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Digital video basics



Macroblock



1. H.264 video coding



Scope of H.264
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Prediction overview
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Reconstruction



H.264 syntax



H.264 profiles



H.264 profiles



H.264 profiles



Review



2. Coding and performance



Performance criteria

Quality

Bit rate
Complexity



Rate-distortion
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Computational complexity

Quality
(PSNR)
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Reducing complexity

Increasing complexity



H.264 coding tools

Prediction and Reconstruction

Transform and Quantization

Entropy Coding

Intra prediction
-4x4 blocks
-8x8 blocks
-16x16 blocks

Inter prediction
-Multiple block sizes
-Multiple reference frames
-Biprediction
-Weighted prediction
-Frame/field coding

Loop filter

Integer transforms
-DCT based
-Hadamard

Scaling and quantization

Syntax calculations

Exp-Golomb

 

coding

CAVLC CABAC

Mode Selection
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Inter prediction: Partitions



Inter prediction: sub-pixel prediction (1)

(a) 4x4 block in current frame (b) Reference block: vector (1, -1) (c) Reference block: vector (0.75, -0.5)



Inter prediction: sub-pixel prediction (2)

Integer samples Half-pixel interpolated Quarter-pixel interpolated



Inter prediction: Reference pictures



Inter prediction: P slice prediction



Inter prediction: B slice prediction



Rate Distortion Optimized Mode Selection

Macroblock

Coding mode 1

Coding mode 2

Coding mode 3

Coding mode N

D1, R1

D2, R2

D3, R3

DN, RN

Choose mode that 
minimizes J=f(D,R)

Lagrangian

 

cost function: J = Distortion + �ORate



H.264 coding tools : computational costs

Motion 
Estimation

Mode Decision

Variable Length 
Coding

Other

Transform/ 
Quantization

CAUTION: VARIES HUGELY 
WITH IMPLEMENTATION + 
PLATFORM



Coding tools: performance comparison
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configuration:
8x8 minimum MC block size
CAVLC
1 reference frame
IPPPPP…

 

coding
No RDOpt
Loop filter enabled.



H.264 licensing (1): The Scene

Issued US patents including terms "video coding" or "video compression"
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H.264 licensing (2): MPEG-LA
Apple Inc. 
DAEWOO Electronics Corporation 
ETRI 
France Télécom 
Fraunhofer Institute 
Fujitsu Limited 
Hitachi, Ltd. 
Koninklijke Philips Electronics N.V. 
LG Electronics Inc. 
Microsoft Corporation 
Mitsubishi Electric Corporation 
NTT DOCOMO, INC. 
NTT Corp.
Panasonic Corporation 
Robert Bosch GmbH** 
Samsung Electronics Co., Ltd. 
Scientific-Atlanta 
Sedna Patent Services, LLC 
Sharp Corporation 
Siemens AG 
Sony Corporation 
Trustees of Columbia University 
Toshiba Corporation 
Victor Company of Japan, Ltd.

Encoder manufacturers
Decoder manufacturers
Subscription services
Pay-per-view services
Free TV broadcast
Free Internet broadcast

MPEG-LA RoyaltiesLicense
fees

Encoder/decoder: per-uni t above 100K units/year

Subscription: per subscriber above 100K subscribers/year

Pay-per-view: per title (longer than 12 minutes)

Free TV: per encoder OR annu al fee above 100K households

Free Internet: no royalty (till 2010)



H.264 licensing (3): Open Issues?

• Who decides essentiality ?
• Are there any other essential patents out there ?

– Qualcomm vs. Broadcom
– MPEG-LA vs. Alcatel-Lucent
– ….



3. Case study: H.264 mode selection



Mode selection overview

MB

Multiple 
predictions

Reference picture list

Inter 

Modes

Intra

Modes

16x16 8x16 16x8 8x8

16x16 4x4

Choose mode with
Minimum RD cost



Mode selection processes
Start

Evaluate cost 
function

(Rate, Distortion)

At each
motion
search 
point

For each
inter block
size

For each
reference
frame

Evaluate cost 
function

(Rate, Distortion)

For each
Intra mode

Choose mode with minimum cost



Fast mode selection approaches
Start

Evaluate cost 
function

(Rate, Distortion)

At each
motion
search 
point

For each
inter block
size

For each
reference
frame

Evaluate cost 
function

(Rate, Distortion)

For each
Intra mode

Choose mode with minimum cost

Approximate
cost function

Approximate
cost function

Reduce set
of modes

Reduce set
of frames

Reduce set
of modes

Reduce search
points

+ Early
Termination



Fast cost function evaluation: Distortion

Encode and 
reconstruct

B B’

Sum of Squared 
Differences

B

Bpred

Sum of Absolute 
Differences

Hadamard
Transform

SSD

SATD

B

Bpred

Sub-sample

Sub-sample

SAD etc.

SAD

J = D + �OR



Fast cost function evaluation: Rate

Rmb

 

= R type

 

+R predictors

 

+R coefficients

Rcoeff

 

�§

 

f{sum(non-zero 
coefficients)}
Rcoeff
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“

 

“

 

+ weighting factor
Rcoeff

 

�§

 

0 

Predict cases where R mb

 

= 0 (i.e. Skip mode)

J = D + �OR



Fast cost function evaluation: J

Jcurrent

J = D + �OR

A B

C

D

Current frame

Previous frame



Fast Intra mode decision: block size estimation

Homogeneous 
texture

Variable texture

Best mode
likely to be
16x16

Best mode
likely to be
4x4

Current
macroblock



Fast Intra mode decision: candidate mode 
estimation

Detect strongest edge direction(s)
Evaluate mode(s) aro und this direction

• Sobel

 

edge detectors

• Sub-sample then edge detect

• Transform then use coefficients to 
estimate edge directions.



Fast Inter mode

• General approach:
• Select macroblock feature(s) and compare with fixed or adaptive 

threshold(s), then:
– Make immediate mode decision, or
– Reduce set of candidate modes, or
– Decide on order in which to evaluate modes.



Early skip prediction

MC block size is 16x16 �;
MC reference is previous frame �;
Zero MVD �;
All transform coefficients are zero. �;

Skip cost �|

 

Dskip

 

= �™(current -

 

previous) 2 Code cost �§
• Fixed value (threshold)
• Previous MB cost
• Fn(Previous

 

MB cost)P(Jd)

P(Jd|skip)

Jd � Jskip �� ˆ J code

P(Jd|code)

Skip MB



Inter mode prediction: Hierarchical

Search a large 
block size

Jlarge

 

< J small

 

?

Search set of 
smaller block 

sizes

Repeat for yet-
smaller blocks

Terminate

Jlarge

Jsmall

N

Y



Inter mode prediction: Mode grouping

……

Feature analysis

Fast cost function evaluation and/or eliminate certain groups



Performance measures: Caveat Developer

Distortion

Bit rateComplexity

Original

New

BDPSNR
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PSNR

Original
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• Operation count
• Time savings
• Speed-up
• …….



Summary (mode selection)



Summary (workshop)



Useful references

• http://www.rgu.ac.uk/eng/cvc/
– Publications on fast mode selection

• http://www.vcodex.com/
– Tutorials and resources

• http://ftp3.itu.ch/av-arch/jvt-site/2007_06_Geneva/JVT-X101.zip
– ISO/IEC MPEG and ITU-T VCEG Joint Video Team document JVT-X101, 

"Text Description of Joint Model Reference Encoding Methods and Decoding 
Concealment Methods", Geneva, June 2007.

• http://www.elecard.com/
– StreamEye stream analyzer

………


