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INTRODUCTION TO VIDEO INTRODUCTION TO VIDEO 
COMPRESSIONCOMPRESSION



The The needneed forfor compressioncompression --
ImageImage --

�� DigitalDigital colourcolour imageimage: : 
352x288 pixel352x288 pixel

�� RGB representation: 24 RGB representation: 24 bppbpp
(8bits (8bits forfor redred,green,blue),green,blue)

�� Total Total amountamount of of bytesbytes:              :              
> 300K> 300K

�� JPEG: common JPEG: common imageimage
compressioncompression standard,                standard,                
< 20K, < 20K, similarsimilar qualityquality

Original Image
Size: 300k      

Compressed
Image
Size: 20k  
PSNR: >  30dB  



The The needneed forfor compressioncompression --
Video Video --

�� Video Video signalsignal::sequencesequence of of framesframes ((imagesimages) ) 
relatedrelated amongamong temporaltemporal dimensiondimension

�� TV video TV video qualityquality: 704x576 : 704x576 pixelspixels per per 
frameframe, 12 , 12 bppbpp, 25 , 25 framesframes per per secondsecond
> 121 > 121 MbpsMbps

�� Too much data for video Too much data for video transmissiontransmission or or 
storagestorage

�� IncreasingIncreasing importanceimportance of multimedia of multimedia 
communicationcommunication::
NEED FOR COMPRESSION & NEED FOR COMPRESSION & 
GOOD PERCEPTUAL QUALITYGOOD PERCEPTUAL QUALITY t

frame

NEED FOR VIDEO 
CODING STANDARD



EntropyEntropy codingcoding -- II

�� MapMap symbolssymbols toto bit: bit: assignassign short code short code toto more more 
frequentlyfrequently occurringoccurring symbolssymbols

�� LosslessLossless compressioncompression
�� HuffmanHuffman: : optimaloptimal forfor discrete discrete sourcessources withwith knownknown

statistics.Onestatistics.One code code forfor eacheach symbol.symbol.
�� ExpExp--GolombGolomb: : belongbelong toto the class of the class of HuffmanHuffman codescodes

((variablevariable lengthlength codescodes withwith a regular a regular constructionconstruction) ) 
�� RunRun--LenghtLenght: : reduces the length of a repeating reduces the length of a repeating 

character sequence. A long sequence of the same character sequence. A long sequence of the same 
character is replaced by two symbols (character and character is replaced by two symbols (character and 
counter)counter)



EntropyEntropy codingcoding -- IIII
�� ArithmeticArithmetic: : assignassign toto eacheach sybolsybol anan intervalinterval in the in the 

ragerage (0,1) (0,1) withwith amplitudeamplitude proportionalproportional toto hishis
cumulative cumulative probabilityprobability. A . A uniqueunique code code forfor the the 
wholewhole sequencesequence of of symbolssymbols isis generatedgenerated. . 
AchieveAchieve betterbetter performance (< 1 bit/symbol). performance (< 1 bit/symbol). 
More More sensiblesensible toto bit errorbit error

�� Context based Context based encodersencoders: a : a contextcontext model model isis a a 
probabilityprobability model model assignedassigned toto eacheach symbol symbol toto
code. code. MayMay bebe chosenchosen fromfrom a a selectionselection of of 
availableavailable modelsmodels dependingdepending on the on the statisticsstatistics of of 
the the recentlyrecently codedcoded symbolssymbols



Video color space Video color space -- II

�� HumanHuman visual system visual system perceivesperceives scene scene contentcontent in in termterm of of 
brightnessbrightness and color and color informationinformation

�� WeWe are more sensitive are more sensitive toto the the detaildetail of of brightnessbrightness thanthan colourcolour
�� H264/AVC (as previous standards) use H264/AVC (as previous standards) use Y CY Cb b CCr    r    color spacecolor space
�� Y  Y  called luminancecalled luminance ((lumaluma) represents brightness (black and ) represents brightness (black and 

white signal)white signal)
�� CCb b CCrr called chrominancecalled chrominance ((chromachroma) components represent ) components represent 

color difference color difference signalssignals
�� LuminanceLuminance--chrominancechrominance formationformation fromfrom RGB RGB componentscomponents::

Y=0Y=0.299R.299R +0+0.587G.587G + 0.11B+ 0.11B
CCbb = B = B –– YY
CCrr = R = R –– YY



Video color space Video color space -- IIII

�� LuminanceLuminance--chrominancechrominance formationformation fromfrom RGB RGB 
componentscomponents::

Y=0Y=0.299R.299R +0+0.587G.587G + 0.11B+ 0.11B
CCbb = B = B –– YY
CCrr = R = R –– YY



Video color space Video color space -- IIII

�� BecauseBecause humanhuman visual system visual system isis more sensitive more sensitive toto
lumaluma thanthan chromachroma, , in H264/AVC  in H264/AVC  CCbb, , CCrr componentscomponents
are are subsampledsubsampled and and havehave ¼¼ of the  of the  numbernumber of of 
samplessamples thanthan the the YY componentcomponent 4:2:0 4:2:0 samplingsampling
R

G
B

Y
U

V



Video Video formatsformats

Qcif: Mobile video 
communication

Cif: Videoconference

CCIR: Standard 
Definition TV

ATSC: High 
Definition TV



Basic of video Basic of video codingcoding -- II

�� Reduce Reduce redundancyredundancy and and irrelevancyirrelevancy
�� Sources of redundancy:Sources of redundancy:

–– temporal: adjacent frames highly temporal: adjacent frames highly correlatedcorrelated
–– spatialspatial: : nearbynearby pixelspixels oftenoften correlatedcorrelated ((asas in in stillstill

imagesimages))
�� IrrelevancyIrrelevancy::

–– Perceptually Perceptually unimportanunimportan informationinformation



Basic of video Basic of video codingcoding -- IIII

�� Spatial redundancy reduction (compression)Spatial redundancy reduction (compression)
–– transform coding, spatial predictive coding transform coding, spatial predictive coding 

�� Temporal redundancy reduction (compression)Temporal redundancy reduction (compression)
–– motion compensationmotion compensation//estimation estimation (MC/ME)(MC/ME)
–– temporal predictive codingtemporal predictive coding

�� Entropy codingEntropy coding
–– from symbols to bitsfrom symbols to bits

�� BitstreamBitstream syntaxsyntax
–– specific specific vocabularvocabular



Basic of video Basic of video codingcoding -- IIIIII

�� ToTo encodeencode a a frameframe eacheach operationoperation isis performedperformed at at 
macroblockmacroblock ((MBMB) ) levellevel ((nnxxnn block of  pixel)block of  pixel)

�� Intra coded frame (I): every MB of the frame is coded Intra coded frame (I): every MB of the frame is coded 
using spatial redundancyusing spatial redundancy

�� Inter coded frame (P): most of the MBs of the frame are Inter coded frame (P): most of the MBs of the frame are 
coded exploiting temporal coded exploiting temporal redundancyredundancy (in the (in the pastpast))

�� BiBi--predictivepredictive frameframe (B): (B): mostmost of the of the MBsMBs of the of the frameframe
are are codedcoded exploitingexploiting temporaltemporal redundancyredundancy in the in the pastpast
and in the future.and in the future.

�� GroupGroup of Picture (GOP): of Picture (GOP): sequencesequence of of picturespictures betweenbetween
twotwo II--framesframes..



EncodingEncoding intraintra framesframes -- II

�� Spatial redundancy Spatial redundancy toto bebe exploitedexploited
�� IntraIntra prediction: use Discrete Cosine Transform prediction: use Discrete Cosine Transform 

(DCT) to remove spatial pixel correlation(DCT) to remove spatial pixel correlation
�� DCT is applied to a DCT is applied to a nnxxnn block: a block of block: a block of 

coefficients coefficients withwith the the samesame sizesize isis generatedgenerated
�� IntraIntra frameframe are are codedcoded likelike a JPEG a JPEG imageimage
�� First First frameframe of the of the sequencesequence isis alwaysalways codedcoded

intraintra



EncodingEncoding intraintra framesframes
DCT  DCT  

�� TransformTransform a block of a block of nnxxnn pixelspixels intointo a block of a block of nnxxnn spatialspatial frequencyfrequency
coefficientscoefficients

�� EnergyEnergy tendstends toto bebe concentratedconcentrated intointo a few a few significantsignificant coefficientscoefficients
�� OtherOther coefficientscoefficients are are closeclose toto zero and zero and notnot significative significative 



EncodingEncoding intraintra framesframes -- IIII

�� Weighted scalar Weighted scalar 
quantization: loss of quantization: loss of 
precision, few nonprecision, few non--zero zero 
coefficients are leftcoefficients are left

�� ZigZig--zagzag scan: scan: nonnon--zerozero
coefficientscoefficients tendtend toto bebe
groupedgrouped togethertogether

�� RunRun--Level encoding: encode Level encoding: encode 
each coefficient value each coefficient value asas a a 
((runrun,,levellevel) ) pairpair
-- runrun: : numbernumber of of zeroszeros

precedingpreceding valuesvalues
-- lenght: nonlenght: non--zero zero valuevalue

Example:
Original data 14,3,4,0,0,-3,0,0,0,0,0,14,…
(Run,level) (0,14)(0,3)(0,4)(2,-3)(5,14)...



EncodingEncoding intraintra framesframes –– IIIIII
Entropy CodingEntropy Coding

�� EntropyEntropy codingcoding of Rof R--L L symbolssymbols: : mapmap symbolssymbols toto
bit bit assigningassigning assignassign short code short code toto more more 
frequentlyfrequently occurringoccurring symbolssymbols



EncodingEncoding interinter framesframes -- II

�� MainMain idea: idea: predictpredict currentcurrent frameframe usingusing previouslypreviously
codedcoded one (one (referencereference frameframe) ) 

�� For each MB motion information is extracted from For each MB motion information is extracted from 
current and reference frame       current and reference frame       Motion Estimation Motion Estimation 
(ME) (ME) 

�� Temporal predicted frame is obtained from reference Temporal predicted frame is obtained from reference 
frame using motion information estimated      frame using motion information estimated      Motion Motion 
Compensation (MC)Compensation (MC)

�� The residual (originalThe residual (original--MC) and motion information are MC) and motion information are 
coded coded usingusing transformtransform codingcoding likelike forfor intraintra frameframe

�� The prediction can be improved using The prediction can be improved using forfor predictionprediction
eveneven frames in the future frames in the future (bi(bi--directional prediction)directional prediction)



EncodingEncoding interinter framesframes –– II II 
Motion EstimationMotion Estimation

�� Find the MB in the reference frame which is the most Find the MB in the reference frame which is the most 
similar to the current MBsimilar to the current MB

�� Error metric: MSE o SAD (Error metric: MSE o SAD (Sum of Sum of AbslouteAbsloute DifferencesDifferences))

Reference frame Current frame Current MB

Search 
window



EncodingEncoding interinter framesframes –– III III 
Motion EstimationMotion Estimation

�� Assuming a simplified Assuming a simplified 
translational model, motion translational model, motion 
information is described with   information is described with   
2 parameters for each block 2 parameters for each block 
((motion vectormotion vector))

�� MotionMotion vectorvector:: relative relative 
horizontalhorizontal and and verticalvertical
offsetsoffsets (mv(mv11, mv, mv22)) of a of a givengiven
macroblock macroblock fromfrom one one frameframe
toto anotheranother

�� MotionMotion vectorvector fieldfield:: collectioncollection
of of motionmotion vectorsvectors forfor allall the the 
macroblocksmacroblocks in a in a frameframe



EncodingEncoding interinter framesframes –– IV IV 
Motion CompensationMotion Compensation

�� Adding estimated motion information to the reference Adding estimated motion information to the reference 
frame a frame a motion compensatedmotion compensated predicted frame is obtainedpredicted frame is obtained

�� The The DisplacedDisplaced FrameFrame DifferencesDifferences ( ( DFD = [DFD = [original original –– MC] MC] ) is ) is 
calculated and encoded like for intra framescalculated and encoded like for intra frames

Original Frame(N) Frame(N)-Frame(N-1) DFD



GeneralGeneral video video encodingencoding schemescheme



GeneralGeneral video video decodingdecoding schemescheme



Video Video compressioncompression standardsstandards–– II

�� BasedBased on the on the samesame building building blocksblocks (ME/MC, DCT, ecc. )(ME/MC, DCT, ecc. )
�� Additional tools added for different Additional tools added for different applicationsapplications ((improvedimproved

compressioncompression, error , error resilienceresilience, , scalabilityscalability……))
�� The The standardsstandards specifyspecify the the bitbit--streamstream syntaxsyntax and the and the decodingdecoding

processprocess ((e.ge.g.: .: useuse IDCT IDCT butbut NOT NOT howhow toto implementimplement IDCT)IDCT)
�� ITUITU--TT: : InternationalInternational TelecomTelecom. Union (. Union (TelecomTelecom. . standardizationstandardization). ). 

““...development.development of of standardsstandards thatthat benefit benefit telecommunicationtelecommunication
usersusers worldwideworldwide…… ””

�� MPEGMPEG: : MovingMoving Picture Picture ExpertsExperts GroupGroup. Working . Working groupgroup of of 
ISO/IEC in ISO/IEC in chargecharge of the of the developmentdevelopment of of standardsstandards forfor codedcoded
representationrepresentation of of digitaldigital audio and video.  audio and video.  

�� The The evolutionevolution of the video of the video codingcoding standard standard isis the the naturalnatural answeranswer
toto the the growinggrowing demanddemand forfor videovideo--basedbased servicesservices requiringrequiring
increasinglyincreasingly higherhigher codingcoding efficiencyefficiency



Video Video compressioncompression standardsstandards–– IIII

1988 1990 1992 1994 1996 1998 2000 2002 2004



MPEGMPEG--11

�� Medium quality and medium bit rate video Medium quality and medium bit rate video 
and audio compressionand audio compression
�� Video on Video on digitaldigital storagestorage mediamedia
�� Target bitTarget bit--rate = 1.5 Mbit/s (CDrate = 1.5 Mbit/s (CD--ROM ROM 

storage, ~70 min of video on a CD support)storage, ~70 min of video on a CD support)
�� CIF and CCIR 601 video formatCIF and CCIR 601 video format
�� Is the engine of all the following standards Is the engine of all the following standards 

MPEGMPEG--1,2,41,2,4



MPEG MPEG –– 22
�� Specification for broadcast TVSpecification for broadcast TV
�� Target bit rate: larger than 1.5 Mb/s, up to 35 Mb/sTarget bit rate: larger than 1.5 Mb/s, up to 35 Mb/s
�� Extension of MPEGExtension of MPEG--1: higher quality, higher rate1: higher quality, higher rate
�� Supports interlaced TV systemsSupports interlaced TV systems
�� Includes high quality audioIncludes high quality audio
�� Allows variable bit rateAllows variable bit rate
�� Usual figures: 4Usual figures: 4--8 8 Mbit/sMbit/s
�� ApplicationsApplications::

-- digital TV / HDTVdigital TV / HDTV
-- Terrestrial/Satelite broadcastingTerrestrial/Satelite broadcasting
-- Video Video editingediting and and storagestorage



OthersOthers StandardsStandards

�� HH.2.261 (ITU61 (ITU--T): ISDN T): ISDN videovideo--phonephone and  video and  video 
conferencingconferencing at at lowlow bit rate and medium bit rate and medium qualityquality (64 (64 
kbkb/s up /s up toto 2Mb/s, p2Mb/s, pxx64 64 kbkb/s 1<p<30/s 1<p<30). ). HybridHybrid DCT/DPCM DCT/DPCM 
codingcoding algorithmalgorithm withwith motionmotion compensationcompensation. . 

�� H.263 (ITUH.263 (ITU--T): very low bitT): very low bit--rate video coding (8 Kbit/s rate video coding (8 Kbit/s 
up to 1.5 up to 1.5 Mbit/sMbit/s). Video telephony over PSTN. ). Video telephony over PSTN. 
Extension of H.261. After Extension of H.261. After finalisingfinalising the standard (1995), the standard (1995), 
ITUITU--T started to work on 2 further projects:T started to work on 2 further projects:
-- short term short term effort: add extra featureseffort: add extra features
-- long term long term effort: new standard H.26L with better       effort: new standard H.26L with better       

video compression efficiencyvideo compression efficiency



MPEG 4MPEG 4

�� Second generation video coding technique: Second generation video coding technique: 
object based video codingobject based video coding

�� High coding efficiency, very low bit rate (core High coding efficiency, very low bit rate (core 
coder)coder)

�� Robustness in errorRobustness in error--prone environments (core prone environments (core 
coder)coder)

�� Content based interactivity (enables manipulation Content based interactivity (enables manipulation 
and editing, high interaction with scene and editing, high interaction with scene 
content...extended core coder)content...extended core coder)

�� CompatibleCompatible withwith HH.2.263, 63, prettypretty closeclose toto MPEGMPEG--22



HH.2.264/MPEG4 AVC64/MPEG4 AVC



HH.2.264 64 introductionintroduction -- II

�� SignificantSignificant improvementimprovement over over allall previousprevious video video 
standard (2x standard (2x compressioncompression, , substantialsubstantial perceptualperceptual
qualityquality))

�� JointlyJointly developed developed byby ITUITU--T (HT (H.2.264) and ISO/IEC 64) and ISO/IEC 
(MPEG4). (MPEG4). ApprovedApproved in 2003in 2003

ITU-T H.264 
(from H26L draft)

ISO-IEC MPEG-4 AVC
(Advanced Video Coding)

JVT                  
(Joint Video Team)

-AVC (Official)

-H.264 (or H26L)

-MPEG 4 Part 10



H264 H264 introductionintroduction -- IIII

�� ItIt willwill addressaddress the full the full rangerange of video of video applicationsapplications::
-- low bitlow bit--rate wireless applicationsrate wireless applications
-- Standard definition/High definition broadcast television Standard definition/High definition broadcast television 
-- Video streaming over internetVideo streaming over internet
-- High definition DVD contentHigh definition DVD content
-- Digital cinema applicationDigital cinema application
�� Represents the single largest improvement in coding Represents the single largest improvement in coding 

efficiency and efficiency and qualityquality sincesince the the introductionintroduction of  of  
MPEGMPEG--22

�� HH.2.264 64 isis espectedespected toto displacedisplace MPEGMPEG--2/4 in 2/4 in manymany
existingexisting applicationapplication

�� MuchMuch higherhigher complexitycomplexity thanthan previousprevious standardsstandards (5/6 (5/6 
timestimes more more complexcomplex thanthan MPEGMPEG--2)2)



HH.2.264 64 introductionintroduction -- IIIIII
Comparison of video coders (QCIF, 30 fps, 100 kbit/s)

Original H.263 baseline (33 dB) H.263+ (33.5 dB)

MPEG-4 core (33.5 dB) H.264 (42 dB)



HH.2.264 64 introductionintroduction -- IVIV

Video Coding Layer

Data Partitioning

Network  Abstraction Layer

(H.320, MP4FF,H.323/IP,MPEG2…)

C
on

tro
l D

at
a

Coded Macroblock

Coded Slice/Partition

Designed to
efficiently represent
the video content

Formats the VCL 
and provides

header information
for a variety of 

transport layers or 
storage media



Network Network AbstractionAbstraction LayerLayer

�� MapMap HH.2.264/AVC VCL data 64/AVC VCL data toto a a broadbroad varietyvariety of of transporttransport layerslayers
(RTP/IP (RTP/IP forfor realreal time time wirewire--lineline//wirelesswireless internet internet servicesservices, file , file formatsformats
ecc.)ecc.)

�� NAL NAL unitsunits: : packetspackets thatthat containscontains anan integerinteger numbernumber of of bytesbytes
�� NAL NAL unitsunits are are classifiedclassified asas VCL and VCL and nonnon--VCLVCL::

-- VCL NALs contain data representing the VCL NALs contain data representing the valuesvalues of       of       
the samples in the video picturesthe samples in the video pictures

-- Non VCL NALs contain additional information     Non VCL NALs contain additional information     
(header or enhancement  information)   (header or enhancement  information)   

�� Acces unitAcces unit: set of NAL units corrisponding to one decoded : set of NAL units corrisponding to one decoded picturepicture
�� IDRIDR: instantaneous decoding refresh access unit; contains an intra : instantaneous decoding refresh access unit; contains an intra 

picturepicture. . WonWon’’t t bebe a a picturepicture in the in the streamstream thatthat willwill requirerequire a a referencereference toto
anyany previousprevious picturepicture in the NAL in the NAL unitunit streamstream. . 



HH.2.264 64 technicaltechnical overviewoverview -- II

Estimation Transform Quantization Entropy
Coding

Loop Filter Inverse 
Transform

Inverse 
Quantization

Uncompressed
Video

-

Compressed
Video

Difference between
incoming video and 
estimated video

Intra/Inter
estimation



HH.2.264 64 technicaltechnical overviewoverview -- IIII

�� A A codedcoded picturepicture can can representrepresent
anan entireentire frameframe or a single or a single fieldfield

�� A A fieldfield containscontains halfhalf of the of the lineslines
of a of a codedcoded frameframe
-- top fieldtop field=>even numbered   =>even numbered   
rowsrows

-- bottom  fieldbottom  field=>odd   =>odd   
numbered rows)numbered rows)

�� Interlaced framesInterlaced frames: the 2 fields of : the 2 fields of 
the frame are captured at the frame are captured at 
diffente time instantsdiffente time instants

�� Progressive frameProgressive frame: 2 fields : 2 fields 
captured at the captured at the samesame timetime



MacroblocksMacroblocks and and slicesslices
�� A A picturepicture toto code code isis partitionedpartitioned intointo fixedfixed--sizesize area of 16x16 area of 16x16 pixelspixels

((macroblocksmacroblocks, MB), MB)
�� MB is the basic coding elementMB is the basic coding element
�� MBs are grouped into sliceMBs are grouped into slice
�� A slice is defined as selfA slice is defined as self--contained: can be decoded without using contained: can be decoded without using 

data from other data from other slicesslices (i.e. no (i.e. no intraintra predictionprediction betweenbetween sliceslice
boundariesboundaries))

�� SliceSlice sizesize isis veryvery flexibleflexible in Hin H.2.26464

Qcif frame: 

-176x144

-11x9 MB



IntraIntra--frameframe predictionprediction -- II

�� UsedUsed forfor IDR/IDR/intraintra frameframe or or whenwhen motionmotion estimationestimation
cannotcannot bebe exploitedexploited

�� Attempts to predict the current block considering Attempts to predict the current block considering 
adjacent blocks in a defined set of different adjacent blocks in a defined set of different 
directionsdirections

�� To improve prediction in parts of the picture with To improve prediction in parts of the picture with 
many details, MB can be broken down into smaller many details, MB can be broken down into smaller 
blockblock

�� The difference between the predicted and the The difference between the predicted and the 
original block is then coded: approach useful for original block is then coded: approach useful for 
situations situations wherewhere spatialspatial redundancyredundancy existsexists
((flatflat background)background)



IntraIntra--frameframe predictionprediction -- IIII

�� IntraIntra codingcoding typestypes::
-- Intra_4x4 => Intra_4x4 => detaileddetailed areasareas
-- Intra_16x16 => smooth Intra_16x16 => smooth areasareas
-- IPCM => sampled are directly send     IPCM => sampled are directly send     
(no prediction/no transform). Useful (no prediction/no transform). Useful forfor
anomalous picture contentanomalous picture content

�� Intra coding modes (many!!): how samples of the Intra coding modes (many!!): how samples of the 
currentcurrent block are block are predictedpredicted
-- 9 modes for Intra_4x4 9 modes for Intra_4x4 typestypes
-- 4 4 modesmodes forfor Intra_16x16 Intra_16x16 typestypes



IntraIntra frameframe predictionprediction
PredictionPrediction modesmodes (Intra_4x4)(Intra_4x4)

Mode 0 
Vertical

Mode 2       
DC 

Mode 1 
Horizontal

Mode 4           
Diagonal Down/Right



InterInter frameframe predictionprediction -- II

�� Block Block sizesize and and shapeshape variablevariable and and flexibleflexible toto improveimprove codingcoding
efficiencyefficiency (16x16,16x8,..,8x8,4x8,...,(16x16,16x8,..,8x8,4x8,...,minimunminimun sizesize 4x4)4x4)

�� mv mv components are differentially coded using median or components are differentially coded using median or 
directional prediction from neighbouring blocks (like for directional prediction from neighbouring blocks (like for intraintra
codingcoding) ) 

�� A maximum of 16 A maximum of 16 motionmotion vectorsvectors can be transmitted for each can be transmitted for each 
MB (MB (greater precisiongreater precision in motion vectors and strong motion in motion vectors and strong motion 
isolationisolation))

�� A A interinter MB can MB can alsoalso bebe codedcoded in a in a skippedskipped. . No No informationinformation
((predictionprediction error/error/mvmv) ) isis transmitted.Thetransmitted.The reconstructedreconstructed sampledsampled
are just are just copiedcopied fromfrom the the referencereference frameframe in the in the samesame position position 
((asas ifif itit werewere mv=mv=(0,0) (0,0) ). ). UsefulUseful forfor codingcoding largelarge areasareas withwith
constantconstant motionmotion



InterInter frameframe predictionprediction –– IIII
Half/Quarter pixel MEHalf/Quarter pixel ME

�� ToTo estimate subestimate sub--pixel pixel motionmotion (in case the (in case the mvmv pointspoints a non a non 
integerinteger samplesample position) position) halfhalf//quarterquarter samplesample motionmotion
estimationestimation isis enabledenabled

�� HalfHalf samplesample position are position are obtainedobtained byby interpolationinterpolation usingusing a 6a 6--
tap FIR tap FIR filterfilter horizontallyhorizontally and and verticallyvertically

�� QuarterQuarter samplesample position are position are generatedgenerated byby averagingaveraging
samplessamples at at integerinteger and and halfhalf positionposition

�� Using Using fullfull//halfhalf//oneone--quarter quarter represents a great represents a great 
improvement compared to earlier improvement compared to earlier standardsstandards::

More accurate More accurate motionmotion rappresentationrappresentation



InterInter frameframe predictionprediction –– IIIIII
Multiple Reference FramesMultiple Reference Frames

�� The The encoderencoder can can selectselect forfor motionmotion compensationcompensation
amongamong a a largerlarger numbernumber of of picturespictures previoslypreviosly decodeddecoded
and and storedstored

�� UsefulUseful whenwhen dealingdealing withwith motionmotion thatthat isis periodicperiodic or in or in 
presencepresence of camera of camera switchingswitching betweenbetween 2 2 scenesscenes



B B slicesslices –– II
�� AsAs in in previousprevious standardsstandards itit isis possiblepossible toto temporallytemporally predictpredict

MBsMBs fromfrom bothboth previousprevious and futand futuure re codedcoded framesframes

Previous
frame

Current frame
(B- frame)

Future frame



B B slicesslices -- IIII

�� In H264/AVC the In H264/AVC the conceptconcept of B of B slicesslices isis generalizedgeneralized
�� B B slicesslices usesuses twotwo listslists of of referencereference framesframes ((pastpast/future)/future)
�� ForFor B B slicesslices predictionprediction can can bebe donedone in the in the pastpast ((listlist00), in ), in 

the future (the future (list1list1) or ) or fromfrom bothboth ((bibi--predictivepredictive: the : the 
predictionprediction isis anan averageaverage of MC of MC predictionprediction signalssignals))

�� B B slicesslices utilizeutilize a a similarsimilar MB MB partitioningpartitioning asas P P slicesslices
(16x16, 16x8, 8x16 (16x16, 16x8, 8x16 ……))

�� Can Can bebe usedused asas referencereference forfor predictionprediction of of otherother
picturespictures



AdaptiveAdaptive frameframe//fieldfield codingcoding

�� WhenWhen dealingdealing withwith interlacedinterlaced framesframes, the , the encoderencoder
can decide can decide toto::
-- combine the 2 fields and code them as a single  coded frame (frcombine the 2 fields and code them as a single  coded frame (frame mode)  ame mode)  

-- code separately the 2 fields (field mode)code separately the 2 fields (field mode)

�� If a frame consists of mixed moving and static If a frame consists of mixed moving and static 
regions is tipically more efficient regions is tipically more efficient toto code non code non movingmoving
regionsregions in in frameframe mode and mode and movingmoving regionsregions in in fieldfield
modemode

�� The The frameframe//fieldfield encodingencoding decisiondecision can can alsoalso bebe mademade
eacheach pairpair of of MBsMBs ( ( MacroblocksMacroblocks adaptiveadaptive frameframe fieldfield, , 
MBAFF )MBAFF )



HH.2.264 64 transformtransform codingcoding

�� AsAs in in previousprevious standardsstandards transformtransform codingcoding of of 
the the predictionprediction residualresidual isis usedused

�� In H.264/AVC In H.264/AVC transformation transformation is applied to is applied to 
4x4 block (instead of 8x8): blocking and 4x4 block (instead of 8x8): blocking and 
ringing artifacts are reducedringing artifacts are reduced

�� An integer DCTAn integer DCT--like transform is used: like transform is used: 
exactexact--match inverse transform (exact match inverse transform (exact 
equality of decoded video from all equality of decoded video from all 
decodersdecoders))

�� SmallerSmaller transformtransform => => lessless computationcomputation



QuantizationQuantization

�� ReducesReduces precisionprecision of of integerinteger coefficientscoefficients and and tendstends toto
eliminate high eliminate high frequencyfrequency coefficientscoefficients

�� A A quantizationquantization parameterparameter ((qpqp) ) isis usedused toto determinedetermine
perceptualperceptual qualityquality (52 (52 valuesvalues))

qp 10 

4.2 Mbps

qp 36

160 Kbps



EntropyEntropy codingcoding -- II

�� BeforeBefore entropyentropy codingcoding can take can take placeplace, , quantizedquantized
coefficientscoefficients are are scannedscanned in zigin zig--zag fashion and zag fashion and 
serializedserialized

�� DifferentsDifferents methodsmethods of of entropyentropy codingcoding are are 
supportedsupported::

-- VLC (VLC (Variable Length CodingVariable Length Coding), Huffman), Huffman--like like 
-- CAVLC (Context Adaptive VLC): for transmitting CAVLC (Context Adaptive VLC): for transmitting transformtransform coefficientscoefficients, , 

anan adaptiveadaptive schemescheme isis employedemployed: VLC : VLC tablestables forfor eacheach syntaxsyntax elementelement
are are switchedswitched dependingdepending on on alreadyalready transmittedtransmitted syntaxsyntax elementelement



EntropyEntropy codingcoding –– IIII
VLCVLC

�� Uses conversion tables:Uses conversion tables:
�� MB_TypeMB_Type => => Code_numberCode_number
�� Coeff_lumaCoeff_luma => => Code_numberCode_number
�� ..........

�� A single A single codewordcodeword tabletable isis usedused
((expexp--GolombGolomb code)code)

�� Used for all syntax  element exept Used for all syntax  element exept 
the quantized the quantized transformtransform
coefficientscoefficients

Code number Codewords
0 1
1 0 1 0
2 0 1 1
3 0 0 1 0 0
.. . . . . .



EntropyEntropy codingcoding -- IIII
�� InsteadInstead of CAVLC of CAVLC entropyentropy codingcoding can can bebe furtherfurther improvedimproved

byby usingusing ContextContext--AdaptiveAdaptive BinaryBinary ArithmeticArithmetic CodingCoding
(CABAC)(CABAC)

�� The The usageusage of of anan arithmeticarithmetic codingcoding allowsallows the the assignmentassignment
of a non of a non integerinteger numbernumber o o bitsbits toto eacheach symbolsymbol

�� Context modeling: the statistics of already coded syntax Context modeling: the statistics of already coded syntax 
element are used to estimate conditional element are used to estimate conditional probabilitiesprobabilities: : 
thesethese are are usedused forfor switchingswitching severalseveral probabilityprobability modelsmodels

�� ComparedCompared toto CAVLC, CABAC CAVLC, CABAC providesprovides a a reductionreduction in bitin bit--
rate rate betweenbetween 55--15%15%



EntropyEntropy codingcoding -- IIII

�� InsteadInstead of CAVLC of CAVLC entropyentropy codingcoding can can bebe furtherfurther
improvedimproved byby usingusing ContextContext--AdaptiveAdaptive BinaryBinary ArithmeticArithmetic
CodingCoding (CABAC)(CABAC)



DeblockingDeblocking filterfilter
�� Block Block artifactartifact isis one of the one of the mainmain disavantageofdisavantageof blockblock--basedbased codingcoding
�� In HIn H.2.264 64 anan adaptiveadaptive deblockingdeblocking filterfilter triestries toto smoothsmooth block block edgesedges
�� The The strengthstrength of the of the filterfilter isis controlledcontrolled byby the the valuevalue of of severalseveral syntaxsyntax

elementelement ((qpqp) ) 

No 

deblock

Deblock



ProfilesProfiles

�� ProfileProfile: : set of set of codingcoding toolstools or or algorithmsalgorithms thatthat
can can bebe usedused in in generatinggenerating a a conformingconforming bit bit 
streamstream
�� AllAll decodersdecoders conformingconforming toto a a specificspecific profileprofile

mustmust supportsupport allall featuresfeatures in in thatthat profileprofile
�� BaselineBaseline, , MainMain, , ExtendedExtended profilesprofiles



Error Error resilienceresilience ToolsTools in in 
HH.2.264/AVC64/AVC



IntroductionIntroduction

�� Data communication across a channel may generate Data communication across a channel may generate 
errors:errors:

-- radio radio transmissiontransmission (AWGN (AWGN noisenoise, fading,  , fading,  interferenceinterference ))
-- network transmission (congestionnetwork transmission (congestion)  )  
�� Error resilience Error resilience means:means:

-- adding adding redundancy to the bitstreamredundancy to the bitstream
-- facilitate  a better error concealment (i.e. recover facilitate  a better error concealment (i.e. recover lostlost partsparts of     of     
the the picturepicture))

�� Apart from better coding efficiency, the standard has Apart from better coding efficiency, the standard has 
given strong emphasis to robustness given strong emphasis to robustness toto data data 
errorserrors//losseslosses

�� HH.2.264/AVC 64/AVC employsemploys variousvarious error error resilienceresilience schemesschemes



ParameterParameter set and data set and data partitioningpartitioning

�� ParameterParameter setset: : keykey or  consecutive or  consecutive codedcoded video video 
picturespictures isis separatedseparated fromfrom codedcoded representationrepresentation of of 
samplessamples. Can . Can bebe treatedtreated betterbetter protectedprotected ((repeatedrepeated, , 
transmittedtransmitted ““out of bandout of band”” ) ) 

�� Data Data partitioningpartitioning(DP)(DP): : enablesenables unequalunequal error error 
protectionprotection accordingaccording toto syntaxsyntax elementelement importanceimportance. A . A 
normalnormal sliceslice can can bebe partitionedpartitioned intointo 3 3 partsparts (A/B/C) (A/B/C) 
eacheach one one encapsulatedencapsulated intointo a separate NAL a separate NAL packetpacket

-- DPDP--A A containscontains headerheader informationinformation more more importantimportant thanthan the the remainingremaining sliceslice
data (MB data (MB typetype, , qpqp, , mvmv ecc.)    ecc.)    

-- DPDP--B B containscontains intraintra codedcoded block pattern (CBP) and block pattern (CBP) and transformtransform coefficientscoefficients of of 
II--blocksblocks

-- DPDP--C C containscontains interinter CBP and CBP and coefficientscoefficients of of P.blocksP.blocks



RedundantRedundant PicturesPictures

�� The The encoderencoder hashas the the abilityability toto sendsend redundantredundant
representationsrepresentations of of regionsregions of of picturespictures

�� ThisThis ((tipicallytipically degradateddegradated) ) representationrepresentation can can 
bebe usedused toto representrepresent regionsregions of of picturespictures forfor
whichwhich the the primaryprimary representationrepresentation hashas beenbeen lostlost
duringduring transmissiontransmission

�� The The easiesteasiest approachapproach isis toto retransmitretransmit the the wholewhole
picturepicture usingusing a a coarsercoarser quantizerquantizer



IntraIntra refreshrefresh policiespolicies -- II

�� ToTo stop error stop error propagationpropagation and and driftdrift due due toto predictivepredictive
codingcoding, , anan intraintra frameframe isis insertedinserted after a after a seriesseries of of 
P/P/BB--codedcoded framesframes. . ThisThis definesdefines the GOP.the GOP.

�� AsAs alternative, alternative, isis possiblepossible toto force the force the intraintra codingcoding
of a of a certaincertain numbersnumbers of MB of MB forfor eacheach frameframe

�� A complete A complete intraintra refreshrefresh isis perfomedperfomed after after n n 
framesframes,, beingbeing 1/1/nn the ratio of the total the ratio of the total numbernumber of of 
MBsMBs forfor eacheach frameframe forcedforced toto bebe intraintra codedcoded

�� PermitsPermits toto avoidavoid peakspeaks of rate due of rate due toto the the intraintra code code 
of a of a wholewhole frameframe

�� ItIt’’s s possiblepossible toto tunetune the the numbernumber of of intraintra MB in MB in 
functionfunction of of channelchannel conditionsconditions



IntraIntra refreshrefresh policiespolicies -- IIII

-Slice level:

-MB level:

Frame # 0 Frame # 1 Frame # n

Frame # 0 Frame # 1 Frame # n
MB forced to be

intra coded

Applicazione



FlexibleFlexible macroblock macroblock orderingordering FMO FMO 

�� Inside a Inside a sliceslice, , MBsMBs are are usuallyusually processedprocessed in in rasterraster scanscan orderorder
�� Spatial and temporal prediction are confined within each sliceSpatial and temporal prediction are confined within each slice
�� Slice groupSlice group: a set of : a set of MBsMBs defined by a MB to slice group map. defined by a MB to slice group map. 

The processing order is defined by the mapThe processing order is defined by the map
�� Each slice group can be partitioned into one or more slicesEach slice group can be partitioned into one or more slices
�� SeveralSeveral mappingmapping functionsfunctions are are defineddefined byby the standard (8 FMO the standard (8 FMO 

typestypes))
�� Using FMO a picture can be split into many MB scanning Using FMO a picture can be split into many MB scanning 

patternspatterns
–– Error robustnessError robustness ☺☺
–– Coding efficiencyCoding efficiency //



FlexibleFlexible macroblock macroblock 
orderingordering

InterleavedInterleaved slicesslices mapmap groupgroup
�� ExampleExample forfor a CIF a CIF frameframe

(22x18 (22x18 MBsMBs))
�� # of # of sliceslice groupsgroups --> 3> 3
�� Slice group map type Slice group map type --> 0> 0
�� Run lenght slice Run lenght slice groupgroup 0 0 --

> 18> 18
�� RunRun lenghtlenght sliceslice groupgroup 1 1 --

> 29> 29
�� RunRun lenghtlenght sliceslice groupgroup 22--

> 19> 19█ => slice group #0

█ => slice group #1

█ => slice group #2



FlexibleFlexible macroblock macroblock orderingordering
ScatteredScattered slicesslices mapmap groupgroup

�� ExampleExample forfor a CIF a CIF frameframe
(22x18 (22x18 MBsMBs))

�� # of # of sliceslice groupsgroups --> 2> 2
�� SliceSlice groupgroup mapmap typetype --> 1> 1

█ => slice group #0

█ => slice group #1 Applicazione



ConclusionConclusion



ConclusionConclusion

�� HH.2.264/AVC 64/AVC offersoffers significantsignificant bit rate and bit rate and qualityquality
advantagesadvantages over over allall previousprevious standardsstandards (50% bit rate (50% bit rate 
savingsaving forfor equivalentequivalent perceptualperceptual qualityquality))

�� In addiction to excellent coding efficiency, the network In addiction to excellent coding efficiency, the network 
adaptation provides large flexibility for its use in a broad adaptation provides large flexibility for its use in a broad 
variety of network variety of network typestypes and and applicationapplication domainsdomains

�� ImportantImportant differencesdifferences::
-- Enhanced motion Enhanced motion predictionprediction capabilitycapability
-- Use of a small Use of a small blockblock--sizesize, exact, exact--match match transformtransform
-- AdaptiveAdaptive inin--looploop deblockingdeblocking filterfilter
-- EnhancedEnhanced entropyentropy codingcoding methodsmethods


