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Backgrou n d

● MPEG- 1

– Sp at ial an d  t em p oral vid eo cod in g

– Pred ict ive, b i- d irect ion al
● MPEG- 2

– Ad d ed  su p p ort  for  in ter laced  vid eo

– Wid ely u sed  for  t ran sm iss ion  of vid eo, both  in  
s tan d ard  d efin it ion  an d  h igh  d efin it ion



Backgrou n d

● More h igh  d efin it ion  TV an d  lower  ban d wid th  
ch an n els  requ ire h igh er  cod in g efficien cy

– Cable m od em , DSL h ave lower  ban d wid th  th an  
b road cas t

– High er  cod in g efficien cy m ean s  eith er  h igh er  
qu ality or  m ore ch an n els



Backgrou n d

● In  1998  a  call for  p rop osals  on  H.26L was  is su ed

– Des ired  to  d ou b le cod in g efficien cy of exis t in g 
vid eo  cod ecs

– Th at  is , h alf th e b it  ra te for  th e sam e fid elity
● Aim ed  to  fin aliz e d raft  of H.264/ AVC in  March  

2003



Th e Stan d ard

● On ly th e d ecod er  is  s t an d ard iz ed

● Im p oses  res t r ict ion s  on  b it s t ream  an d  syn tax

– Defin es  th e HRD (h yp oth et ical referen ce 
d ecod er)

● Perm it s  m axim u m  freed om  to  op t im iz e 
im p lem en tat ion s

– Doesn 't  gu aran tee en d - to- en d  rep rod u ct ion  
qu ality

– Poor  en cod in g can  s t ill be con form an t



En h an cem en ts

● Variab le b lock- s iz e m ot ion  com p en sat ion

– Use b locks  as  sm all as  4x4

– MPEG- 1 h ad  fixed  8x8  b lock s iz es
● Qu arter  sam p le m ot ion  com p en sat ion

– Prior  s t an d ard s  en abled  h alf- sam p le m ot ion

– Red u ced  com p lexity from  MPEG- 4 Visu al



En h an cem en ts

● Motion  vectors  over  p ictu re bou n d ar ies

● Mu lt ip le referen ce p ictu re m ot ion  com p en sat ion

– Don 't  h ave to  ju s t  referen ce p reviou s  I fram e 
(from  H.263)

– P fram es  in  MPEG- 2 u sed  on ly on e p reviou s  
fram e

– An  en cod er  can  select  from  a large n u m ber  of 
s tored  fram es  in  th e d ecod er



En h an cem en ts

● Decou p lin g of referen cin g ord er  from  d isp lay 
ord er

– En cod er  can  ch oose ord er in g of p ictu res  for  
referen cin g bou n d ed  on ly by availab le m em ory

● Decou p le p ictu re rep resen tat ion  from  p ictu re 
referen ce cap ability

– Not  res t r icted  to  u s in g I- fram es  for  referen ce ... 
a llows  closer  t em p oral fram es  to  be u sed



En h an cem en ts

● Weigh ted  p red ict ion

– Allows  m ot ion - com p en sated  p red ict ion  s ign al 
to  be weigh ted  an d  offset

– Im p roves  cod in g efficien cy for  effect s  like fad es
● In - th e- loop  d eblockin g filt er in g

– Blockin g ar t ifact s  can  be rem oved  with  th e 
ap p licat ion  of th is  filt er



Cod in g Efficien cy

● Sm all b lock- s iz e t ran s form

– Utiliz e b locks  as  sm all as  4x4
● Hierarch ical b lock t ran sform

– Flexib le form at  allows  for  lon ger  bas is  
fu n ct ion s , in clu d in g 8x8 b locks  for  ch rom a 
in form at ion

● Sh or t  word - len gth  t ran s form

– On ly requ ires  16- b it  ar ith m et ic, n ot  32



Cod in g Efficien cy

● Exact  m atch  in verse t ran s form

– Previou s  s tan d ard s  on ly p rovid ed  in verse 
t ran s form  with in  an  er ror  bou n d

– H.264/ AVC p rovid es  exact  in verse t ran s form , 
so  a ll com p lian t  d ecod ers  p rod u ce exact ly th e 
sam e ou tp u t

● Arith m et ic en t rop y cod in g

– Bet ter  com p ress ion  th an  Hu ffm an
● Con text - ad ap t ive en t rop y cod in g



Robu s tn ess

● Param eter  set  s t ru ctu re

– Head er  in form at ion  h an d led  sep arately
● NAL u n it  syn tax s t ru ctu re

– Each  s t ru ctu re is  p laced  in to  a  logical d a ta  
p acket  (Network Abs t ract ion  Layer)

– Allows  NAL u n it  syn tax allows  for  
cu s tom iz at ion  of th e m eth od  of carryin g th e 
s ign al (d ep en d in g on  n etwork)



Robu s tn ess

● Flexib le s lice s iz e

– MPEG 2  h ad  r igid  s lice s iz e

– H.264/ AVC is  flexib le (like MPEG- 1)
● Flexib le m acroblock ord er in g (FMO)

– Pictu re can  be p ar t it ion ed  in to  region s  (s lice)

– Each  s lice can  be in d ep en d en t ly d ecod ed



Robu s tn ess

● Arbit rary s lice ord er in g (ASO)

– Sin ce each  s lice is  in d ep en d en t ly d ecod ab le 
(ap p roxim ately), s lices  can  be sen t  an d  received  
ou t  of ord er

– Th is  can  im p rove en d - to- en d  d elay t im e on  
cer ta in  n etworks  (like th e In tern et )

● Red u n d an t  p ictu res

– An  en cod er  can  sen d  red u n d an t  region s  of 
p ictu res  (typ ically lower  resolu t ion ) for  u se 
d u r in g loss  of d ata



Robu s tn ess

● Data Par t it ion in g

– Each  region  a llows  for  u p  to  th ree d ifferen t  
p ar t it ion s  for  t ran sm iss ion

● SP/ SI syn ch ron iz at ion / switch in g

– New p ictu re typ es  allow exact  syn ch ron iz at ion  
of th e d ecod in g p rocess  with ou t  p en aliz in g 
oth er  d ecod ers

– Avoid s  p en aliz in g som e d ecod ers  wh en  sen d in g 
an  I p ictu re



Network Abs t ract ion  Layer

● NAL Un it s

– Each  u n it  is  effect ively a  p acket  th at  con tain s  
an  in t eger  n u m ber  of bytes .

– Firs t  byte is  h ead er  byte

– Payload  d ata  is  in ter leaved  with  em u lat ion  
p reven t ion  bytes  to  avoid  s tar t  cod e p refix



Network Abs t ract ion  Layer

● NAL Un it s  in  Byte St ream

– Som e t ran sp or t  m ech an ism s  are s t ream s  of 
bytes

– Use s tar t  cod e p refix to  id en t ify begin n in g of 
NAL u n it

– A sm all am ou n t  of d ata  allows  for  byte 
align m en t  as  n ecessary



Network Abs t ract ion  Layer

● NAL Un it s  in  p acket  t ran sp or t  sys tem s

– For  in t ern et  p rotocol an d  o th er  p acket  
n etworks , d on 't  requ ire s t ar t  cod e p refix, s in ce 
p acket  d efin es  th e u n it

● VCL an d  Non - VCL u n it s

– Som e u n it s  are vid eo  d ata

– Oth er  u n it s  are p aram eter  set s , d ata  th at  
p er ta in s  to  a  large am ou n t  of VCL d ata



Network Abs t ract ion  Layer

● Param eter  Set s

– Sequ en ce p aram eter  set s  ap p ly to  a  ser ies  of 
con secu t ive cod ed  vid eo  p ictu res

– Pictu re p aram eter  set s  ap p ly to  th e d ecod in g of 
on e or  m ore in d ivid u al p ictu res

– VCL h as  a  referen ce to  th e ap p rop ria te 
p aram eter  set

– Exam p le: vid eo form at , en t rop y en cod in g 



Network Abs t ract ion  Layer

● Access  Un it s

– A set  of NAL u n it s  in  a  sp ecified  form

– Con tain s  VCL NAL u n it s  for  th e p r im ary p ictu re

– May also  con ta in  ad d it ion al VCL for  red u n d an t  
p ictu res

– Su p p lem en tal en h an cem en t  in form at ion  (like 
t im in g)



Vid eo Cod in g Layer

● Pictu res , Fram es  an d  Field s

– A vid eo sequ en ce is  a  set  of cod ed  p ictu res

– A p ictu re can  be eith er  a  fram e or  a  field  (for  
in ter laced  vid eo)

● Macrob locks

– A p ictu re is  p ar t it ion ed  in to  fixed  s iz e b locks

– 16x16 sam p les  for  lu m a, 8x8  for  each  of th e 
two ch rom a ch an n els



Vid eo Cod in g Layer

● Colou r  sp ace

– YCbCr colou r  sp ace

– 4:2 :0  sam p lin g

– Y – lu m a, CbCr – ch rom a

– Hu m an s  are m ore sen s it ive to  lu m a, so  it  h as  
fou r  t im es  th e sam p les  of th e ch rom a ch an n els .



Vid eo Cod in g Layer

● Slices  an d  Slice Grou p s

– A p ictu re in  H.264/ AVC can  be a  collect ion  of 
on e or  several s lices

– Each  s lice is  a  ser ies  of m acrob lock

Grou p  0

Grou p  1

Grou p  2



Vid eo Cod in g Layer

● Ad ap t ive Fram e/ Field  Cod in g

– For  in t er laced  (as  op p osed  to  p rogress ive) 
vid eo , H.264/ AVC allows  for  sep arate en cod in g 
of each  field .

– Fram e/ field  en cod in g d ecis ion  can  be m ad e 
in d ep en d en t ly for  each  ver t ical p a ir  of 
m acrob locks  (16x32 lu m a region ).



Vid eo Cod in g Layer

● In t ra- Fram e Pred ict ion

– Each  m acrob lock can  be t ran sm it t ed  in  a  
n u m ber  of d ifferen t  cod in g sch em es

– In t ra_4x4
● Good  for  d etail

– In t ra_16x16
● Good  for  sm ooth  areas

– I_PCM
● Tran sm it  s am p les  d irect ly (n o p red ict ion )



Vid eo Cod in g Layer

● In ter - fram e Pred ict ion

– Par t it ion s  of lu m a b lock s iz es  16x16, 16x8 , 
8x16, an d  8x8  are su p p or ted

– Accu racy of m ot ion  com p en sat ion  is  in  u n it s  of 
on e qu ar ter  of th e d is tan ce between  lu m a 
sam p les

– Allows  m ot ion  com p en sat ion  over  p ictu re 
bou n d ar ies

– Doesn 't  a llow m ot ion  com p en sat ion  over  s lice 
bou n d ar ies



Su m m ary

● Sep arat ion  of s t an d ard  in to  NAL an d  VCL

● Ad d ed  robu s tn ess  th rou gh  ASO an d  FMO

● Im p roved  cod in g efficien cy

– Sm all b locks , 16- b it  ar ith m et ic
● Im p roved  qu ality

– Bet ter  p red ict ive cod in g, sm aller  b locks , in -
th e- loop  d eb lockin g 



Discu ss ion

● Good  p oin t s?
● Bad  p oin t s?


