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Video con ten t  i s  g rowing in  vo lume  eve r y ye a r  fo r  s ys t ems such  as  d ig i t a l  

b roadcas t ing ,  v ide o  confe ren ce ,  and  on l ine  v ideo -on-de mand .  To  man ipula t e  

the  huge  amoun t  o f  da ta  so  tha t  i t  can  be  compressed ,  s to red  o r  t r ansmi t t ed  v ia  

ne twork ,  v ideo  cod ing  t echno log y  i s  i nd i spensab le .  As  v ideo  r e so lu t ion  has  

been  inc reased  to  h igh  de f in i t ion  (HD)  s ince  2003 ,  H .264 /AVC i s  s t andard iz ed  

as  t he  l a t es t  in t e rna t iona l  v ideo  cod ing  s t anda rd  which  p rov id es  h igh  

compress ion  r a t io  wh i l e  in t roduc ing  heav y computa t iona l  load .  As  v i deo  

r e so lu t ion  cont inues  to  grow f rom HD to  4kx2k  and  8kx 4k  (SHD) ,  more  

power fu l  cod ing  too l  i s  des i r ab le  and  High  Ef f i c i enc y V id eo Coding  (HEV C) 

has  been  under  s t an dard iz a t ion  s ince  2010  and  becomes  nex t  gene r a t ion  coding  

s t anda rd  in  J an .  o f  2013 .  HEVC prov ides  twice  co mpress ion  e f f i c i en c y  

compared  to  H .264 /AVC ,  a t  t he  cos t  o f  t r emendous l y inc reased  computa t iona l  

cos t  and  power  con sumpt ion .  Thus ,  i t  i s  va luab le  and  s t rongl y des i r ab le  to  

deve lop  a lgo r i thms  which  can  gr ea t l y  r educe  enc od ing  computa t iona l  

complex i t y whi l e  k eep ing  cod in g  pe r f o rmance .  

In  v ideo  compres s ion ,  an  image  f r ame  i s  d iv ided  in to  b locks  and  

compress ion  i s  pe r fo rme d  b lock  b y b lock .  For  bo th  H .264 /AVC and  HEVC,  

in t ra  and  in t e r  p red ic t ion  con t r ibu tes  s ign i f i can t l y fo r  co mpres s ion  e f f i c i ency.  

In t r a  p red ic t ion  re duces  da ta  r edundanc y ins ide  o f  one  f r ame .  I t  p red ic t s  the  

luminance  and  ch rominance  componen t s  o f  a  b lock  b y r e f e r r ing  to  ne ighbor ing  

r econs t ruc ted  b loc ks  a t  d i f f e ren t  b lo ck  s iz es  wi th  a  wi de  r an ge  o f  p red ic t ion 

modes .  In t e r  p red ic t ion  es t imates  and  compensa tes  mot ion  b y f ind ing  a  

ma tch ing  b lock  in  con t inuous  seve ra l  f r ames  a t  sub  p i xe l  accur ac y.  In  b o th  

p red ic t ions ,  the  d i f f e renc e  be tween  o r ig ina l  image  b lock  and  i t s  p red ic to r  w i l l  

be  t r ans fo rmed ,  quan t iz ed  and  en t ropy coded  be fo re  t r a nsmiss ion .  S imula t ions  

show tha t  in t r a  and  in t e r  p red ic t ion  consume  abou t  70 -80% encod ing  

complex i t y o f  a  w ho le  encoder .  Thu s ,  i t  i s  s t r a igh t fo r ward  and  u r gen t  t ha t  

t he i r  computa t iona l  complex i t y  shou ld  be  r educed .  

In  H .264 /AVC,  4x 4  and  16x16  p red ic t ion  b lock  wi th  9  and  4  p red ic t ion  

modes  respec t ive ly ,  a re  a l lowed  fo r  i n t ra  p red ic t ion ;  fo r  ea ch  16x 16  

macrob lock  (MB) ,  mot ion  e s t ima t i on  and  mot ion  compensa t ion  in  1 /2  and  1 /4  
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p ix e l  fo r  7  k inds  o f  p red ic t ion  b locks  a re  pe r fo rmed  in  in t e r  p red ic t ion .  To  ge t  

the  bes t  p red ic to r ,  a l l  t he  above  p red ic t ion  b locks  and  p red ic t ion  modes  wi l l  

be  b ru ta l l y  se a rch ed  which  requ i res  enormous  computa t io na l  complex i t y  as  

we l l  a s  h igh  powe r  consumpt ion .  In  H EVC,  number  o f  in t r a  p red ic t ion  b locks  

i s  i nc reased  to  5  k inds  f rom 4x 4  to  64x64 and  number  o f  p red ic t ion  modes  a l so  

inc reases  abou t  4  t imes .  For  in t e r  p r ed ic t ion ,  a n  ima ge  b lock  i s  r ecu r s ive l y  

pa r t i t i o ned  in to  4  sub-b locks  us ing  a  quad t ree  s t ruc tu re  and  number  o f  cod ing  

un i t  (CU)  i s  4  wi th  s i ze  f rom 8x 8  to  64x 64 ,  each  wi th  3~4  p red ic t ion  b locks .  

Moreover ,  number  o f  t r ans fo rm b locks  (TU )  i s  a l so  doub led .  Therea f t e r ,  t he  

computa t iona l  p rob lem becomes  even  c r i t i ca l  fo r  HEVC.  

As  to  op t imiz a t ion  works  fo r  H .264/AVC,  IEEE TCSVT 2005 ,  ICACT2007 ,  

IEEE TM  2007  and  IEEE TCSVT 2009  p roposed  to  r educe  unnecess a r y  

p red ic t ion  b locks  fo r  i n t ra  and  in t e r  p red ic t ion ,  b y ana l yz ing  ed ge  d ic t ions  and  

de tec t ing  mot ion  homogen e i t y  wi th in  one  MB.  I f  t he re  a re  l i t t l e  edges  o r  

mot ions ,  smal l  p red ic t ion  b lock  i s  no t  benef i c i a l ;  o the rwise ,  t he  MB wi l l  be  

pa r t i t i oned  in to  smal l  sub -b locks .  In  t h i s  way,  compu ta t iona l  complex i t y can  

be  pa r t i a l l y  r educed .  As  to  complex i ty op t imiza t ion  f o r  HEVC,  J CTVC -F0 92  

2011  b r ings  fo rwa r ded  an  ea r l y t e rmi na t ion  t echn ique  w hen  SK IP mode  i s  t he  

bes t  mode  to  d i sab le  quad t ree -b ased  CU par t i t i on ing ,  and  computa t iona l  

complex i t y  o f  HEV C encoder  i s  r educ ed  no t i ceab l y.  How ever,  fo r  compl i ca t ed  

t ex tu re  and  whe n  quan t iz a t ion  pa ramete r  (QP)  i s  l ow,  SK IP mode  happens  ve r y  

in f requen t l y  and  th i s  me thod  can  ha rd l y ac ce le r a t e  HEV C encoder .  PCS 2012 

p roposes  to  t r a in  f ea tu re  vec to r s  to  dec ide  pa r t i t i on  o r  no t  fo r  each  CU us ing  

l a rge  amoun t  o f  v ideo  samples .  Th i s  me thod  reduces  up  to  40% encod ing  

complex i t y o f  HEV C ,  wh i l e ,  i nc remen t  o f  b i t r a t e  i s  l a rge  due  to  the  d i s to r t ion  

be tween  t e s t  v ideos  and  t r a in ing  sampl es .   

Th i s  d i sse r t a t i on  avoids  the  abo ve  p rob lems  and  t a rge t s  to  r educe  

computa t iona l  complex i t y o f  v ideo  e ncode r s  l a rge l y  wh i l e  keep ing  en cod ing  

per fo rmance  in  t e rms  o f  image  qua l i t y  and  b i t r a t e ,  so  tha t  v ideo  da t a  can  be  

compressed  e f f i c i e n t l y  wi th in  l e s s  encod ing  t ime  o r  under  lower  power  

consumpt ion .  In  p r opos ed  me thods ,  spa t i a l ,  t empora l ,  and  t r ans fo rmed  fe a tu res  
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of  v ideo  s igna l s  wi l l  be  eva lua ted  ins tead  o f  b ru ta l  s ea rc h ing .  Based  on  these  

common fea tu res ,  unnecessa r y p red ic t ion  b locks ,  non -c on t r ibu tab le  t r ans fo rm 

b locks ,  ea r l y t e r mina t ion  o f  mot ion  e s t ima t ion  and  mot ion  compensa t ion  

becomes  poss ib le  and  the  en cod ing  computa t iona l  complex i t y can  be  grea t l y  

r educed  wi thou t  a f f ec t ing  v ideo  qua l i ty  and  b i t r a t e ,  fo r  a  wide  ran ge  o f  v ideos  

wi th  va r ious  cha rac te r i s t i c s .  

Chapte r  1  [ In troduct ion]  gives  a  b r i e f  in t roduc t ion  to  the  l a t e s t  H .264 /AVC 

s t andard  and  the  emergin g  n ew s t an dard  o f  HEVC.  Th e  common and  mo s t  

computa t iona l l y in t ens ive  cod ing  too l  o f  i n t ra  and  in t e r  p red ic t ions  a re  

d i scussed ,  fo l lowed  b y the  mot iva t ion  o f  t h i s  r esea r ch .  

Chapte r  2  [Homo gene i ty  Detect ion  based  Mode  De c i s ion  Scheme  for  

H.264 /AVC ]  prese n ts  a  f a s t  mode  dec i s ion  a lgo r i thm to  reduce  computa t iona l  

complex i t y in  in t r a  and  in t e r  p r ed ic t ion  fo r  H .264 /AVC.  A  nove l  and  p rec i se  

homogene i t y d e tec t ion  me thod  based  o n  en t rop y theor y fo r  b lock  t ype  dec i s ion  

i s  p roposed .  Here ,  en t rop y f ea tu re  o f  MB is  fo r  the  f i r s t  t ime  in t roduce d ,  

wh ich  i s  ca l cu la t ed  a s  the  en t rop y va lue  o f  the  in t ens i t i e s  o f  256  p ix e l s  loca ted  

in  an  MB.  En t rop y d i s t r ibut ion  p roves  tha t ,  fo r  MB wi th  low en t rop y f ea t u re ,  

smal l  pe rd i t i on  b locks  a re  o f  l i t t l e  con t r ibu t ion  and  can  be  sk ipped ;  fo r  MB 

wi th  h igh  en t rop y fea tu re ,  l a rge  p r ed ic t ion  b locks  ca n  b e  omi t t ed  wi tho u t  

sac r i f i c ing  cod ing  pe r fo rmance .  Base d  on  the  phenomenon ,  p roposed  me thod  

can  se l ec t  16x 16  o r  4x 4  b lock  appr opr i a t e l y fo r  i n t ra  cod ing;  Meanwhi l e ,  

e i the r  the  l a rge  b locks  in  {16x 16 ,  16x 8 ,  8x 16}  o r  sub -b locks  in  {8x 8 ,  8x 4 ,  4x8 ,  

4x 4} a re  sa fe l y ch osen  fo r  in t e r  cod ing .  Compared  wi th  D.Wu ’s  method  ( IEEE 

TCSVT 2005)  whic h  de tec t s  MB ’ s  ho mogene i t y a s  the  s um of  edge  ampl i tude ,  

p roposed  me thod  can  de tec t  M B homogene i t y  more  acc ura te l y.  S imula t ions  

demonst ra t e  tha t  en t rop y based  b lock  s iz e  dec i s ion  a lgo r i t hm ach ieves  94 .88% 

dec i s ion  accurac y.  Moreover,  cons i s t en t  encod ing  ga in  i s  ach ieved  fo r  a l l  

v ideos  wi th  d i ff e re n t  mot ion  and  spa t i a l  f ea tu res .  Avera ge l y,  52 .5 % 

computa t iona l  complex i t y o f  o r i g ina l  H .264 /AVC encod er  has  b een  r educ ed  

wi th  negl ig ib l e  l o s s  i n  b i t r a t e  and  PSNR .  Compared  wi th  Z. Liu ’ s  me thod  ( IE EE 

TCSVT 2009) ,  o r ig ina l  encod ing  p rocess  i s  acce l e ra t ed  b y 12% wi th  b i t r a t e  
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improved  b y 0 .6%.   

Chapte r  3  [Conte nt  Adapt ive  Hier arch ica l  Dec i s ion  of  Var iab le  B loc k 

S izes  in  HEVC ]  br i ngs  fo rwa rd  an  ada p t ive  scheme tha t  e xp lo i t s  and  in t e gra t e s  

f ea tu re s  i n  t empora l ,  spa t i a l  and  t r ans fo r m domains  to  exc lude  cod ing  b locks  

o f  l i t t l e  con t r ibu t ions ,  t o  speed  up  HEVC encoder,  t a rge t ing  a t  v ideos  in  

r e so lu t ion  o f  HD and  be yond .  As  u t i l i z a t ion  r a t io  o f  each  cod ing  un i t  am ong 

seve ra l  con t inuous  f r ames  s ta y the  s ame ,  to  use  t empora l  f ea tu res  fo r  b l ock  

s iz e  dec i s ion ,  ana lys i s  on  u t i l i z a t ion  r a t i o  o f  each  cod ing  un i t  i s  pe r fo r med 

and  ra re l y adop ted  coding  un i t  i s  sk ipped  fo r  each  64x 64 CU .  S ince  opt ima l  

cod ing  b lock  i s  h igh l y d ependen t  on  t ex tu re  complex i t y,  t o  use  spa t i a l  f ea tu res  

fo r  b lock  s iz e  dec i s ion ,  t ex tu re  complex i t y (TC)  meas uremen t  i s  app l i ed  to  

f i l t e r  ou t  none -co n t r ibu tab le  cod ing  b locks  to  r educe  unnecessa r y cod i ng  

complex i t y.  Here ,  a  64x64  ima ge  b lock  i s  f i r s t l y  down - sampled  to  16x 16 and  

t ex tu re  complex i t y  i s  ca l cu la t ed  a s  normal iz ed  va r i ance  o f  256  p ix e l s ’ 

i n t ens i t i e s .  Moreo ver,  a  d yn amic  th resho ld  se t t ing  app roach  i s  p roposed  to  

make  f i l t e r ing  adap tab le  to  v ideos  and  cod ing  paramet e r s .  Th i rd l y,  sum o f  

abso lu te  quan t iz ed  re s idua l  coe ff i c i en t  (SAQC)  in  t r ans fo rm domain  i s  

i n t roduced  and  u t i l i z ed  to  p rune  use le s s  cod ing  b locks  e ff i c i en t l y.  SAQC i s  

f i r s t l y  u t i l i zed  in  the  same  way as  u s ing  TC fo r  d ynamic  CU p run ing .  A l so ,  fo r  

z e ro  SAQC ,  cod ing  b locks  f rom s iz e  o f  4x 4  to  16x 16  i s  non-con t r ibu tab le  to  

cod ing  pe r fo rmanc e  and  the y a r e  p runed  f rom  us ing  fo r  mot ion  e s t ima t ion  and  

mot ion  compensa t ion .  B y in t e gra t in g  the  th ree  p roposa l s  toge the r,  t he  ove r a l l  

b lock  s i ze  dec i s ion  scheme i s  ab l e  t o  ach ieve  op t imiza t ion  e ffe c t s  fo r  a l l  k inds  

o f  cod ing  sc enar io ,  even  fo r  low QP c ases  and  fo r  v ideos  wi th  complex  t ex tu re  

and  fa s t  mot ions .  P roposed  scheme  speeds  up  o r ig ina l  HEVC encoder  b y  a  

f ac to r  o f  up  to  61 .89% fo r  4kx 2k  v ideo  sequences  and  ave ra ge  complex i t y  

r educ t ion  i s  33 .4%.  Compared  wi th  J CTVC -F092  2011  which  i s  adop ted  a s  

encoder- s ide  op t imiza t ion  too l  i n  HEVC,  ano the r  16% of  encod ing  

computa t iona l  complex i t y i s  success fu l l y  reduced  wi th  equ iva len t  compress ion  

pe r fo rmance .  For  c ompl i ca t ed  scene ,  a bout  30% reduc t ion  i s  fu r the r  ach iev ed .   

Chapte r  4  [Al l - Zer o  Block -Based  Opt imizat ion  f or  Quadtre e -S tructured  
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Pr ed ic t ion  and  Res idua l  Encod ing ]  presen t s  a  nove l  a l l  z e ro  b lock  (A ZB)  

de t ec t ion  a lgo r i th m and  an  op t imiz a t ion  scheme which  t akes  fu l l  advan tage  o f  

AZB to  r educe  enc od ing  complex i t y f o r  HEVC.  AZB i s  a  r e s idua l  b lock  wh ose  

coe ff i c i en t  be come s  z e ro  a f t e r  DCT and  quan t iz a t ion .  Genera l l y,  i f  sum o f  

abso lu te  d i ffe r ence  ( SAD)  o f  a  b lock  i s  lower  tha n  a  p r e - de f ined  th resho ld ,  t he  

b lock  can  be  de tec t ed  a s  A ZB and  th resho ld  se t t ing  i s  c r i t i ca l .  In  p ropos ed  

me thod ,  a  nea r- su ff i c i en t  cond i t ion  fo r  de tec t ing  va r i ab le  s i z ed  AZB in  luma 

and  ch roma  componen t s  i s  p roposed  by mode l in g  quan t iz ed  re s idua l  a s  a  l i nea r  

func t ion  o f  r e s idua l  b lock  wi thout  pe r fo rming DCT a nd  quan t iz a t ion .  For  

de tec ted  A ZB,  th ree  t echn iques  a r e  p roposed  to  r educe  computa t iona l  

complex i t y fo r  HE VC.  (1 )  Ear l y  t e rmina t ion  o f  mot ion  es t imat ion  (2 )  Sk ipp ing  

o f  DCT and  quan t iz a t ion  and  (3 )  Tw o d imens iona l  p run ing  o f  p red ic t ion  b locks .  

In  t echn ique  (1 ) ,  SAD gen era l l y  decreases  du r ing  mot ion  es t imat ion  and  i f  i t  i s  

l e s s  t han  AZB de tec t ion  th resho ld ,  r e main ing  mot ion  es t imat ion  p rocess  can  be  

ea r l y t e rmina ted .  One  impor t an t  f ea tu re  i s  t ha t  ea r l y  t e rmina t ion  can  be  

app l i ed  to  a l l  p re d ic t ion  b locks .  In  t echn ique  (2 ) ,  a l l  TU fo r  DCT an d 

quan t i z a t ion  a re  sk ipped  fo r  r e s idua l  encod ing .  Mos t  impor t an t l y,  i n  t echn ique  

(3 ) ,  ve r t i ca l l y,  i f  e i the r  b lock  o f  {64x 64 ,  32x 32}  i s  AZB,  a l l  p red ic t ion  b loc ks  

in  {16x 16 ,  8x 8}  wi l l  be  a l l  p runed ;  ho r iz on ta l l y,  i f  e i the r  b lock  in  {64x64 ,  

32x 32 ,  16x 16 ,  8x 8}  i s  AZB,  r em ain ing  p red ic t ion  b locks  wi l l  be  sk ipped .  The 

ove ra l l  p roposa l  on l y n eeds  sh i f t  and  add i t ion  and  i s  su i t ab le  fo r  ha rdw are  

imp lemen ta t ion .  Compared  wi th  L.A .Sousa ’s  me thod ( IEE E Le t t e r  2000) ,  AZB 

de tec t ion  r a t e  fo r  luma  8x 8 ,  16x 16 ,  32x 32  b locks  ha ve  been  improved  b y  

46 .95%,  31 .46% and  11 .63%,  r e sp ec t ive l y.  Ex per ime n ts  on  v i deos  f r om 

416×240  to  4k×2k  show tha t  HEVC enc oder  i s  acce l e ra t ed  b y up  to  70 .46% an d 

50 .34% on  ave ra ge .  Compared  wi th  bes t  r e su l t s  ach ieved  b y Shen’s  a lgo r i thm 

(PCS 2012) ,  p roposed  approach  fu r the r  acce le ra te s  HEV C encoder  b y ano t he r  

3% wi th  b i t  r a t e  improv ement  nea r l y t o  1 .15%.  

Chapte r  5  [Conc lus ion]  conc ludes  the  th ree  p roposa l s  and  summar iz es  

con t r ibut ion  o f  th i s  d i s se r t a t ion .  

 


