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课程概要 
 
• 视频压缩原理 
• 视频编解码算法 
• 视频编解码芯片 



参考书目 



Video Format and Quality 







Capture 



New iPad 

2048x1536 

iPad2 

1024×768 





Top field Bottom field 



Colour Space 

The RGB color model mapped to a cube. The 

horizontal x-axis as red values increasing to the 

left, y-axis as blue increasing to the lower right 

and the vertical z-axis as green increasing 

towards the top. The origin, black, is the vertex 

hidden from view. 

RGB 

http://en.wikipedia.org/wiki/File:RGB_color_solid_cube.png


The arrangement of color 

filters on the pixel array 

of a digital image sensor 

RGB sub-pixels in 

an LCD TV 



Example of U-V color plane, Y' 

value = 0.5, represented within 

RGB color gamut 

Colour Space 

YCbCr (YUV) 







Digital Coding Video For 

Television 

NTSC PAL 





4Kx2K 

(4096x2160) 



Video Quality Measurement 

ITU-R 500 

Subjective Quality Measurement 



Objective Quality Measurement 

• MSE：Mean Squared Error between original 

and impaired image 

• n: number of bits per image sample 



Original PSNR 45.53dB 

PSNR 36.81dB PSNR 31.45dB 



Video coding concepts 



Gbps Mbps/Kbps Gbps 







Temporal Prediction: Inter Prediction 





Block Based Motion Estimation and 

Compensation 



Motion Estimation 



Motion Compensation and Block Size 



Sub-Pixel Motion Compensation 







Motion Vector  



Spatial Prediction: Intra Prediction 





Transform Coding 

Discrete Cosine Transform (DCT)  

DCT: 

IDCT: 











Wavelet 





Quantization 





Reordering 



Run-Level 
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Entropy Coder 

Variable Length Coding (VLC)  

  Huffman Coding 



Decoding: 



Code 

Table II 

Sequence 1 Sequence 2 

Encoder 

 

 

 

 

Decoder 

 

 

 

 

Code 

Table 1 

MV 

Mode 

Residual 



 Pre-Calculated Huffman Coding 



 Arithmetic Coding 



0.394 (9b) 





Hybrid DPCM/DCT Video  

CODEC Model 
Differential Pulse Code Modulation (DPCM) 









H.264/AVC 

Overview 



1990 1992 1994 1996 1998 2000 2002 2004 2014

ITU-T

VCEG

ISO/IEC

MPEG

H.261
(1990)

MPEG-1
(1993)

H.262/
MPEG-2
(1994/95)

H.263
(1995/96)

H.263+
(1997/98)

H.263++
(2000)

MPEG-4 v1
(1998/99)

MPEG-4 v2
(1999/00)

MPEG-4 v3
(2001)

2006 2008 2010 2012

H.264
HP

(2005) H.265/
HEVC

(2013?)
H.264
SVC
MVC

(2007/09)

H.264/
MPEG-4 
AVC

(2003)

模拟电视 数字电视

720*576

PAL、NTSC
SD、HD

1280x720
1920x1080

Super Hi-vision
4Kx2K
8Kx4K

电视
信号

电视
分辨率





Working Flow 















Profiles and Levels 









Syntax 





Performance 



Frame, Field & Picture 





Decoding 

Order 







Syntax 

Overview 



Parameter Sets 

SPS 
(Sequence~) 



PPS (Picture ~) 





Slice Layer 

  Slice Header + Slice Data 





Macro-Block(MB) Layer 

   



H.264/AVC 

Prediction 



Macro-Block Prediction   



Intra Prediction   







Inter 

Prediction 

     









Sub-MB Partition  



Motion Vector  





Prediction Structures 





Loop Filter 





H.264/AVC 

Transform & Coding 





Luma Intra 16x16 



Luma Intra 4x4/8x8 



Chroma Intra  



Integer DCT transformation 





Where, 



Integer IDCT transformation 



Quantization 



4×4 Quantization and Scaling 

 in H.264/AVC 
 H.264 assumes a scalar quantization 

 

 
( / )ij ijZ round Y Qstep

Yij : Coefficient after integer DCT 

Qstep : Quantization step 

Zij : Quantized coefficient 

Wij: unscaled coeffients  

PF: Post-scaling Factor, which is depending on the position (i,j) 



• The forward quantizaion formula: 
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Multiplication factor MF 

0,0 0,1 0,2 0,3 

1,0 1,1 1,2 1,3 

2,0 2,1 2,2 2,3 

3,0 3,1 3,2 3,3 

For Example: QP =4, (i,j) = (0,0)    

                      (PF = 0.25, Qstep = 1, PF/Qstep = 0.25) 

 



Scan Order 



Coding 



Exp-Golomb Coding 



CAVLC 
(Context Adaptive Variable Length Coding) 



CABAC 
(Context Adaptive Binary Arithmetic Coding) 



Video Codec  

VLSI Design  



Project 



Video Encoder Analysis Report 

 

a) JM (Joint-Model) 

b) x264 

 
 


