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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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1. σ  

 

 ς ς σ ς ς ς   σ σ      HEVC/ .      σ ς Video Streaming σ  σ      ώ .  σ   ς    σ  σ      σ σ ς compression efficiency , σ  σ ς power dissipation    ς σ error control).    

 ς σ ς ς  HEVC  High Efficiency Video Coding  .   format) σ σ ς , ς  H.264/MPEG-4  AVC 

(Advanced Video Coding).   HEVC    σ   ϊ  ς σ σ ς  ITU-T Video Coding Experts Group   ISO/IEC MPEG (  σ σ      σ  Joint Collaborative Team on 

Video Coding - JCT-VC).    HEVC   σ σ      σ σ  σ  σ σ   (. /MPEG-  AVC ώ ς    ς .   HEVC    σ  σ   σ    ώ , σ  σ   video  σ ς σ ς ς D ς.  
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    σ  σ  ς ς ,  σ ς ς   σ  ς σ ς.   σσ ς ς   , σ   , σ  σ  , ς σσ ς ς, ώ    .  σ         σ  ς ς    σ   σ  σ ς σ  σ  . Έ σ     σ ς  ς      ς ς σ       ώ  σ       σ ς.   ς σ ς   σ σ    H.264/MPEG-4 AVC,    High Efficiency 

Video Coding (HEVC/ . ,     σ   σ σ ώ  ώ  ώ , ώς   σ  σ  Fraunhofer.   σ  σ  σ     HEVC   ς     σ  ώ   H.264.  σ ς, σ  σ  ώσσ  C   ώ   σ  σ   ώς     σ     σ     HEVC,           σ   σ  . 
H σ  σ         σ   σ  ς ώ ς . σ σ ,     σ  σ     σ ς   ώ   σ  σ ς σσ ς ώσ ς      σ   .  
 ς     σ    ς    σ    σ  .  σ     σ σ  σ    σ  , . .  ς ς ς, ς σ      ς     bit(bitstream .  Ό    σ , σ     ώ  ,  ς   σ   .   
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2. σ ς ς 

  

.              ς "σ "  σ   σ  ς        ς  σ ς.       σ  σ ώ    σσ   ς ς  . ώς    video " "  σ          σ  -  color special resolution    σ ς  σ  ς σ ς ς ς. 
 

. .  σ ς ς  

  σ σ  σ ς     σ  σ  σ ς σ  σ   , σ  ώσ   σ  ς ς    σ  . 
  σ    ώ   ς  σ  σ ,  σ σ  σ ς   σ σ . ς ς ς,   σ σ   σ   ,    σ ς  .  σ  ς σ σ ς ς σ ς     σ       σ   σ ς σ   . .  σ  ς σ ς).  '           σ  ς ς , σ    σ    σ . 
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 2.3 ς  Subjective Methods)  ς σ ς ώ  ώ  ώ  σ ς ς ς       σ  ώ ς  σ  σ   σ          σ σ .  ς ς, σ σ ,  σ  ς ς ς   σ ς   ,      σ  ς  . 
 

 

 

 ς « ς σ ς ς ς  "  σ  
ITU-T σ σ σ  BT. .   ς   σ  Mean Opinion 

Score)  :  - ς  σ   ώ   σ  σ   ώ  ς    σ      ς  ς . σ σ ,  σ   ώ     σ   . 
 

2.4  ς  (Objective Methods)  ς  σ ς        σ   σ  ς σ ς ς ς ς ,   σ    σ ς             σ  .  
 ς    σ   σ    σ ς ,      ς ς   σ σ .   

http://en.wikipedia.org/wiki/Mean_Opinion_Score
http://en.wikipedia.org/wiki/Mean_Opinion_Score
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ς  ,    ς  ς Full (Full Reference 

Methods-FR ) , ς ς  (Reduced Reference Methods-RR )  

No -  ς (No-Reference Methods-NR ) .     σ ς FR    ς, σ ς  pixel σ    ς ς ς σ  σ  σ  ς σ    .   σ ς RR  σ  σ        σ σ  ς    ς . σ         σ , . . σ   σ   σ  ς ώ ς bandwidth).   NR σ ς σ   σ    ς  , ς   σ    .  σ ς ς σ ς σ    σ   ς σ ς . 
 

2.5 σ ς  PSNR (peak siqnal-to-noise ratio  ς 
 ς 

   σ   σ ς ς ς   σ σ ς σ ς  . . ς , ς DivX, Xvid   σ ς   σ ς ς  signal-to-noise ratio - SNR   ς ς σ ς ς  (peak signal-to-noise ratio - PSNR)    σ ς    σ ς   σ   σ σ ς.   σ ς  PSNR    ς σ  ς ς  . σ σ ,  ς PSNR  σ σ         ς  ς σ ς  ώ   σ σ ς .    σ  ς ς ς  , ς  σ ς ς        

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 - ώ    σ    σ  ς ς σ ς      ς ς,  ς σ  ς, ς   ς   σ  ς ς ς .     ,  ς ς ς   σ    ώ   σ ς       ς ς       σ  ς ς actual  σ ς.  
 

 

  PSNR,   ς  ς σ ς ς σ ς  σ ς  ς σ ς   ς (corrupting noise     σ  ς σ σ ς ς.   σ       ς,  PSNR  σ ς σ  σ σ      σ dB).  PSNR  σ  σ    σ  ς ς ς σ ς lossy ώ  σ σ ς (lossy compression codecs , ς   σ  σ σ  ς. 
  σ  σ    σ     ,   ς   σ   σ    σ σ .   σ σ   ώ   σ σ ς,  PSNR   σ σ    ώ   ς ς ς σ σ ς.   ς    PSNR    dB)     σ   ς ς, σ  σ ς ώσ ς,     .  

http://en.wikipedia.org/wiki/Noise
http://en.wikipedia.org/wiki/Codec
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ς     σ ς   σ  σ ς ς ς ς.  σ     σ    σ   σ            .    PSNR  σ   σ   σ ς Mean Squared Error-

MSE). ς ς ς  m x n σ ς ς   ς ώ ς σ σ ς  ,  
 

 

To PSNR  ς:  

 

  MAXI  :   σ      σ  (pixel  ς ς.  Ό   σ  σ  σ ώ ς  bits  ,   .  ,    σ  σ ώ ς LinearPCM, 

MAXI is 2B− .   ς ς  ς ς RGB  pixel,  σ ς  PSNR   ς, ς   MSE    σ    ώ   σ      ς ς ς    .  ,  ς ς    σ    ώ  ώ ς  PSNR         ώ  ώ ς, . ., YCbCr  HSL.  
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ς ς   PSNR σ  lossy σ σ  ς        dB, σ   ς bit   bit,     .     Bit  ς ς   PSNR     dB.  ς ς   ώ   ς σ ς σ ς      dB ς  dB.   σ  ,   ς     σ ς,  σ   MSE  .  σ    PSNR  σ σ   σ    .                                       
 

PEVQ (Perceptual Evaluation of Video Quality) 
 

 ς σ ς PEVQ (Perceptual Evaluation of Video Quality)  

    σ    ς ς ς ς ς .  

 PEVQ  ς ς ς(FR    pixel-by-pixel      σ  σ    σ ς ς « σ  ώ σ »   σ  σ  ς   σ ς(test signal).  PEVQ MOS(Perceptual Evaluation of Video Quality ean 

pinion Score)     ς  σ . 
  ς σ ς   σ    σ  visible artifacts     σ / σ  ς  ,    RF-  IP-based .    σ  σ   ς ς  ς σ ς ώ  ώ   σ ς IPTV σ ς ς  ς ς, σ   σ ς ς  σ   σ  . 

 

 

 

 

http://en.wikipedia.org/wiki/Mean_opinion_score
http://en.wikipedia.org/wiki/Mean_opinion_score
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          3 
                                    

  HEVC/ .  

   
 

 ς σ ς ς  HEVC  High Efficiency Video Coding  

.265  format) σ σ ς , ς  H.264/MPEG-4  AVC 

(Advanced Video Coding).   HEVC    σ   ϊ  ς σ σ ς  ITU-T Video Coding Experts Group   ISO/IEC MPEG (  σ σ      σ  Joint Collaborative Team on 

Video Coding - JCT-VC).    HEVC   σ σ      σ σ  σ  σ σ   (. /MPEG-  AVC ώ ς    ς .  
  ώ  σ    ώ   σ  σ ς ς  
2013.      σ  σ   σ    ώ , σ  σ   video  σ ς σ ς ς D ς.   σ σ    σ ώ        σ σ  σ ς σ ς ς σ σ ς ς σ  H.262/MPEG-   
H.264/MPEG-  ,   σ      σ σ    σ . Έ σ      σ   σ   σ   σ  σ  ώ .   σ    σ    ς σ ς ς,      -   σ     - .    σ   σ     σ    σ  video. σ  σ     ώ  ς σ  ς 
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ς High Definition - HD   σ ς σ  ώ   σ   , σ σ  σ ς  σ ς video, σ σ ώ  ς, σ σ  σ ς,   σ   video, Blu-ray 

Discs  video ς  .   ς, ς       ,  σ ς ς  σ  σ  σ  σ σ ώ     σ ώ  ,  ώ  σ σ ς . 
  σ ς   σ ώ ,   ς     σ σ  σ  HD video   σ   HD ώ ,      σ  σ  σ σ     H.264/MPEG-4.      σ    .  σ ς  ς      ς  σ  σ  ς      σ ς σ σ ς smartphones, tablets    σ σ  ς σ ώ  video on 

demand.      ς ς ς ς.   HEVC σ σ    σ   ς ς   σ     H.264/MPEG-      σ  ς ς      ς ς σ ς.   ς σ ς  HEVC    bitstream   σ ς  σ    σ     ς.  σ σ  mapping     σ   σ         ς    bitstream  ς ς   σ  . ς   σ   σ σ ώ          bitstream.  
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3.1    σ   VC   H.264  

  . /AVC   ς ς      ς  σ  ς σ ς .  ς ς   σ  ς ς  σ  ς σ ς ς   ς   HEVC/H.265.     σ σ   σ    High Efficiency Video Coding –HEVC–  σ   σ  σ σ     H. .  σ       ς   HEVC σ  σ   σ  bit-rate σ  σ σ    H.264.   ς ς,  ς σ  σ  K, σ   
 ς,  x64pixels    .   AVC ,  σ  ς ς σ   ς ς  quad-free 

partitioning   σ ώ   AVC)   intra-modes.  

    Motion Pictures Expert Group (MPEG  ς  σ   σ  ς σ σ ς      σ  ς ς σ    ώσ   σ   ς ώ ς bandwidth)      σ    σ    σ  .   σ          σ  ς ώ ς   σ   ς ς σ  σ σ    H. .   σ  ×  pixels,      σ   σ  σ  
64×64 pixels    σ  ς σ  σ  ς σ ς ς ς.  
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3.2 σ  

   H.  σ σ    : 
  σ  

  σ  σ   σ σ  

  ς σ ς   σ ς   σ  HEVC σ     σ σ   σ  σ    σ     H.   .   2.1.  σ  ς ς ς    
bitstream  σ ώ  σ    HEVC.    σ  ς blocks        σ  .  

 

   1  T ς HEVC video encoder(decoder modeling elements -  ώ ),  :[01]. 
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 ώ   ς ς ς video    σ   ς σ ς ς intrapicture prediction .    σ      σ  ς ς ς ς ς   σ  σ  ς ς. Ό ς  ς ς ς ς    ς    ς interpicture prediction .    σ  σ   ς σ ς ς  ς σ ς σ ς 
(Motion Vector - MV  ώσ           block. σ   ς σ    ς  ς 
interpicture ς   σ   σ       Motion Compensation (MC ,  σ   MV  mode decision    σ  - .  
  ς σ    σ ς   σ  ώσ       ς ς   . Έ σ   σ  ς ς ς σ   inverse scaling   σ ς.         σ       .       σ  - ώ  ώσ   σ    σ  ς σ ς interlaced σ  ώσ    σ  σ  HEVC ς ς. Έ σ    σ   ς  ς       ς    σ ς  σ ώ . 
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 σ  σ  ς σ ς : 
 Coding Tree Units  Coding Tree Blocks:   ς σ ς σ      σ   macroblocks 

(16×16 block luma samples, 4:2:0 color sampling,  σ  ×  blocks 

chroma samples .  σ  σ    (EVC   Coding Tree Unit      ς σ  σ   σ  macroblock         .   

 16×16 block luma samples, 4:2:0 color sampling,  σ   8×8 blocks 

chroma samples. σ  σ ς  σ   σ   σ  σ ώ ς   .  
 Coding Units (CU)  Coding Blocks (CB):  σ   CTU   ς   σ   luma   chroma  CB.     σ    CTU. Έ σ   ς  luma CTB   σ     σ   luma CB.  σ σ   CTU σ  luma  chroma CB  σ  σ . Έ  luma CB   chroma CB     σ  σ   CU. Έ  CTB      CU    σ  σ   CU,         σ  ς σ  Prediction Unit  σ    Transform Units TU .      σ  ς CTB σ  CB.  σ ς ς σ     Tree Blocks ώ    σ  

quadtree. 

 

 

    2 σ  ς CTB σ  CB  :[01]. 
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 Prediction Units (PU)  Prediction Blocks (PB):  σ      σ  ς ς    intrapicture  interpicture prediction  σ   CU.  PU σ σ     ς σ    CU.    σ   ς  Luma   chroma CB    σ σ  σ   ς      luma  chroma prediction blocks.  (EVC σ      . 
 Transform Units (TU)  Transform Blocks (PB): To prediction 

residual    σ  block ώ . Έ  TU      σ  CU .   luma CB       luma Transform Block TB     σ σ  σ   luma .       chroma TB. σ  ς σ σ ς , ,   . 
 Motion vector signaling: σ  Advanced motion vector 

prediction (AMVP).       ώ   Motion Vector  σ     σ  PB  ς ς ς . σ ς   σ   σ σ    σ   MV    σ   MV   σ σ  σ   PB.  
 Motion Compensation σ σ  σ ς :  

   σ      σ σ    

(video compression).  Motion compensation    σ    σ σ  ς ς ς reference picture) ς  σ  current picture).   ς       .  PEG(Motion Picture Experts Group),  ς    σ  (P frames)  bidirectionally-   σ  (B frames).     σ  σ ώ ς otion Compensation,  ς σ   ς (residual)    σ   . 
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 Intrapicture prediction:    samples   blocks σ  σ  ς    σ  ς     interpicture prediction.  intrapicture prediction σ   ς ς  σ σ   ς  σ ς  
H.264/MPEG- , planar  DC ς ς.  ς intrapicture prediction ς  σ ς  ς σ σ ς σ σ ς σ  ς   σ   ώ  PB. 

 

 

 Quantization control: Ό ς  σ  H.264/MPEG- ,    σ  uniform reconstruction quantization - URQ) σ  σ  (EVC,  ς ς ς ς  σ      ώ . 
 Entropy encoding:   σ  ς ς σ   Context adaptive binary arithmetic coding - CABAC .  σ     σ   σ  σ  (. /MPEG-4. 

 In-loop deblocking filtering: σ     amplitude mapping σ   interpicture prediction     σ   deblocking. ς    σ  σ    σ ς   σ  ς  σ ς    ς  ς    σ   σ  σ  σ    . 
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3.3    σ ς 

 Έ ς ς  ς ς σ ς σ  HEVC        σ    σ σ ώ , ώ   ώ   ώς  ώ    σ  ώ ς .        σ    σ   
H.264/MPEG-4. Έ σ     σ    σ : 

   σ  :  σ     ς    σ    σ   ώ    video.    σ   σ   σ             σ  ς σ ς.  ς   σ   ς  
H.264/MPEG-        σ   video 

(video parameter set  - VPS). 

  ς ς NAL:   σ ς  σ      network abstraction layer NAL  unit.   σ  ς ς ς  byte   σ σ   σ ς  
   . 

 Slices: Έ  slice           ς σ ς ς ς ς ς,     entropy coding, signal prediction  residual signal reconstruction. Έ  slice         ς. Έ ς   σ ς σ ς  slices   σ σ ς σ  ώσ ς ώ ς .  σ  ς σ ς   σ ς ς payload bits  σ   slice     ς  CTU σ  slice      σ  ς  overhead   ώσ   ς     σ  σ   . 
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 Supplemental enhancement information (SEI) and video usability 

information (VUI) metadata:  σ   σ   ς ς  σ  σ  SEI  VUI.   σ  ς σ    σ     video    σ   σ    σ  σ  σ   video. 

3.4  ς σ ς  ς σ ς 
slice 

 ς ς  σ  HEVC   σ  ς ς σ ς     ς ς  slice    σ    σ  .    ς    ώ .  ς ς : 
Tiles:      ς σ ς ς ς σ  ς ς   tiles.  ς σ ς ς   σ  ς ς   σ     ώ σ  σ .  ς σ ς ς ς ς      header.  tiles    σ   σ ς ς ς σ σ ς σ  ς ς    video.   σ  tiles   σ  ς ς σ  ώ ς ς    ς CTU σ     .  
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Wavefront parallel processing: Ό    σ ς  Wavefront 

parallel processing (WPP),  slice  σ  ς  CTU.  ώ   σ  σ  σ    ,     σ  σ       σ  σ   CTU ς ώ ς ς,      σ  σ       σ  σ   CTU σ    . . .       ς σ ς ς ς σ     σ   ς ς ς   CTU .  WPP σ    ς σ ς σ     granularity σ ς .  WPP  σ   σ   σ  σ σ ς   tiles. 

 

 

Dependent slice segments:  Dependent slice segments  ς   σ    σ     wavefront entry point  
tile   σ   σ  NAL unit  σ      σ    σ σ     σ     σ σ  σ  σ σ  σ        σ     σ   slice. Έ    slice   wavefront entry point      σ    ς σ ς ς  ς slice  .  Dependent slice segments  ς σ  σ  ς σ σ ς σ    σ σ    ώ    ς ς. 
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                                                                    4 
 

 

  4.1 σ  σ ς EVC 
  σ ς   σ   σ   HEVC σ     ώ ς.   σ   ώ   σ  .   Test   σ  ώσσ  C.   ς    σ   σ  

 

  ώ  σ    σ  ς σ σ   
video    H. .  σ         σ ς   σ  σ  σ σ :http://x264.fushizen.eu/builds/hevc-

hm/hm_12.0_r3541_release.7z,     
TAppEncoder   input  video σ  σ σ  σ    foreman_cif.yuv. ς   σ  ς ς TAppEncoder  σ   readme.txt. σ  . 

 

   σ ,  bitstream     σ   hevc.bin    σ  ώ ς      hevc_loss.bin.  σ   σ   σ   video σ    σ   ώ ς . 
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   σ    σ    
hevc_loss.bin ώσ      foreman_cif_loss.yuv.  σ         σ ς   σ  σ  σ σ : 

http://x264.fushizen.eu/builds/hevc-hm/hm_12.0_r3541_release.7z,     TAppDecoder    video σ  σ σ  σ    foreman_cif.yuv . ς   σ  ς ς TAppDecoder  σ   
readme.txt.                                                                                                        
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    TSTREAM 
 

  σ σ  looseit ς ς est,  σ   R(Bit Error Rate)  σ   σ   bitstream      σ    σ . 
 

 

 

      est 

 
#include <stdio.h> 

#include <stdlib.h> 

#define MAXPACKETSIZE 50000 //M   

//  PACKET LOSS      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"); 

  //K   video foreman_cif.yuv    

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); 

 } 

    //    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; 

} 
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4.2  ς ς Test 

 

 

   

 

  ς ς  
 

1.   σ   video   σ  σώ  σ  . 
2.   σ σ   .  σ             . 
3.   ώς         σ ώσ   ς σ  – σ σ  – .             . 
4.              ERROR PATERN.          

 

5.   σ       σ  ς   ς σ   video       σ  ,         ERROR PATTERN.     σ    σ     . 
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6.    σ   ώ     σ   . 
 

 

 4.3  σ   ώ    link   bitrstreams  https://www.dropbox.com/s/ij0vbmiwgk9cbog/BER.zip 

   σ    ς  Soccer4CIF, Crew 

4CIF    (σ )    R(Bit Error 

Rates).    σ   EVC σ ς ς  ς ς  it rror Rate(BER):  610   710 .  ς σ    HEVC     σ   Low Complexity(Low Delay)   igh Efficiency(Random 

Access)   σ .   ς  SOCCER, 

CROWD    σ :    frames 600(60fp ,   SOCCER   σ    ,   CROWD     frames.  

  σ    :  

 4CIF              (Common Intermediate Format ) σ   ς  ς 

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

 QP     :24,       (QP- Quantization Parameter) 

 YUV 4:2:0    (color format) 

Aπo  ο α http://media.xiph.org/video/derf/ ου   α ο ου  ωrew 

α  Soccer 

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

hannover.de/pub/svc/testsequences/ 

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

hannover.de/pub/svc/testsequences/ 

Download: 60 fps 4CIF (349 MB) 

 CEL   σ   σ  YUV ANALYSER (  σ  PSNR)  

   CREW_ 4CIF_ LD_-7, CREW_ 4CIF_ RA_-7  SOCCER_ 4CIF_ LD_-7, SOCCER_ 

4CIF_ RA_-7  LD (Low Delay), RA (Random Access)   σ .  

 

O ς ς  o Quality Y-PSNR[dB]   ς ς    

Frame umber (  o    σ σ   frames). 

 

  BER 710    

 
 

 

 

  4 
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  BER 610   

 
 

 

 

 
 

   5 
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  ς test conditions  ς random access  σ σ   low delay σ σ  schemes.  random access setting    σ σ   processing units(coded frames order).  σ   low delay scheme   ς ς reordering ς  
intra updating.      

   configuration schemes  ς σ ς  HEVC.   random access mode  σ  B-pictures coding   low 

delay mode σ  P-pictures.    settings   high profile,  σσ  σ  σ    standard VC. 

 

 

 

4.4 σ - σ ς 

  σ  PSNR   σ σ   frames. 

Μ   α ο α ου πα α  π α α 

 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
 ς 6 
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   σ σ : 

  Σ    ω σχ       

ω  ως       χ   

frames.  ς frames        σ  σ  
600 frames!. Ό ς   σ  PSNR   σ σ   frames   σ ς ώ ς σ    σ   . 

 

 Π  σ  ώ  frames  σ  ωσ   BER 

  710 .     σ   σ   Bit Error Rate σ  ώ   BER( ς σ   σ       ώ   frames.      ς ς ς ς  frame number  CREW   SOCCER  LD  RA  BER 10e-6 KAI BER 10e-7. 

 ς  ώσ ς  Soccer  LD  Soccer RA     16  frames  
10e-6 BER      128 frames σ ,  σσ ,  BER 10e-7.  

 ς  ώσ ς  CREW  LD  CREW RA     62  frames  
10e-6 BER      128 frames σ ,  σσ ,  BER 10e-7.  

  Η   χ    ωσ  BER 10e-  σ  σχ σ   

BER10e-    ς  ς   LD   RA. 

   CREW LD     R 10e-7  300 frames σ  

   41,323 PSNR, ώ  BER 10e-6  ς 37 

frames σ       35,449  PSNR. 
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  CREW RA     BER 10e-7  255 frames σ  

   41,325 PSNR, ώ  BER 10e-6  ς 62 

frames σ       39,948  PSNR. 

   SOCCER LD     BER 10e-7  255 frames σ  

   39,592 PSNR, ώ  BER 10e-6  ς 26 

frames σ       31,73 PSNR. 

   SOCCER RA     BER 10e-7  128 frames σ  

   43,202 PSNR, ώ  BER 10e-6  ς 16 

frames σ      37,474   PSNR. 

 

 

 Η   χ    ωσ  LD ’   RA    BER 

10e-    BER10e-    ς  ς.  Ά  σ       High Efficiency (random access)   Low complexity (Low Delay).   σ  σ   CREW_ 4CIF_ LD_-        PSNR ,   ώ   CREW_ 4CIF_ RA_-         PSNR 39,948.         

                         
ο  α SOCCER_ 4CIF_ LD_-   PSNR 39,592 ώ   SOCCER_ 4CIF_ 

RA_-         PSNR 43,202.                

                      

 

 Π     ς  LD(Low Delay), RA(Random 

Access)     ΒΕRe10-  ’     BER10e-     
 SOCCER    CREW. 

 

         ς  LD,RA    SOCCER   
               BER 10e-6  6, ώ  BER 10e-7    3, 61. 

               ς   ς  LD,RA    CREW   
               BER 10e-6  4, 499 ώ  BER 10e-7    0,002. 
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, 
 

  SOCCER  

 BER 10e-6                        

                                                   PSNR 
SOCCER_ 4CIF_ LD_-6    31, 73      

SOCCER_ 4CIF_ RA_-6    37, 474    

    37,474-31,73=6 

 

 ώ  BER 10e-7 

                                                     PSNR 
SOCCER_ 4CIF_ LD_-7    39,592 

SOCCER_ 4CIF_ RA_-7    43,202 

 

  43,202-39,592=3,61                                   

 

 

 

  CREW 

 BER 10e-6             

CREW_ 4CIF_ LD_-6       35, 449    

CREW_ 4CIF_ RA_-6      39,948       

  39,948-35,449=4,499 

 ώ  BER 10e-7 

 

CREW_ 4CIF_ LD_-7       41,323    

CREW_ 4CIF_ RA_-7       41,325    

 

  41,325-41,323=0,002 

 

 

4.5 ς Έ ς 

 
fps  frames per second α  ου π  π οφο α οπο α  α 

απο υ  α  π ο ο   οέ 

Κ  α -π α ο(frame) α  α αέ H φ  frames  ο  α ο , 

ου   υ α   έ Ό ο π α α  α α  α  
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υ π ο (fps), ο π ο ο α   φα α έ Σ   α , ο 

ο  α  fps που απα ο α  α  αποφυ  απ ο   α  π που 

γίέ  ο φ  ο υπο ο , π  AVI, πα ου  ο 1η α  α  

υ π οέ 

 

BER-Bit Error Rate 

Σ  φ α  ο , ο α   φα  bit α  ο α   υα  

φ  που α ο α  απ  α ο  ο   α α  π ο α  που ου  

α   ο ου, πα ο .  υ  φ α ο  φ  - BER α  ο 

ο  ου  α ο   φα  υα  φ  π ο  ο υ ο  α   

υα  φ  που  α ο α  α   α  ο ο  α α ο  που 

α έ  BER α    απ ο , που υ  φ α   πο ο  

π  ο  α έ 

 

Ω  πα α, α  υπο ου   α  α ο ου α bit: 

0 1 0 1 0 0 1 0 1 1, α   α ου  α α  α ο ου α υα  φ μ 
0 0 1 0 1 0 1 0 0 1.  

 α   φα  bit ( α υπο α α bits) α   π π  αυ  γέ Η 

BER α  γ ο  bits α α   1ί bits που α ο α ,  απο α ο BER 

α   ί,γ  γί%έ 

 

To Common Intermediate Format-CIF   σ  σ  ς  width  

height   frame   frame rate.  CIF  352 X 240pixels σ  

National Television System Committtee-NTSC format.  Ά  σ     
4CIF (704 X 480pixels).   

 

 

Bitrate 

  Bitrate   ς  bits   σ     bits 

per second-bps  kbps  Mbps  Gbps 
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 GOP -Group Of Pictures  σ  ,   ,    GOP,   σ       intra  inter-frames  .  GOP    ώ   σ  σ     .       ς GOPs.  
 Έ  GOP  ς ς ς ς: 

 

        I picture  I frame (intra coded picture)        ς ς ς ς.  GOP     σ      ς ς . 
 P picture  P frame (predictive coded picture   motion-

compensated difference ς σ σ σ ς  ς ς ς,    predictively coded region σ  σ  P 

picture  σ       ς 
reference picture.  

 B picture  B frame (bipredictive coded picture   motion-

compensated difference ς σ σ σ ς  ς ς ς,    predictively coded region σ  σ   

picture  σ     ς ς ς ς 
references.  

 GOP structure-   σ    ς,  ,  = , 
N= .  ώ ς ς   σ σ    σ    .     σ σ  σ  σ   ς ς I-frames :    
GOPsize. ) 
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   = ,  = ,   GOP  IBBPBBPBBPBBI..  ς     σ   σ  σ  (maximal count)  
-frames   ώ   anchor frames. 

  , σ    ς  IBBBPBBBPBBBPBBBIBBBPB,  ς GOP  σ    ς   σ     σ σ     σ  ς     ς   σ       ς   ώ  σ  P ). 

 

 

4.6    
 

 

  σ   H.       ς ς   σ  ,    σ     ς  σ          H.  .  
 

VP9  

  VP    , ς  ώ    σσ    Google   ς  VP .  VP    σ  Next Gen Open Video(NGOV  ώς  VP-Next.      VP9 σ      . Έ ς  ς σ ς  VP    ώσ   bit rate  % σ  σ σ    VP      .  
 Έ  ς σ σ ς ώσ ς σ  σ σ    VP  ς  ς ς   σ  superblocks ς    pixels     σ           σ   σ ς  .  
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Ά ς σ ς    σ   σ         VC. 

 

 

 

3D HEVC xtension σ   σ  D video  

  σ ς ώσ ς σ  3D    σ  σ      σ σ  .  σ  σ      D ώ .  σ ς ,  ς ς D  TV σ     
Blu-ray σ σ ώ , D broadcast ώ    Blu-ray σ   σ   σ σ  video  σ  σ   ώ .  
   utostereoscopic ς,  σ σ   ς , σ ώς ώ     σ      σ σ  σ σ  σ  σ .  σ   ς ς ς,   

utostereoscopic    ,  ς  ς ς     D .   
  σ    σ  D  σ  Multiview Video Depth(MVD) 

format.    format,   ς ς ,         ς,   σ   σ    σ   .    
  ς ς mage and Video Coding Group  3D Coding Group 

  3D HEVC xtension σ   σ  D video σ  MDV 

format.  3D HEVC xtension σ   σ   σ σ   
HEVC,   ώ  ς ς σ σ ς  σ     ς,    ς ς  σ  3D video 

bitstreams. 
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σ ,     σ   σ  .  ς   σ      .  σ   HEVC    σ  ς MPEG  σ  σ     σ  , ώς  ς       % ς σ ς ς σ ς  .  
 

 

 

 

 
 

1.  σ σ ς .   .    You Tube 

 

 

 
a) 

 

 
 

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

 

(  : www.youtube.com/watch?v=PZP75PEQo6E) 

 

 

 

 

 

 

 

 

 



 44 

 

 

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 



 45 

 

                  --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) 

{ 
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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; 

} 

 



 52 

 

4. Yuv Analyzer 

    http://www.sunrayimage.com/yuvanalyzer_psnr.html   σ σ  function   σ   PSNR   YUV ,   original) video data   σ  processed) YUV video data.   ΑUV       ΑUV format,    σ resolution . 
  main menu,  "YUV Analyzer",   "PSNR",   σ         . 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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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