
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 fclose(in); 

 fclose(out); 

 if ( err0) 

 fclose(err0); 

 printf("End of transmition!!!\n\n"); 

 printf("Starting video decoding\n\n"); 

 printf("\n\n Please Wait!!! \n\n"); 

    sprintf(command_line,"%s","TAppDecoder.exe -b hevc_loss.bin -o 

foreman_cif_loss.yuv"); 

    system(command_line); 

    printf("End of video decoding!!!\n\n"); 

 return 0; 

} 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 31 

 

4.2 ȟɇəɀɏȽɊɊȽ Ȭɍɛς ɂɔȽɏɊɍɀɛς Test 

 

 

 ȭɖɛɊȽ ͵ 

 

ȫɂɏɇɀɏȽɔɛ ɒɍɓ ɁɇȽɀɏəɊɊȽɒɍς ɏɍɛς  
 

1. ȞɜɋɂɒȽɇ Ʉ ɈɘɁɇɈɍɎɍɜσɄ ɒɍɓ video ɈȽɇ ɒɍ ȽɎɍɒɚɉɂσɊȽ σώɃɂɒȽɇ σɂ Ƚɏɖɂɜɍ. 
2. Ȯɍ ɋɚɍ σɓɊɎɇɂσɊɚɋɍ Ƚɏɖɂɜɍ Ƚɋɍɜɀɂɇ. ȭɂ ɎɂɏɜɎɒɘσɄ Ɏɍɓ ȽɎɍɒɠɖɂɇ ɀɇȽ ɍɎɍɇɍɋɁɛɎɍɒɂ ɉɟɀɍ ɒɍ əɋɍɇɀɊȽ ɒɍɓ Ƚɏɖɂɜɍɓ ɒɍ ɎɏɟɀɏȽɊɊȽɒȽ ɒɂɏɊȽɒɜɃɂɒȽɇ. 
3. Ȝɋ ȽɋɍɜɌɂɇ ɂɎɇɒɓɖώς ɒɍ Ƚɏɖɂɜɍ ɒɟɒɂ Ƚɋɍɜɀɂɇ ɒɍ Ƚɏɖɂɜɍ Ɏɍɓ ɅȽ σɓɀɈɂɋɒɏώσɂɇ ɒɄɋ Ɏɏɍς ɊɂɒəɁɍσɄ – σɓɊɎɇɂσɊɚɋɄ – ɎɉɄɏɍɔɍɏɜȽ. Ȝɋ Ɂɂɋ ȽɋɍɜɌɂɇ ɒɍ Ƚɏɖɂɜɍ Ƚɓɒɟ ɀɇȽ ɈəɎɍɇɍ ɉɟɀɍ ɒɟɒɂ ɒɍ ɎɏɟɀɏȽɊɊȽ ɒɂɏɊȽɒɜɃɂɒȽɇ. 
4. Ȝɋ ȽɋɟɇɌɂɇ ɈȽɇ ɒɍ Ɂɂɠɒɂɏɍ Ƚɏɖɂɜɍ ɒɟɒɂ Ƚɋɍɜɀɂɇ ɒɍ Ƚɏɖɂɜɍ Ɏɍɓ Ɏɂɏɇɀɏəɔɂɇ ɒɍ ERROR PATERN. Ȝɋ ɒɍ Ƚɏɖɂɜɍ Ƚɓɒɟ Ɂɂɋ ȽɋɍɜɌɂɇ ɒɟɒɂ ɒɍ ɎɏɟɀɏȽɊɊȽ ɒɂɏɊȽɒɜɃɂɒȽɇ 
5. ȜɎɟ ɒɍ σɄɊɂɜɍ Ƚɓɒɟ ɈȽɇ Ɋɂɒə ɁɇȽȾəɃɂɒȽɇ ɊɜȽ ɎɍσɟɒɄɒȽ ɎɉɄɏɍɔɍɏɜȽς ȽɎɟ ɒɍ Ɏɏɍς ɊɂɒəɁɍσɄ Ƚɏɖɂɜɍ ȋvideoȌ ɈȽɇ Ɋɚɖɏɇ ɋȽ ɍɉɍɈɉɄɏɘɅɂɜ Ʉ ȽɋȽɀɋɘσɛ ɒɍɓ, Ʉ ɎɉɄɏɍɔɍɏɜȽ Ƚɓɒɛ ɂɉɚɀɖɂɒȽɇ Ƚɋ ɒȽɇɏɇəɃɂɇ Ɋɂ ɒɍ ERROR PATTERN. Ȝɋ ɒȽɇɏɇəɃɂɇ ɒɟɒɂ Ʉ ɎɍσɟɒɄɒȽ Ƚɓɒɛ ȽɋɒɇɀɏəɔɂɒȽɇ σɒɍ Ɂɂɓɒɂɏɍ Ƚɏɖɂɜɍ Ɏɍɓ əɋɍɇɌɂ. 
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6. Ȝɔɍɠ ɍɉɍɈɉɄɏɘɅɂɜ Ʉ ȽɋəɀɋɘσɄ ɒɍɓ Ɏɏώɒɍɓ Ƚɏɖɂɜɍɓ ɀɜɋɂɒȽɇ Ʉ ȽɎɍɈɘɁɇɈɍɎɍɜɄσɄ ɒɍɓ Ɂɂɠɒɂɏɍɓ. 
 

 

 4.3 ȫɂɇɏȽɊȽɒɇɈə σɂɋəɏɇȽ Ɂɓɍ ȽɈɍɉɍɓɅɇώɋ Ⱦɜɋɒɂɍ Ȯɍ link ɀɇȽ ɒȽ bitrstreams ɂɜɋȽɇ https://www.dropbox.com/s/ij0vbmiwgk9cbog/BER.zip 

 ȭɒȽ ɎɂɇɏȽɊȽɒɇɈə σɂɋəɏɇȽ ɈɘɁɇɈɍɎɍɇɍɠɋɒȽɇ Ɂɓɍ ȽɈɍɉɍɓɅɜɂς ɍɇ Soccer4CIF, Crew 

4CIF ɈȽɇ ɊɂɒɏɇɚɒȽɇ Ʉ ɎɍɇɟɒɄɒȽ(σɓɊɎɂɏɇɔɍɏə) ɀɇȽ Ɂɓɍ ɁɇȽɔɍɏɂɒɇɈə ȝȠR(Bit Error 

Rates). ȭɓɀɈɂɈɏɇɊɚɋȽ ɂɌɂɒəɃɂɒȽɇ Ʉ σɓɊɎɂɏɇɔɍɏə ɒɍɓ ȢEVC σɒɇς ȽɈɍɉɍɓɅɜɂς ɀɇȽ ɒɇς ɒɇɊɚς ɒɍɓ ȝit Ƞrror Rate(BER):  610  ɈȽɇ 710 . Ȫɇ ɂɎɇɉɍɀɚς ɟσɍɋ Ƚɔɍɏə ɒɍ HEVC   ɚɀɇɋȽɋ Ɋɂ ȾəσɄ ɒɍ Low Complexity(Low Delay) ɈȽɇ ɒɍ Ȣigh Efficiency(Random 

Access) ɈȽɇ ɎȽɜɏɋɍɓɊɂ ȽɎɍɒɂɉɚσɊȽɒȽ. Ȫɇ Ɂɓɍ ȽɈɍɉɍɓɅɜɂς Ⱦɜɋɒɂɍ SOCCER, 

CROWD ɚɖɍɓɋ ɒȽ ȽɈɟɉɍɓɅȽ ɖȽɏȽɈɒɄɏɇσɒɇɈə: ȽȌ ɜɁɇɍ ȽɏɇɅɊɟ frames 600(60fpȌ, ȾȌ ɒɍ SOCCER ɚɖɂɇ ȽɏɈɂɒɛ ɈɜɋɄσɄ ɊɂɒȽɌɠ ɒɘɋ ɈȽɏɚ, ɀȌ ɒɍ CROWD ɚɖɂɇ ɊɂɀȽɉɠɒɂɏɄ ɎɍɉɓɎɉɍɈɟɒɄɒȽ ɒɘɋ frames.  

 ȮȽ ɖȽɏȽɈɒɄɏɇσɒɇɈə ɂɜɋȽɇ ɒȽ ȽɈɟɉɍɓɅȽ:  

 4CIF              (Common Intermediate Format ) ȽɋəɉɓσɄ ɀɇȽ ɒɇς Ɂɓɍ ȽɈɍɉɍɓɅɜɂς 

 GOP size :8,  (GOP-Group Of  Pictures)  

 QP     :24,       (QP- Quantization Parameter) 

 YUV 4:2:0    (color format) 

Aπo ĲȘȞ ȚıĲοıİȜȓįα http://media.xiph.org/video/derf/ ȕȡȓıțουȝİ ĲȚȢ αțοȜουșȓİȢ ωrew 

țαȚ Soccer 

 Crew (4:3 | 600 frames) ,ȫɄɀɛ: ftp://ftp.tnt.uni-

hannover.de/pub/svc/testsequences/ 

Download: 60 fps 4CIF (349 MB)           
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 Soccer (4:3 | 600 frames ), ȫɄɀɛ: ftp://ftp.tnt.uni-

hannover.de/pub/svc/testsequences/ 

Download: 60 fps 4CIF (349 MB) ȭɒɍ ȠȱCEL Ɋɂ ɒɄ ɖɏɛσɄ ɒɍɓ ɉɍɀɇσɊɇɈɍɠ YUV ANALYSER (ɀɇȽ ɊɚɒɏɄσɄ PSNR)ɚɖɍɓɊɂ ɀɇȽ ɒȽ  CREW_ 4CIF_ LD_-7, CREW_ 4CIF_ RA_-7 ɈȽɇ SOCCER_ 4CIF_ LD_-7, SOCCER_ 

4CIF_ RA_-7 ɟɎɍɓ LD (Low Delay), RA (Random Access) ɒȽ ȽɈɟɉɍɓɅȽ σɖɛɊȽɒȽ.  

 

O ɈəɅɂɒɍς əɌɍɋȽς ɂɜɋȽɇ o Quality Y-PSNR[dB] ɈȽɇ ɍ ɍɏɇɃɟɋɒɇɍς əɌɍɋȽς ɂɜɋȽɇ ɒɍ  

Frame Ȩumber (Ƚɔɍɏə ɒoɋ ȽɏɇɅɊɟ ɒɘɋ σɘσɒə ɉɄɔɅɚɋɒɘɋ frames). 

 

 ȞɇȽ BER 710  ɚɖɍɓɊɂ  

 
 

 

 

 ȭɖɛɊȽ 4 
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 ȞɇȽ BER 610  ɚɖɍɓɊɂ 

 
 

 

 

 
 ȭɖɛɊȽ   5 
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ȧɂɅɍɁɍɉɍɀɜȽ 

 Ȫɇ Ɉɍɇɋɚς test conditions ɈȽɒɄɀɍɏɇɍɎɍɇɍɠɋɒȽɇ ɘς random accessȋɒɓɖȽɜȽ ɎɏɍσɎɚɉȽσɄȌ ɈȽɇ low delayȋɈȽɅɓσɒɚɏɄσɄȌ schemes. Ȯɍ random access setting ɂɎɇɒɏɚɎɂɇ ɒɄ ɁɍɊɇɈɛ ɈȽɅɓσɒɚɏɄσɄ ɒɘɋ processing units(coded frames order). ȭɂ ȽɋɒɜɅɂσɄ ɒɍ low delay scheme Ɂɂɋ ɂɎɇɒɏɚɎɂɇ ɈȽɋɂɋɟς ɂɜɁɍɓς reordering ɂɇɈɟɋȽς ɛ 
intra updating.      

 ȪɏɜɃɍɋɒȽɇ Ɂɓɍ configuration schemes ɀɇȽ ɉɟɀɍɓς ȽɌɇɍɉɟɀɄσɄς ɒɍɓ HEVC. ȭɓɀɈɂɈɏɇɊɚɋȽ ɒɍ random access mode  ɖɏɄσɇɊɍɎɍɇɂɜ B-pictures coding ɈȽɇ ɒɍ low 

delay mode ɖɏɄσɇɊɍɎɍɇɂɜ P-pictures. ȥȽɇ ɒȽ Ɂɓɍ settings ɓɇɍɅɂɒɍɠɋ ɒɍ high profile, ɀɇȽ Ɏɂɏɇσσɟɒɂɏɍ ɏɂȽɉɇσɒɇɈɛ ȽɌɇɍɉɟɀɄσɄ ɒɍɓ ɋɚɍɓ standard ȢȠVC. 

 

 

 

4.4 ȭɓɊɎɂɏəσɊȽɒȽ- ȫȽɏȽɒɄɏɛσɂɇς 

 Ȯɍ ɊɂɒɏɛσɇɊɍ PSNR Ƚɔɍɏə ɒȽ σɘσɒə ɉɄɔɅɚɋɒȽ frames. 

Μİ ȕȐıȘ Ĳα ıĲοȚȤİȓα Ĳου παȡαțȐĲȦ πȓȞαțα 

 PSNR Frame Number BER 

CREW_ 4CIF_ LD_-6       35, 449    37 610
 

CREW_ 4CIF_ RA_-6      39,948       62 610
 

SOCCER_ 4CIF_ LD_-6    31, 73      26 610
 

SOCCER_ 4CIF_ RA_-6    37, 474    16 610
 

CREW_ 4CIF_ LD_-7       41,323    300 710
 

CREW_ 4CIF_ RA_-7       41,325    255 710
 

SOCCER_ 4CIF_ LD_-7    39,592 255 710
 

SOCCER_ 4CIF_ RA_-7    43,202 128 710
 ȫɜɋȽɈȽς 6 
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ȝɀəɃɍɓɊɂ ɒȽ ȽɈɟɉɍɓɅȽ σɓɊɎɂɏəσɊȽɒȽ: 

  ΣɓɋɍɎɒɇɈə ȽɎɟ ɒȽ ɎȽɏȽɎəɋω σχɛɊȽɒȽ ɎȽɏȽɒɄɏɍɠɊɂ ɟɒɇ ɈəɅɂ Ⱦɜɋɒɂɍ Ɂɂɋ 

ȽɎɍɈωɁɇɈɍɎɍɇɂɜɒȽɇ Ɏɉɛɏως ɈȽɇ Ƚɓɒɟ ɔȽɜɋɂɒȽɇ ȽɎɟ ɒɍ ɟɒɇ χəɋɍɋɒȽɇ Ɏɍɉɉə 

frames. Ȫ ȽɏɇɅɊɟς frames Ɏɍɓ ɊɂɒȽɁɟɅɄɈɂ ɛɒȽɋ ɊɂɒȽɌɠ ͳ͸ ɈȽɇ ͵ͲͲ σɂ σɠɋɍɉɍ 
600 frames!. ΌɎɘς ɎɏɍȽɋȽɔɚɏɅɄɈɂ ɒɍ ɊɂɒɏɛσɇɊɍ PSNR Ƚɔɍɏə ɒȽ σɘσɒə ɉɄɔɅɚɋɒȽ frames ɈȽɇ ɍɇ ɒɂɏəσɒɇɂς ȽɎώɉɂɇɂς σɄɊȽɜɋɍɓɋ Ɋɛ ɇɈȽɋɍɎɍɇɄɒɇɈɛ ɅɚȽσɄ ɒɍɓ Ⱦɜɋɒɂɍ. 

 

 ΠȽɏȽɒɄɏɂɜɒȽɇ ȽɇσɅɄɒɛ ȽɎώɉɂɇȽ frames ɂɇɁɇɈɟɒɂɏȽ σɒɄɋ ɎɂɏɜɎɒωσɄ ɟɎɍɓ BER 

ɊɂɀȽɉɠɒɂɏɍ ɒɍɓ 710 .  ȦɍɀɇɈɟ ɂɜɋȽɇ Ɋɂ ȾəσɄ ɒɍɋ ɍɏɇσɊɟ ɒɍɓ Bit Error Rate ɟσɍ ɊɂɀȽɉώɋɂɇ ɒɍ BER(ɏɓɅɊɟς σɔȽɉɊəɒɘɋ ɗɄɔɜɘɋȌ ɒɟσɍ ɊɂɀȽɉɠɒɂɏɄ ɋȽ ɂɜɋȽɇ ɈȽɇ Ʉ ȽɎώɉɂɇȽ ɒɘɋ frames.   ȥəɒɇ ɒɚɒɍɇɍ ɂɜɋȽɇ ɎɏɍɔȽɋɚς ȾɉɚɎɍɋɒȽς ɒɇς ɒɇɊɚς ɒɍɓ frame number ɒɘɋ CREW ɈȽɇ  SOCCER ɀɇȽ LD ɈȽɇ RA ɈȽɇ BER 10e-6 KAI BER 10e-7. 

 ȭɒɇς  ɎɂɏɇɎɒώσɂɇς ɒɍɓ Soccer  LD ɈȽɇ Soccer RA  ɊɂɒȽɁɜɁɍɋɒȽɇ ʹ͸ ɈȽɇ 16  frames ɀɇȽ 
10e-6 BER  ɈȽɇ  ʹͷͷ ɈȽɇ 128 frames ȽɋɒɜσɒɍɇɖȽ, Ɏɍɉɉə ɎɂɏɇσσɟɒɂɏȽ, ɀɇȽ BER 10e-7.  

 ȭɒɇς  ɎɂɏɇɎɒώσɂɇς ɒɍɓ CREW  LD ɈȽɇ CREW RA  ɊɂɒȽɁɜɁɍɋɒȽɇ ͵͹ ɈȽɇ 62  frames ɀɇȽ 
10e-6 BER  ɈȽɇ  ͵ͲͲ ɈȽɇ 128 frames ȽɋɒɜσɒɍɇɖȽ, Ɏɍɉɉə ɎɂɏɇσσɟɒɂɏȽ, ɀɇȽ BER 10e-7.  

  Η ɎɍɇɟɒɄɒȽ ɂɜɋȽɇ χɂɇɏɟɒɂɏɄ ɀɇȽ ɒɄɋ ɎɂɏɜɎɒωσɄ BER 10e-ͼ σɂ σχɚσɄ Ɋɂ 

BER10e-ͽ ɈȽɇ ɀɇȽ ɒɇς Ɂɓɍ ȽɈɍɉɍɓɅɜɂς ɈȽɇ ɀɇȽ LD ɈȽɇ ɀɇȽ RA. 

 ȞɇȽ ɒɍ CREW LD ɎȽɏȽɒɄɏɍɠɊɂ ɟɒɇ  ɀɇȽ ȝȠR 10e-7 ɊɂɒȽɁɟɅɄɈȽɋ 300 frames σɂ Ɏɍɉɠ ɈȽɉɛ ɎɍɇɟɒɄɒȽ 41,323 PSNR, ɂɋώ ɀɇȽ BER 10e-6 ɊɂɒȽɁɟɅɄɈȽɋ Ɋɟɉɇς 37 

frames σɂ  ɖɂɇɏɟɒɂɏɄ ɎɍɇɟɒɄɒȽ   35,449  PSNR. 
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ȞɇȽ ɒɍ CREW RA ɎȽɏȽɒɄɏɍɠɊɂ ɟɒɇ  ɀɇȽ BER 10e-7 ɊɂɒȽɁɟɅɄɈȽɋ 255 frames σɂ Ɏɍɉɠ ɈȽɉɛ ɎɍɇɟɒɄɒȽ 41,325 PSNR, ɂɋώ ɀɇȽ BER 10e-6 ɊɂɒȽɁɟɅɄɈȽɋ Ɋɟɉɇς 62 

frames σɂ  ɖɂɇɏɟɒɂɏɄ ɎɍɇɟɒɄɒȽ   39,948  PSNR. 

 ȞɇȽ ɒɍ SOCCER LD ɎȽɏȽɒɄɏɍɠɊɂ ɟɒɇ  ɀɇȽ BER 10e-7 ɊɂɒȽɁɟɅɄɈȽɋ 255 frames σɂ Ɏɍɉɠ ɈȽɉɛ ɎɍɇɟɒɄɒȽ 39,592 PSNR, ɂɋώ ɀɇȽ BER 10e-6 ɊɂɒȽɁɟɅɄɈȽɋ Ɋɟɉɇς 26 

frames σɂ  ɖɂɇɏɟɒɂɏɄ ɎɍɇɟɒɄɒȽ   31,73 PSNR. 

 ȞɇȽ ɒɍ SOCCER RA ɎȽɏȽɒɄɏɍɠɊɂ ɟɒɇ  ɀɇȽ BER 10e-7 ɊɂɒȽɁɟɅɄɈȽɋ 128 frames σɂ Ɏɍɉɠ ɈȽɉɛ ɎɍɇɟɒɄɒȽ 43,202 PSNR, ɂɋώ ɀɇȽ BER 10e-6 ɊɂɒȽɁɟɅɄɈȽɋ Ɋɟɉɇς 16 

frames σɂ  ɖɂɇɏɟɒɂɏɄ ɎɍɇɟɒɄɒȽ  37,474   PSNR. 

 

 

 Η ɎɍɇɟɒɄɒȽ ɂɜɋȽɇ χɂɇɏɟɒɂɏɄ ɀɇȽ ɒɄɋ ɎɂɏɜɎɒωσɄ LD ȽɎ’ ɟɒɇ ɀɇȽ RA ɈȽɇ ɀɇȽ  BER 

10e-ͼ ɈȽɇ ɀɇȽ BER10e-ͽ ɈȽɇ ɀɇȽ ɒɇς Ɂɓɍ ȽɈɍɉɍɓɅɜɂς.  ΆɏȽ σɒɄɋ ɎɍɇɟɒɄɒȽ ɊɂɀȽɉɠɒɂɏɍ ɏɟɉɍ ɚɖɂɇ ɒɍ High Efficiency (random access) ɎȽɏə ɒɍ Low complexity (Low Delay). ȞɇȽ ɎȽɏəɁɂɇɀɊȽ σɒɄɋ ɎɂɏɜɎɒɘσɄ  CREW_ 4CIF_ LD_-͸      ɚɖɍɓɊɂ PSNR ͵ͷ,ͶͶͻ  ɂɋώ ɟɒȽɋ  CREW_ 4CIF_ RA_-͸     ɚɖɍɓɊɂ  ɊɂɀȽɉɠɒɂɏɍ PSNR 39,948.         

                         
ȅȝοȓȦȢ ȖȚα SOCCER_ 4CIF_ LD_-͹ ɚɖɍɓɊɂ PSNR 39,592 ɂɋώ ɟɒȽɋ  SOCCER_ 4CIF_ 

RA_-͹     ɚɖɍɓɊɂ  ɊɂɀȽɉɠɒɂɏɍ PSNR 43,202.                

                      

 

 ΠȽɏȽɒɄɏɍɠɊɂ ɟɒɇ Ʉ ɁɇȽɔɍɏə ɎɍɇɟɒɄɒȽς ɊɂɒȽɌɠ LD(Low Delay), RA(Random 

Access) ɂɜɋȽɇ Ɏɍɉɠ ɊɇɈɏɟɒɂɏɄ ɀɇȽ ΒΕRe10-ͽ ȽɎ’ ɟɒɇ ɀɇȽ   BER10e-ͼ ɈȽɇ ɀɇȽ ɒɍ 
Ⱦɜɋɒɂɍ SOCCER ɈȽɇ ɀɇȽ ɒɍ CREW. 

 

       Ȣ ɁɇȽɔɍɏə ɎɍɇɟɒɄɒȽς ɊɂɒȽɌɠ LD,RA ɀɇȽ  ɒɍ SOCCER ɟɒȽɋ  
               BER 10e-6 ɂɜɋȽɇ 6, ɂɋώ ɀɇȽ BER 10e-7 ɂɜɋȽɇ Ɏɍɉɠ ɊɇɈɏɟɒɂɏɄ 3, 61. 

               ȪɊɍɜɘς Ʉ ɁɇȽɔɍɏə ɎɍɇɟɒɄɒȽς ɊɂɒȽɌɠ LD,RA ɀɇȽ  ɒɍ CREW ɟɒȽɋ  
               BER 10e-6 ɂɜɋȽɇ 4, 499 ɂɋώ ɀɇȽ BER 10e-7 ɂɜɋȽɇ Ɏɍɉɠ ɊɇɈɏɟɒɂɏɄ 0,002. 
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ȫɏəɀɊȽɒɇ, 
 

 ȞɇȽ SOCCER  ȞɇȽ BER 10e-6                        

                                                   PSNR 
SOCCER_ 4CIF_ LD_-6    31, 73      

SOCCER_ 4CIF_ RA_-6    37, 474    

  ȟɇȽɔɍɏə  37,474-31,73=6 

 

 Ƞɋώ ɀɇȽ BER 10e-7 

                                                     PSNR 
SOCCER_ 4CIF_ LD_-7    39,592 

SOCCER_ 4CIF_ RA_-7    43,202 

 ȟɇȽɔɍɏə  43,202-39,592=3,61                                   

 

 

 

 ȞɇȽ CREW ȞɇȽ BER 10e-6             

CREW_ 4CIF_ LD_-6       35, 449    

CREW_ 4CIF_ RA_-6      39,948       ȟɇȽɔɍɏə  39,948-35,449=4,499 

 Ƞɋώ ɀɇȽ BER 10e-7 

 

CREW_ 4CIF_ LD_-7       41,323    

CREW_ 4CIF_ RA_-7       41,325    

 ȟɇȽɔɍɏə  41,325-41,323=0,002 

 

 

4.5 ȝɍɄɅɄɒɇɈɚς Έɋɋɍɇɂς 

 
fps ɛ frames per second ȝȚα ȝİĲȡȚțȒ Ĳου πȩıȘ πȜȘȡοφοȡȓα ȤȡȘıȚȝοποȚİȓĲαȚ ȖȚα 

αποșȒțİυıȘ țαȚ πȡοȕοȜȒ țȓȞȘıȘȢ ȕȓȞĲİοέ 

ΚȐșİ țαȡȑ-πȜαȓıȚο(frame) İȓȞαȚ ȝȚα İȚțȩȞαέ H İȝφȐȞȚıȘ frames ıİ ȖȡȒȖοȡȘ įȚαįοȤȒ, 

įȘȝȚουȡȖİȓ ĲȘȞ ȥİυįαȓıșȘıȘ ĲȘȢ țȓȞȘıȘȢέ Όıο πİȡȚııȩĲİȡα İȓȞαȚ Ĳα țαȡȑ αȞȐ 
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įİυĲİȡȩȜİπĲο (fps), Ĳȩıο πȚο οȝαȜȒ țȓȞȘıȘ İȝφαȞȓȗİĲαȚέ Σİ ȖİȞȚțȑȢ ȖȡαȝȝȑȢ, ο 

İȜȐȤȚıĲοȢ αȡȚșȝȩȢ fps που απαȚĲοȪȞĲαȚ ȖȚα ĲȘȞ αποφυȖȒ απȩĲοȝȘȢ țȓȞȘıȘȢ İȓȞαȚ πİȡȓπου 

γίέ ȅȡȚıȝȑȞİȢ ȝοȡφȑȢ ȕȓȞĲİο υποȜοȖȚıĲȒ, ȩπȦȢ AVI, παȡȑȤουȞ ȝȩȞο 1η țαȡȑ αȞȐ 

įİυĲİȡȩȜİπĲοέ 

 

BER-Bit Error Rate 

ΣĲȘ ȥȘφȚαțȒ ȝİĲȐįοıȘ, ο αȡȚșȝȩȢ ĲȦȞ ıφαȜȝȐĲȦȞ bit İȓȞαȚ ο αȡȚșȝȩȢ ĲȦȞ įυαįȚțȫȞ 

ȥȘφȓȦȞ που ȜαȝȕȐȞοȞĲαȚ απȩ ȝȓα ȡοȒ įİįοȝȑȞȦȞ ıİ ȑȞα țαȞȐȜȚ İπȚțοȚȞȦȞȓαȢ που ȑȤουȞ 

ȝİĲαȕȜȘșİȓ ȜȩȖȦ șοȡȪȕου, παȡİȝȕοȜȫȞ. ȅ ȡυșȝȩȢ ıφȐȜȝαĲοȢ ȥȘφȓȦȞ - BER İȓȞαȚ ο 

ȜȩȖοȢ Ĳου  αȡȚșȝοȪ ĲȦȞ ıφαȜȝȐĲȦȞ įυαįȚțȫȞ ȥȘφȓȦȞ πȡοȢ Ĳο ıυȞοȜȚțȩ αȡȚșȝȩ ĲȦȞ 

įυαįȚțȫȞ ȥȘφȓȦȞ που  ȝİĲαįȓįοȞĲαȚ țαĲȐ ĲȘ įȚȐȡțİȚα İȞȩȢ ȤȡοȞȚțοȪ įȚαıĲȒȝαĲοȢ που 

ȝİȜİĲȒșȘțαȞέ ȅ BER İȓȞαȚ ȝİĲȡȘĲȒȢ ĲȘȢ απȩįοıȘȢ, που ıυȤȞȐ İțφȡȐȗİĲαȚ ȦȢ ποıοıĲȩ 

İπȓ ĲοȚȢ İțαĲȩέ 

 

ΩȢ παȡȐįİȚȖȝα, αȢ υποșȑıουȝİ Ș ȝİĲαįȚįȩȝİȞȘ αțοȜουșȓα bit: 

0 1 0 1 0 0 1 0 1 1, țαȚ Ș αțȩȜουșȘ ȜαȝȕαȞȩȝİȞȘ αțοȜουșȓα įυαįȚțȫȞ ȥȘφȓȦȞμ 
0 0 1 0 1 0 1 0 0 1.  

ȅ αȡȚșȝȩȢ ĲȦȞ ıφαȜȝȐĲȦȞ bit (Ĳα υποȖȡαȝȝȚıȝȑȞα bits) İȓȞαȚ ıĲȘȞ πİȡȓπĲȦıȘ αυĲȒ γέ Η 

BER İȓȞαȚ γ ȜȐșοȢ bits įȚαȚȡİȓĲαȚ ȝİ 1ί bits που ȝİĲαįȓįοȞĲαȚ, ȝİ αποĲȑȜİıȝα Ĳο BER 

İȓȞαȚ  ί,γ Ȓ γί%έ 

 

To Common Intermediate Format-CIF ɍɏɜɃɂɇ ɒɄɋ ȽɋəɉɓσɄ σɂ ɟɏɍɓς ɒɘɋ width ɈȽɇ 
height ɒɍɓ Ⱦɜɋɒɂɍ frame ɈȽɇ ɒɍɓ frame rate. Ȯɍ CIF ɂɜɋȽɇ 352 X 240pixels σɒɍ 

National Television System Committtee-NTSC format.  ΆɉɉɄ ȽɋəɉɓσɄ ɂɜɋȽɇ ɈȽɇ ɒɍ 
4CIF (704 X 480pixels).   

 

 

Bitrate 

 Ȯɍ Bitrate ɂɜɋȽɇ ɍ ȽɏɇɅɊɟς ɒɘɋ bits Ɏɍɓ ɊɂɒȽɁɜɁɍɋɒȽɇ σɒɄ ɊɍɋəɁȽ ɒɍɓ ɖɏɟɋɍɓ ȋbits 

per second-bps ɛ kbps ɛ Mbps ɛ Gbps 
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ȟɍɊɛ GOP -Group Of Pictures ȭɒɄɋ ɈɘɁɇɈɍɎɍɜɄσɄ Ⱦɜɋɒɂɍ, ɊɇȽ ɍɊəɁȽ ɂɇɈɟɋɘɋ, ɛ Ʉ ɁɍɊɛ GOP, ɈȽɅɍɏɜɃɂɇ ɒɄ σɂɇɏə Ɋɂ ɒɄɋ ɍɎɍɜȽ  ɒȽ intra ɈȽɇ inter-frames ɂɜɋȽɇ ɒɍɎɍɅɂɒɄɊɚɋȽ. Ȣ GOP ɂɜɋȽɇ ɊɇȽ ɍɊəɁȽ ɁɇȽɁɍɖɇɈώɋ ɂɇɈɟɋɘɋ ɊɚσȽ σɂ ɊɇȽ ɈɘɁɇɈɍɎɍɇɄɊɚɋɄ ɏɍɛ Ⱦɜɋɒɂɍ. ȥəɅɂ ɏɂɠɊȽ ɈɘɁɇɈɍɎɍɇɄɊɚɋɘɋ Ⱦɜɋɒɂɍ ȽɎɍɒɂɉɂɜɒȽɇ ȽɎɟ ɁɇȽɁɍɖɇɈɚς GOPs.  
 ΈɋȽ GOP Ɏɂɏɇɚɖɂɇ ɒɍɓς ȽɈɟɉɍɓɅɍɓς ɒɠɎɍɓς ɂɇɈɟɋȽς: 

 

        I picture ɛ I frame (intra coded picture) ɂɜɋȽɇ ɊɇȽ ɂɇɈɟɋȽ Ɏɍɓ ɈɘɁɇɈɍɎɍɇɂɜɒȽɇ ȽɋɂɌəɏɒɄɒȽ ȽɎɟ ɟɉɂς ɒɇς əɉɉɂς ɂɇɈɟɋɂς. ȥəɅɂ GOP ɌɂɈɇɋə ȋ ɎɏɍɈɂɇɊɚɋɍɓ ɀɇȽ ȽɎɍɈɘɁɇɈɍɎɍɜɄσɄȌ Ɋɂ Ƚɓɒɟɋ ɒɍɋ ɒɠɎɍ ɒɄς ɂɇɈɟɋȽς . 
 P picture ɛ P frame (predictive coded pictureȌ Ɏɂɏɇɚɖɂɇ motion-

compensated difference ɎɉɄɏɍɔɍɏɜɂς σɓσɖɂɒɇσɊɚɋɂς Ɋɂ ɎɏɍɄɀɍɠɊɂɋɂς ȽɎɍɈɘɁɇɈɍɎɍɇɄɊɚɋɂς ɂɇɈɟɋɂς, ɈȽɇ ɈəɅɂ  predictively coded region ɊɚσȽ σɒɄ P 

picture ȽɋȽɔɚɏɂɒȽɇ σɂ ɊɇȽ Ɋɟɋɍ ɎɏɍɄɀɍɠɊɂɋɄ ȽɎɍɈɘɁɇɈɍɎɍɇɄɊɚɋɄ ɂɇɈɟɋȽ ɘς 
reference picture.  

 B picture ɛ B frame (bipredictive coded pictureȌ Ɏɂɏɇɚɖɂɇ motion-

compensated difference ɎɉɄɏɍɔɍɏɜɂς σɓσɖɂɒɇσɊɚɋɂς Ɋɂ ɎɏɍɄɀɍɠɊɂɋɂς ȽɎɍɈɘɁɇɈɍɎɍɇɄɊɚɋɂς ɂɇɈɟɋɂς, ɈȽɇ ɈəɅɂ  predictively coded region ɊɚσȽ σɒɄ ȝ 

picture ȽɋȽɔɚɏɂɒȽɇ σɂ ɊɇȽ ɛ Ɂɓɍ ɎɏɍɄɀɍɠɊɂɋɂς ȽɎɍɈɘɁɇɈɍɎɍɇɄɊɚɋɂς ɂɇɈɟɋɂς ɘς 
references.  

Ȣ GOP structure-ɁɍɊɛ ȽɋȽɔɚɏɂɒȽɇ σɓɖɋə ȽɎɟ Ɂɠɍ ȽɏɇɅɊɍɠς, ɀɇȽ ɎȽɏəɁɂɇɀɊȽ, ȧ = ͵, 
N= ͳʹ. Ȫ Ɏɏώɒɍς ȽɏɇɅɊɟς ɉɚɂɇ ɒɄɋ ȽɎɟσɒȽσɄ ɊɂɒȽɌɠ Ɂɠɍ ɎɉȽɇσɜɘɋ ȋȤ ɛ ȬȌ. Ȣ ɁɂɠɒɂɏɄ ɉɚɂɇ ɒɄɋ ȽɎɟσɒȽσɄ ȽɋəɊɂσȽ σɂ Ɂɠɍ Ɏɉɛɏɂɇς ɂɇɈɟɋɂς ȋI-framesȌ: ɂɜɋȽɇ ɒɍ  
GOPsize. ) 
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ȞɇȽ ɎȽɏəɁɂɇɀɊȽ ȧ = ͵, Ȩ = ͳʹ, Ʉ ɁɍɊɛ GOP ɂɜɋȽɇ IBBPBBPBBPBBI.. Ȝɋɒɜ ɒɄς ɎȽɏȽɊɚɒɏɍɓ ȧ ɊɎɍɏɂɜ ɋȽ ɖɏɄσɇɊɍɎɍɇɄɅɂɜ Ʉ ɊɚɀɇσɒɄ ɊɚɒɏɄσɄ (maximal count) ɒɘɋ ȝ-frames ɊɂɒȽɌɠ Ɂɠɍ ɁɇȽɁɍɖɇɈώɋ  anchor frames. 

 ȞɇȽ ɎȽɏəɁɂɇɀɊȽ, σɂ ɚɋȽ ɊɍɒɜȾɍ ȽɉɉɄɉɍɓɖɜȽς Ɋɂ IBBBPBBBPBBBPBBBIBBBPB, ɒɍ ɊɚɀɂɅɍς GOP ɂɜɋȽɇ ɜσɍ Ɋɂ ͳ͸ ȋɊɛɈɍς ɊɂɒȽɌɠ Ɂɠɍ ɎɉȽɇσɜɘɋ ȤȌ ɈȽɇ ɒɄɋ ȽɎɟσɒȽσɄ ɊɂɒȽɌɠ ɒɘɋ Ɂɠɍ ɎɉȽɇσɜɘɋ əɀɈɓɏȽς ȋɒɇɊɛ ȧȌ ɂɜɋȽɇ Ͷ ȋɊɛɈɍς ɊɂɒȽɌɠ ɒɘɋ ɎɉȽɇσɜɘɋ Ȥ ɈȽɇ Ȭ ɛ ɒɍ ɊɛɈɍς ɊɂɒȽɌɠ Ɂɠɍ ɁɇȽɁɍɖɇɈώɋ ɎɉȽɇσɜɘɋ P ). 

 

 

4.6 Ȯɍ Ɋɚɉɉɍɋ  
 

 

 Ȣ ɓɇɍɅɚɒɄσɄ ɒɍɓ H.ʹ͸ͷ ɂɜɋȽɇ Ƚɏɀɛ ɈȽɇ ɎȽɏə ɒɍ ɀɂɀɍɋɟς Ɏɘς ɔȽɜɋɂɒȽɇ Ɏɍɉɉə ɓɎɍσɖɟɊɂɋɍ ɎɏɟɒɓɎɍ, Ɂɂɋ ɓɎəɏɖɂɇ ɈȽɊɜȽ ɂɀɀɠɄσɄ ɟɒɇ ɅȽ ȽɋȽɉəȾɂɇ Ɏɉɛɏɘς ɒɍɋ ɈɟσɊɍ ɒɘɋ Ⱦɜɋɒɂɍ Ɋɂ ɒɍɋ ɜɁɇɍ ɒɏɟɎɍ Ɏɍɓ ɒɍ H.ʹ͸Ͷ ɚɖɂɇ.  
 

VP9  

 Ȫ VPͻ ɂɜɋȽɇ ɚɋȽ ȽɋɍɇɈɒɟ, ɖɘɏɜς ɎɋɂɓɊȽɒɇɈə ɁɇɈȽɇώɊȽɒȽ ɎɏɟɒɓɎɍ Ɏɍɓ ȽɋȽɎɒɠσσɂɒȽɇ ȽɎɟ ɒɄɋ Google ɈȽɇ ɂɜɋȽɇ ɁɇəɁɍɖɍς ɒɍɓ VPͺ. Ȫ VPͻ ɂɜɖɂ ȽɏɖɇɈə ɍɋɍɊȽσɒɂɜ Next Gen Open Video(NGOVȌ ɈȽɅώς ɈȽɇ VP-Next.   Ȣ ȽɋəɎɒɓɌɄ ɒɍɓ VP9 ɌɂɈɜɋɄσɂ ɒɍ ɒɏɜɒɍ ɒɏɜɊɄɋɍ ɒɍɓ ʹͲͳͳ. ΈɋȽς ȽɎɟ ɒɍɓς σɒɟɖɍɓς ɒɍɓ VPͻ ɂɜɋȽɇ ɋȽ Ɋɂɇώσɂɇ ɒɍ bit rate ɈȽɒə ͷͲ% σɂ σɖɚσɄ Ɋɂ ɒɍ VPͺ ɀɇȽ ɒɄɋ ɜɁɇȽ ɎɍɇɟɒɄɒȽ Ⱦɜɋɒɂɍ.  
 Έɖɂɇ ȽɏɈɂɒɚς σɖɂɁɇȽσɒɇɈɚς Ⱦɂɉɒɇώσɂɇς σɂ σɖɚσɄ Ɋɂ ɒɍɋ VPͺ ɊɂɏɇɈɚς ȽɎɟ ɒɇς ɍɎɍɜɂς ɂɜɋȽɇ Ʉ ɖɏɛσɄ superblocks ɊɂɀɚɅɍɓς ͵ʹ ȱ ͵ʹ pixels ȋɊɂ ɎɇɅȽɋɛ ɈȽɇ ɒɄɋ ɓɎɍσɒɛɏɇɌɄ ͸Ͷ ȱ ͸ͶȌ ɈȽɇ  ɀɇȽ ɒȽ ɍɎɍɜȽ ɅȽ ɖɏɄσɇɊɍɎɍɇɂɜɒȽɇ ɁɍɊɛ ɈɘɁɇɈɍɎɍɜɄσɄς ɒɂɒɏȽɁɇɈɍɠ Ɂɚɋɒɏɍɓ.  
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Άɉɉɍς σɒɟɖɍς ɂɜɋȽɇ ɋȽ ȾɂɉɒɇɘɅɂɜ σɂ ɒɚɒɍɇɍ σɄɊɂɜɍ ɟɎɍɓ ɅȽ ɚɖɂɇ ɈȽɉɠɒɂɏɄ ȽɎɍɁɍɒɇɈɟɒɄɒȽ ȽɎɟ ɒɍɋ ȢȠVC. 

 

 

 

3D HEVC ȠxtensionȋɂɎɚɈɒȽσɄȌ ɀɇȽ ɈɘɁɇɈɍɎɍɜɄσɄ ͵D video  

 Ȫɇ ɎɏɟσɔȽɒɂς Ⱦɂɉɒɇώσɂɇς σɒɄɋ 3D ɒɂɖɋɍɉɍɀɜȽ Ⱦɜɋɒɂɍ ɚɖɍɓɋ ɍɁɄɀɛσɂɇ σɂ ȽɓɌȽɋɟɊɂɋɍ ɂɋɁɇȽɔɚɏɍɋ ɀɇȽ ɒȽ ɒɏɇσɁɇəσɒȽɒȽ Ⱦɜɋɒɂɍ. ȭɒȽ σɠɀɖɏɍɋȽ σɇɋɂɊə ɚɖɂɇ ȽɓɌɄɅɂɜ Ʉ ɎɏɍȾɍɉɛ ͵D ɒȽɇɋɇώɋ.  ȠɎɜσɄς , ɉɟɀɘ ɒɄς ɠɎȽɏɌɄς ͵D  TV ɒɄɉɂɍɏəσɂɘɋ ɈȽɇ   
Blu-ray σɓσɈɂɓώɋ, ͵D broadcast ɈȽɋȽɉɇώɋ ɈȽɇ  Blu-ray ɁɜσɈɘɋ ɚɖɂɇ ɂɇσȽɖɅɂɜ ɒɍ ɒɏɇσɁɇəσɒȽɒɍ video ɈȽɇ σɒȽ σɎɜɒɇȽ ɒɘɋ ɈȽɒȽɋȽɉɘɒώɋ.  
  Ȫɇ Ȝutostereoscopic ɍɅɟɋɂς, Ɂɜɋɍɓɋ ɒɏɇσɁɇəσɒȽɒɄ ɂɊɎɂɇɏɜȽ ɖɘɏɜς ɀɓȽɉɇə, σɓɋɂɖώς ȾɂɉɒɇώɋɍɋɒȽɇ ɈȽɇ ɅɂɘɏɍɠɋɒȽɇ Ɏɍɉɉə ɓɎɍσɖɟɊɂɋɄ ɒɂɖɋɍɉɍɀɜȽ ɀɇȽ ɒɄ ɊɂɉɉɍɋɒɇɈɛ ɒɏɇσɁɇəσɒȽɒɄ ɁɇȽσɈɚɁȽσɄ σɒɍ σɎɜɒɇ. ȭɂ ȽɋɒɜɅɂσɄ Ɋɂ ɒɇς Ɉɍɇɋɚς ɍɅɟɋɂς, ɍɇ  Ȝutostereoscopic ȽɎȽɇɒɍɠɋ ɟɖɇ Ɋɟɋɍ Ɂɓɍ, Ƚɉɉə ɎɉɛɅɍς ȽɎɟ ɁɇȽɔɍɏɂɒɇɈɚς ɟɗɂɇς ɀɇȽ ɋȽ ɎȽɏɚɖɍɓɋ ɒɄɋ ͵D ɂɊɎɂɇɏɜȽ.   
 ȫɍɉɉə ɓɎɍσɖɟɊɂɋɄ ɂɜɋȽɇ Ʉ ɊɂɒəɁɍσɄ ͵D Ⱦɜɋɒɂɍ σɒɍ Multiview Video Depth(MVD) 

format. ȭɂ Ƚɓɒɟ ɒɍ format, ɒɓɎɇɈə Ɋɟɋɍ ɊɂɏɇɈɚς ɟɗɂɇς ɈɘɁɇɈɍɎɍɇɍɠɋɒȽɇ, Ƚɉɉə Ʉ ɈəɅɂ ɊɇȽ ɖȽɏȽɈɒɄɏɜɃɂɒȽɇ ȽɎɟ ɈɘɁɇɈɍɎɍɇɄɊɚɋȽ ɁɂɁɍɊɚɋȽ ȾəɅɍɓς, ɒȽ ɍɎɍɜȽ ȽɋȽɎȽɏɇσɒɍɠɋ ɒɄ ȾȽσɇɈɛ ɀɂɘɊɂɒɏɜȽ ɒɍɓ σɒɇɀɊɇɟɒɓɎɍɓ ɒɍɓ Ⱦɜɋɒɂɍ.    
 Ȫɇ ɂɏɂɓɋɄɒɇɈɚς ɍɊəɁɂς Ȥmage and Video Coding Group ɈȽɇ 3D Coding Group ȽɋɚɎɒɓɌȽɋ ɒɍ 3D HEVC ȠxtensionȋɂɎɚɈɒȽσɄȌ ɀɇȽ ɈɘɁɇɈɍɎɍɜɄσɄ ͵D video σɂ MDV 

format. Ȯɍ 3D HEVC ȠxtensionȋɂɎɚɈɒȽσɄȌ ɂɜɋȽɇ ɂɎɚɈɒȽσɄ ɒɍɓ σɖɂɁɇȽσɊɍɠ ɒɍɓ 
HEVC, ɒɍ ɍɎɍɜɍ Ⱦɂɉɒɇώɋɂɇ ɒɇς ɁɓɋȽɒɟɒɄɒɂς σɓɊɎɜɂσɄς ɀɇȽ σɒɇɀɊɇɟɒɓɎȽ Ⱦɜɋɒɂɍ ɈȽɇ ɁɂɁɍɊɚɋȽ ȾəɅɍɓς, ɒȽ ɍɎɍɜȽ Ɋɂ Ɂɇəɔɍɏɂς ɒɂɖɋɇɈɚς ɊɂɒȽɒɏɚɎɍɋɒȽɇ σɂ 3D video 

bitstreams. 
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ȭɓɊɎɂɏȽσɊȽɒɇɈə, Ʉ ȽɋəɎɒɓɌɄ ɒɍɓ ɎɏɍɒɠɎɍɓ ȾɏɜσɈɂɒȽɇ ȽɈɟɊȽ σɂ ɂɌɚɉɇɌɄ. Ȯɍ ɀɂɀɍɋɟς Ƚɓɒɟ ɒɍɓ ɎɏɍσɁɜɁɂɇ ɊɂɀəɉɄ ɁɓɋȽɊɇɈɛ ɀɇȽ ɒɍ Ɋɚɉɉɍɋ. Ȣ ɖɏɛσɄ ɒɍɓ HEVC ȽɋȽɊɚɋɂɒȽɇ ȽɎɟ ɒȽ σɒɂɉɚɖɄ ɒɄς MPEG ɋȽ ɂɎɄɏɂəσɂɇ σɂ Ɋɂɀəɉɍ ȾȽɅɊɟ ɒɄɋ σɖɂɒɇɈɛ ȾɇɍɊɄɖȽɋɜȽ, ɈȽɅώς ɍɇ ɎɏɍȾɉɚɗɂɇς Ʌɚɉɍɓɋ ɒȽ Ⱦɜɋɒɂɍ ɋȽ ɈȽɒȽɉȽɊȾəɋɍɓɋ ɒɍ ͻͲ% ɒɄς σɓɋɍɉɇɈɛς ɁɇȽɁɇɈɒɓȽɈɛς ɈɜɋɄσɄς ɒɍ ʹͲͳͷ.  
 

 

 

 

ȫȜȬȜȬȮȢȧȜ 
 

1. ȫȽɏəɁɂɇɀɊȽ σɠɀɈɏɇσɄς Ȣ.ʹ͸ͷ ɈȽɇ Ȣ.ʹ͸Ͷ ȽɎɟ ɒɍ You Tube 

 

 

 
a) 

 

 
 

Cisco H.265 Demo: High quality video with great bandwidth efficiency 

 

(ȫɄɀɛ : www.youtube.com/watch?v=PZP75PEQo6E) 
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2. README TEXT USAGE-Software usage example 
Contact: Woo-Jin Han, wjhan.han@samsung.com 

 

 

 

1. Installation and compilation 

   1.1 Source tree 

       - Root 

         |--- bin 

         |--- build 

              |--- linux 

         |--- cfg 

              |--- cfp 

         |--- doc 

         |--- source 

              |--- App 

                   |--- TAppDecoder 

                   |--- TAppEncoder 

              |--- Lib 

                   |--- TLibCommon 

                   |--- TLibDecoder 

                   |--- TLibEncoder 

                   |--- TLibVideoIO 

                    

   1.2 Windows using MS Visual Studio 

       - Workspaces of VC6 and VC2008 are included in Root/build directory 

   1.3 Linux 

       - Makefile is included in Root/build/linux directory 

 

2. Encoder option 

   2.1 Parameters 

        - TAppEncoder.exe -c config.cfg [options] 

        - Options 

                  --help                   this help text 

            -c                             configuration file name 

            -i,   --InputFile              original YUV input file name 

            -b,   --BitstreamFile          bitstream output file name 

            -o,   --ReconFile              reconstructed YUV output file name 

            -wdt, --SourceWidth            Source picture width 

            -hgt, --SourceHeight           Source picture height 

                  --BitDepth 

                  --BitIncrement           bit-depth increasement 

            -pdx, --HorizontalPadding      horizontal source padding size 

            -pdy, --VerticalPadding        vertical source padding size 
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                  --PAD                    automatic source padding of multiple of 16 

            -fr,  --FrameRate              Frame rate 

            -fs,  --FrameSkip              Number of frames to skip at start of input YUV 

            -f,   --FramesToBeEncoded      number of frames to be encoded (default=all) 

                  --FrameToBeEncoded       depricated alias of FramesToBeEncoded 

                  --MaxCUWidth 

                  --MaxCUHeight 

            -s,   --MaxCUSize              max CU size 

            -h,   --MaxPartitionDepth      CU depth 

            -t,   --MaxTrSize              max transform size 

            -utd, --MaxTrDepth             max transform depth 

            -ltd, --MinTrDepth             min transform depth 

                  --QuadtreeTUFlag 

                  --QuadtreeTULog2MaxSize 

                  --QuadtreeTULog2MinSize 

            -ip,  --IntraPeriod            intra period in frames, (-1: only first frame) 

            -g,   --GOPSize                GOP size of temporal structure 

            -rg,  --RateGOPSize            GOP size of hierarchical QP assignment 

                                           (-1: implies inherit GOPSize value) 

            -r,   --NumOfReference         Number of reference (P) 

            -rb0, --NumOfReferenceB_L0     Number of reference (B_L0) 

            -rb1, --NumOfReferenceB_L1     Number of reference (B_L1) 

                  --HierarchicalCoding 

                  --LowDelayCoding         low-delay mode 

                  --GPB                    generalized B instead of P in low-delay mode 

                  --QBO                    skip refers highest quality picture 

                  --NRF                    non-reference frame marking in last layer 

                  --BQP                    hier-P style QP assignment in low-delay mode 

            -ldm                           recommended low-delay setting (with LDC), 

                                           (0=slow sequence, 1=fast sequence) 

            -int, --InterpFilterType       Interpolation Filter: 

                                             0: DCT-IF 

                                             1: 4-tap MOMS 

                                             2: 6-tap MOMS 

                                             3: DIF 

                                             4: SIFO 

                  --DIFTap                 number of interpolation filter taps (luma) 

                  --SPF 

                  --FastSearch             0:Full search  1:Diamond  2:PMVFAST 

            -sr,  --SearchRange            motion search range 

                  --HadamardME             hadamard ME for fractional-pel 

                  --ASR                    adaptive motion search range 

                  --AMVRES                 Adaptive motion resolution 

            -v,   --GRefMode               additional reference for weighted prediction 

                                           (w: scale+offset, o: offset) 

            -q,   --QP                     Qp value, if value is float, QP is switched 
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                                           once during encoding 

            -dqr, --DeltaQpRD              max dQp offset for slice 

            -d,   --MaxDeltaQP             max dQp offset for block 

            -m,   --dQPFile                dQP file name 

                  --RDOQ 

            -tq0, --TemporalLayerQPOffset_L0 

                                           QP offset of temporal layer 0 

            -tq1, --TemporalLayerQPOffset_L1 

                                           QP offset of temporal layer 1 

            -tq2, --TemporalLayerQPOffset_L2 

                                           QP offset of temporal layer 2 

            -tq3, --TemporalLayerQPOffset_L3 

                                           QP offset of temporal layer 3 

            -sym, --SymbolMode             symbol mode (0=VLC, 1=SBAC) 

                  --SBACRD                 SBAC based RD estimation 

                  --MultiCodewordThreshold 

                  --MaxPIPEBufferDelay 

                  --BalancedCPUs 

                  --LoopFilterDisable 

                  --LoopFilterAlphaC0Offset 

                  --LoopFilterBetaOffset 

                  --CIP                    combined intra prediction 

                  --AIS                    adaptive intra smoothing 

                  --MRG                    merging of motion partitions 

                  --IMP                    interleaved motion vector predictor 

                  --ROT 

                  --ALF                    Adaptive Loop Filter 

                  --AMP                    Asymmetric motion partition 

                  --EdgePredictionEnable   Enable edge based prediction for intra 

                  --EdgeDetectionThreshold Threshold for edge detection of edge based 

                                           prediction 

                  --FEN                    fast encoder setting 

            -1                             turn option <name> on 

            -0                             turn option <name> off 

                    <name> = ALF - adaptive loop filter 

                             IBD - bit-depth increasement 

                             GPB - generalized B instead of P in low-delay mode 

                             HAD - hadamard ME for fractional-pel 

                             SRD - SBAC based RD estimation 

                             RDQ - RDOQ 

                             LDC - low-delay mode 

                             NRF - non-reference frame marking in last layer 

                             BQP - hier-P style QP assignment in low-delay mode 

                             PAD - automatic source padding of multiple of 16 

                             QBO - skip refers highest quality picture 

                             ASR - adaptive motion search range 
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                             FEN - fast encoder setting 

                             AIS - adaptive intra smoothing 

                             MRG - merging of motion partitions 

                             IMP - interleaved motion vector predictor 

                             AMVRES - Adaptive motion resolution 

 

   2.2 Config file (example) 

    

      #======== File I/O =============== 

      InputFile                     : d:\test\origcfp\RaceHorses_416x240_30.yuv 

      BitstreamFile                 : RaceHorses.bin 

      ReconFile                     : RaceHorses_enc.yuv 

      FrameRate                     : 30          # Frame Rate per second 

      FrameSkip                     : 0           # Number of frames to be skipped in input 

      SourceWidth                   : 416         # Input  frame width 

      SourceHeight                  : 240         # Input  frame height 

      FrameToBeEncoded              : 9           # Number of frames to be coded 

 

      #======== Coding Structure ======= 

      IntraPeriod                   : 32          # Period of I-Frame ( -1 = only first) 

      GOPSize                       : 8           # GOP Size (number of B slice = GOPSize-1) 

      NumOfReference                : 1           # Number of reference frames 

      NumOfReferenceB_L0            : 1           # Number of reference frames for L0 for B-

slices 

      NumOfReferenceB_L1            : 1           # Number of reference frames for L1 for B-

slices 

      QP                            : 32          # Quantization parameter(0-51) 

 

      #======== New Structure =========== 

      MaxCUWidth                    : 128         # Maximum Coding Unit size in width 

      MaxCUHeight                   : 128         # Maximum Coding Unit size in Height 

      MaxPartitionDepth             : 5           # Maximum partition depth. ( minimum width 

= MaxWidth >> (MaxPartitionDepth-1) ) 

 

      #=========== B Slice =================== 

      HierarchicalCoding            : 1           # B hierarchical coding ON/OFF (if OFF, no 

reference B is used) 

 

      #=========== Entropy Coding ============ 

      SymbolMode                    : 1           # CAVLC: 0, SBAC: 1, only 1 supported, CAVLC 

implementation is not completed 

 

      #=========== Loop/Deblock Filter ======= 

      LoopFilterDisable             : 0           # Disable loop filter in slice header (0=Filter, 

1=No Filter) 

      LoopFilterAlphaC0Offset       : 0           # Range: -26 ~ 26 
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      LoopFilterBetaOffset          : 0           # Range: -26 ~ 26 

 

      #=========== Motion search ============= 

      FastSearch                    : 1           # 0:Full search  1:Diamond  2:PMVFAST(not 

supported)  

      SearchRange                   : 128         # (0: Search range is a Full frame) 

      MaxDeltaQP                    : 0           # Absolute delta QP (1:default) 

       

   2.3 Typical example 

   

      Example 1) TAppEncoder.exe -c test.cfg -q 32 -g 8 -f 9 -s 64 -h 4 

      (Hier-B)    -> QP 32, hierarchical-B GOP 8, 9 frames, 64x64-8x8 CU (~4x4 PU) 

 

      Example 2) TAppEncoder.exe -c test.cfg -q 32 -g 4 -f 9 -s 64 -h 4 --LDC=1 

      (Hier-P)    -> QP 32, hierarchical-P GOP 4, 9 frames, 64x64-8x8 CU (~4x4 PU) 

    

      Example 3) TAppEncoder.exe -c test.cfg -q 32 -g 1 -f 9 -s 64 -h 4 --LDC=1 

      (IPPP)      -> QP 32, hierarchical-P GOP 4, 9 frames, 64x64-8x8 CU (~4x4 PU) 

       

3. Decoder option 

   3.1 Parameters 

        - TAppDecoder.exe -b test.bin -o test.yuv 

          . Decode test.bin and make test.yuv as the reconstructed YUV 

        - TAppDecoder.exe -b test.bin 

          . Decode test.bin but YUV writing is skipped 

 

4. Contact point 

 

    ===========================================================  

    Woo-Jin Han, Principal Engineer 

    (wjhan.han@samsung.com) 

 

    M/M Platform Lab  

 

    Digital Media & Communications R&D Center  

    Digital Media & Communications Business 

    Samsung Electronics Co. Ltd. 

 

    Korea phone)  

    +82-31-279-8831 (office), +82-10-3329-6393 (cellular) 
    =========================================================== 
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3. PΑCKETLOSS SIMULATOR ΗEVC 
 

 

 
// PacketLossSimulator ΗEVC 

#include <stdio.h> 

#include <stdlib.h> 

 

 

#define MAXPACKETSIZE 50000 

 

 

int looseit(FILE *err) 

{ 

int c; 

do { 

c = getc (err); 

if (c == EOF) { 

fseek(err, 0, SEEK_SET); 

} 

else if (c == '0') return 1; 

else return 0; 

} while (1); 

} 

 

int main(int ac, char *av[]) 

{ 

FILE *in, *out, *err0=NULL; 

unsigned char buf[MAXPACKETSIZE]; 

unsigned char nal_type; 

int i; 

int packet_number=0; 

 

if (ac < 4) { 

printf ("Usage: %s <inpackets> <outpackets> <pattern error-file> \n", av[0]); 

exit (-1); 

} 

 

if (NULL == (in = fopen(av[1],"rb"))) { 

perror("read input open"); 

exit(1); 

} 

 

if (NULL == (out = fopen(av[2],"wb"))) { 

perror("write output open"); 
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exit(2); 

} 

 

if (NULL == (err0 = fopen (av[3], "rb"))) { 

perror ("read err0 open"); 

exit (3); 

} 

 

buf[0]=fgetc(in); 

buf[1]=fgetc(in); 

buf[2]=fgetc(in); 

buf[3]=fgetc(in); 

buf[4] = fgetc(in); 

nal_type = buf[4] & 0x0F; 

 

for(i=5; ; i++) 

{ 

buf[i] = fgetc(in); 

if(feof(in)==0) 

{ 

if(buf[i-3]==0 && buf[i-2]==0 && buf[i-1]==0 && buf[i]==1) 

{ 

fwrite(buf, sizeof(unsigned char), i-3, out); 

printf("Packet Number = %2d  Packet Size = %d (%d)\n", packet_number, i-3, nal_type); 

packet_number++; 

fflush(out); 

buf[0]=buf[i-3]; 

buf[1]=buf[i-2]; 

buf[2]=buf[i-1]; 

buf[3]=buf[i]; 

break; 

} 

} 

} 

while(feof(in)==0) 

{ 

for(i=4; ;i++) 

{ 

buf[i] = fgetc(in); 

nal_type = buf[4] & 0x1F; 

if(feof(in)==0) 

{ 

if(buf[i-3]==0 && buf[i-2]==0 && buf[i-1]==0 && buf[i]==1 ) 

{ 

if(nal_type==1 || nal_type==20) 

{ 



 51 

 

if(err0 != NULL && looseit(err0)) 

printf("Packet Lost! (%d)\n", nal_type); 

else 

{ 

fwrite(buf, sizeof(unsigned char), i-3, out); 

printf("Packet Number = %2d  Packet Size = %d (%d)\n", packet_number, i-3, nal_type); 

fflush(out); 

} 

} 

else 

{ 

fwrite(buf, sizeof(unsigned char), i-3, out); 

printf("Packet Number = %2d  Packet Size = %d (%d)\n", packet_number, i-3, nal_type); 

fflush(out); 

} 

 

packet_number++; 

buf[0]=buf[i-3]; 

buf[1]=buf[i-2]; 

buf[2]=buf[i-1]; 

buf[3]=buf[i]; 

break; 

} 

} 

else 

{ 

fwrite(buf, sizeof(unsigned char), i, out); 

printf("Packet Number = %2d  Packet Size = %d (%d)\n", packet_number, i, nal_type); 

fflush(out); 

break; 

} 

} 

} 

 

fclose(in); 

fclose(out); 

if ( err0) 

fclose(err0); 

return 0; 

} 
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4. Yuv Analyzer 

 ȭɒɍ ȽɈɟɉɍɓɅɍ ɉɜɋɈ http://www.sunrayimage.com/yuvanalyzer_psnr.html ɚɖɍɓɊɂ ɒɄ σɓɋəɏɒɄσɄ ȋfunctionȌ ɀɇȽ ɓɎɍɉɍɀɇσɊɟ ɒɍɓ PSNR ɊɂɒȽɌɠ Ɂɓɍ YUV Ƚɏɖɂɜɘɋ, ɒɍ ȽɏɖɇɈɟ ȋoriginal) video data ɈȽɇ ɒɍ ɂɎɂɌɂɏɀȽσɊɚɋɍ ȋprocessed) YUV video data. ȮȽ Ɂɓɍ ΑUV ȽɏɖɂɜȽ ɎɏɚɎɂɇ ɋȽ ɚɖɍɓɋ ɒɍ ɜɁɇɍ ΑUV format, ɈȽɇ ɒɄɋ ɜɁɇȽ ȽɋəɉɓσɄȋresolutionȌ. 
 ȭɒɍ main menu, ɁɇȽɉɚɀɍɓɊɂ "YUV Analyzer", Ɋɂɒə ɂɎɇɉɚɀɍɓɊɂ "PSNR", ɛ ɈɉɇɈəɏɍɓɊɂ σɒɍ   ɈȽɇ ɅȽ ɎɏɍɈɠɗɂɇ ɒɍ ɎȽɏȽɈəɒɘ ɎȽɏəɅɓɏɍ. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.sunrayimage.com/yuvanalyzer_psnr.html
http://www.sunrayimage.com/images/YUVPSNR.jpg
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5.  
 

 

 

 

3D HEVC Extension 

 

 

 

 

 

 

Πηγή:http://www.hhi.fraunhofer.de/en/fields-of-competence/image-processing/research-

groups/3d-coding/3d-high-efficiency-video-coding.html 
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