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6-7       Motion Picture Processing
 Multimedia - Department of Computing, Imperial College

P rofes s or G Z  Y ang ! h t t p : / / w w w . d o c . i c . a c . u k / ~ g z y  

Sources and Types of Motion

In recent years, mo tio n p ictu re p ro cessing  is b eco ming  o ne o f th e mo st
imp o rtant to p ics in mu l timed ia d ev el o p ment, b o th  in research  and  ind u strial
ap p l icatio ns.  T h is is no t o nl y d u e to  th e ch al l eng ing  natu re o f mo tio n p ro cessing , b u t
al so  d u e to  its p o tential  co mmercial  imp act in effectiv e mu l timed ia d el iv ery.  M o st
co ncep ts cu rrentl y ad o p ted  fo r mo tio n p ictu re p ro cessing  in mu l timed ia h av e th eir
ro o ts in C o mp u ter V isio n research .  In th is case, th e inp u t to  th e system is a seq u ence
o f imag e frames tak en fro m a ch ang ing  w o rl d .  T h e camera u sed  to  acq u ire th e imag e
seq u ence may al so  b e in mo tio n.  E ach  frame rep resents an imag e o f th e scene at a
p articu l ar instant in time.  T h e ch ang es in a scene may b e d u e to  th e mo tio n o f th e
camera, th e mo tio n o f th e o b j ects, il l u minatio n ch ang es, o r ch ang es in th e stru ctu re,
siz e, o r sh ap e o f th e o b j ect.  It is u su al l y assu med  th at th e ch ang es in a scene are d u e
to  camera and  / o r o b j ect mo tio n, and  th at o b j ects are eith er rig id  o r q u asi- rig id .  T h e
system mu st d etect ch ang es, d etermine th e mo tio n ch aracteristics o f th e camera and
th e o b j ects, ch aracterise th e mo tio n u sing  h ig h - l ev el  ab stractio n, reco v er th e stru ctu re
o f th e o b j ect, and  reco g nise mo v ing  o b j ects.  

In mu l timed ia, th e main p u rp o ses o f mo tio n p ro cessing  are to  p erfo rm
• mo tio n co mp ensated  p red ictio n fo r imag e co mp ressio n
• mo tio n co mp ensated  interp o l atio n fo r g enerating  v iew s b etw een

frames
• imag e seq u ence anal ysis fo r v id eo  seg mentatio n 

S ince in mo st v id eo  seq u ences, th e mo v ing  p arts w ith in th e imag e are u su al l y l imited
to  a smal l  reg io n o f interest, th e u se o f temp o ral  ch ang es b etw een frames p ermits an
effectiv e w ay o f d ata co mp ressio n.  T h e fo l l o w ing  fig u re il l u strates o ne imag e frame
ex tracted  fro m a v id eo  seq u ence w ith  mo tio n v ecto rs su p erimp o sed .  T h e inter- frame
d ifference is al so  sh o w n.  It is ev id ent th at th e d ifference imag e co ntains l ess d etail s
and  th erefo re can b e co mp ressed  mo re rig o ro u sl y.   T h is can b e reg ard ed  as an
ex tensio n to  o u r p rev io u sl y d escrib ed  D P C M  co ncep t.  H o w ev er, if w e k no w  ex actl y
h o w  th e mo tio n v ecto rs are d istrib u ted , w e can w arp  th e o rig inal  imag e b y u sing  th e
mo tio n v ecto rs to  d eriv e a mo tio n co mp ensated  p red ictio n imag e.  S ince th e
co rresp o nd ence b etw een th e w arp ed  imag e and  th e nex t imag e frame is h ig h , th e
d ifference b etw een th e tw o  is ex p ected  to  b e rath er smal l , as il l u strated  b y th e
fo l l o w ing  fig u re.  In mo tio n p ictu re co mp ressio n, o ne o nl y need s to  transmit th e first
imag e frame fo l l o w ed  b y mo tio n v ecto rs.  S ince th e mo tio n v ecto rs th emsel v es are
sp arse and  in mo st cases are smo o th l y v arying , a v ery h ig h  co mp ressio n ratio  can b e
ach iev ed .  T h is is th e b asic id ea b eh ind  mu l timed ia mo tio n p ictu re p ro cessing .  O f
co u rse, th ere are many tech nical  d etail s need  to  b e ad d ressed  b efo re it can b e
p ractical l y u sefu l .
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Block Matching and Motion Estimation

One o f  th e m o s t c o m m o n tec h ni q u es  u s ed  f o r  m o ti o n es ti m ati o n i s  th r o u g h  b l o c k
m atc h i ng .  T h e tec h ni q u e as s u m es  a 2 D  tr ans l ati o nal  m o d el  f o r  eac h  b l o c k  and  a
s i ng l e v ec to r  i s  f o u nd  b y  m i ni m i s i ng  th e to tal  p i x el  i ntens i ty  d i f f er enc e.  I n p r ac ti c e,  a
d i s to r ti o n f u nc ti o n i s  u s ed  to  q u anti f y  th e s i m i l ar i ty  b etw een th e s o u r c e and  tar g et
b l o c k s .  D u e to  th e am o u nt o f  d ata th at need s  to  b e p r o c es s ed ,  th e s el ec ted  d i s to r ti o n
f u nc ti o n s h o u l d  b e eas y  to  c o m p u te and  r es u l t i n g o o d  m atc h es .  T w o  m o s t c o m m o nl y
u s ed  m atc h i ng  c r i ter i a ar e m ean ab s o l u te d i f f er enc e ( M AD )  and  m ean s q u ar e
d i f f er enc e ( M S D ) .  M ath em ati c al l y ,  th ey  c an b e ex p r es s ed  b y  th e f o l l o w i ng  tw o
eq u ati o ns

and

w h er e A and  B ar e th e s o u r c e and  tar g et b l o c k s  and  ( d x ,  d y )  i s  th e m o ti o n v ec to r .  T h e
ad v antag e o f  a c o s t f u nc ti o n s u c h  as  th e M AD  i s  i ts  s i m p l i c i ty ,  w h i c h  h as  a v er y  d i r ec t
i m p l em entati o n i n h ar d w ar e.  Of  c o u r s e,  as  a r es u l t o f  i ts  s i m p l i c i ty ,  i t s ac r i f i c es  s o m e
o f  th e attr ac ti o n o f  th e M S D .  T h e M AD  tend s  to  o v er em p h as i z e s m al l  d i f f er enc es  o v er
l ar g e d i f f er enc es ,  and  m ay  th er ef o r e c au s e f as t s ear c h  al g o r i th m s  to  c o nv er g e l es s
q u i c k l y ,  o r  ev en to  g i v e d i f f er ent r es u l ts  th an w o u l d  th e M S D .
Oth er  m atc h i ng  c r i ter i a h av e al s o  b e u s ed  i n p r ac ti c e,  th ey  i nc l u d e P el  D i f f er enc e
C l as s i f i c ati o n ( P D C )  and  I nteg r al  P r o j ec ti o n ( I P ) .  P D C  c al c u l ates  b l o c k  m atc h i ng  b y
c o m p ar i ng  th e s o u r c e and  tar g et b l o c k s  p i x el  b y  p i x el ,  and  a p i x el  p ai r  i s  a m atc h  i f
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the d i f f er en c e i s sm a l l er  tha n  a  p r ed ef i n ed  thr esho l d .  T her ef o r e,  the g r ea ter  the
n u m b er  o f  m a tc hi n g  p i x el s,  the b etter  the m a tc h.  I P ,  o n  the o ther  ha n d ,  p er f o r m s
m a tc hi n g  b y  su m m i n g  the v a l u es o f  p i x el s f r o m  ea c h c o l u m n  a n d  r o w  o f  a  g i v en
b l o c k .  T hi s i s essen ti a l l y  a  l o w  p a ss f i l ter i n g  p r o c ess a n d  ther ef o r e the tec hn i q u e i s
l ess sen si ti v e to  n o i se.  M a them a ti c a l l y ,  they  c a n  b e r ep r esen ted  a s 
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Fi n d i n g  t h e  m i n i m u m  d i s t an c e  c an  b e  g u ar an t e e d  o n l y  b y  an  e x h au s t i v e  s e ar c h  o f
c an d i d at e  p o i n t s  w i t h i n  t h e  s e ar c h  r an g e .  H o w e v e r ,  t h i s  f u l l - s e ar c h  s c h e m e  r e q u i r e s
a s i g n i f i c an t  am o u n t  o f  c o m p u t at i o n al  p o w e r .   H e n c e  i n  t h e  1 9 8 0 ' s ,  s e v e r al  f as t
s e ar c h  al g o r i t h m s  w e r e  e x p l o i t e d  as  a s u b s t i t u t e  o f  t h e  f u l l - s e ar c h .  M o s t  s u b - o p t i m al
s e ar c h  s t r at e g i e s  r e l y  o n  t h e  p r i n c i p l e  o f  l o c al i t y ,  w h i c h  s u g g e s t s  t h at  v e r y  g o o d
m at c h e s ,  i f  t h e y  e x i s t ,  ar e  l i k e l y  t o  b e  f o u n d  i n  t h e  n e i g h b o u r h o o d  o f  o t h e r  g o o d
m at c h e s .  Fo r  e x am p l e ,  w h e n  u s i n g  a t w o  l e v e l  h i e r ar c h i c al  s e ar c h ,  o n e  c an  f i r s t
e x am i n e  a n u m b e r  o f  s p ar s e l y  s p ac e d  c an d i d at e  b l o c k s  f r o m  t h e  s e ar c h  ar e a an d
c h o o s e  t h e  b e s t  m at c h  as  t h e  c e n t r e  o f  a s e c o n d ,  an d  a f i n e r ,  s e ar c h .  T h e  f o l l o w i n g
ar e  p o p u l ar  s u b - o p t i m al  s e ar c h  s t r at e g i e s  t h at  h av e  b e e n  u s e d  i n  p r ac t i c e .

Three Step Search (TSS)
Given a maximum displacement d, set step size s = d/2.
Given a center  [ cx,cy ] , test nine po ints:  [ cx + /-  0  o r  s, cy
+ /-  0  o r  s] . T ak e b est match  as new  center , s = s/2 ,
r epeat.
T h e f ir st descr iptio n o f  T S S  uses a maximum displacement o f
+ /-  6 , h ence th e name.

Tw o  D i m en s i o n al  L o g ari thm i c Search (TD L )
1st block matching algorithm to exploit the quadrant monotonic model.
Given a center  [ cx, cy ] , test 5  po ints:  [ cx, cy ]  &  [ cx + /-  s, cy  + /-  s] .
I f  [ cx, cy ]  is th e b est match , s = s/2, r epeat;
else if  [ a, b ]  is th e b est match , tak e it as th e new  center  and r epeat.
I f  s = 1 , th en all nine po ints ar o und th e center  ar e tested. T ak e b est
match .
A ll po ints o utside th e sear ch  ar ea ar e ig no r ed.
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Orthogonal Search Algorithm (OSA)
Given a center [cx, cy], test 3 points: [cx, cy], [cx-s, cy], [cx+s, cy].
L et [a, b ] b e th e b est m atch , test 3 points: [a, b ], [a, b +s], [a, b -s].
T ak e b est m atch  as new  center, set s =  s/ 2 , repeat.

These search strategies assume that the matching is quadrant monotonic, i.e., the
v al ue of  the distortion f unction increases as the distance f rom the p oint of  minimum
distortion increases. I n other w ords, if  there is a l ocal  minimum, these techniques can
b e trap p ed and nev er b e ab l e to f ind the gl ob al  minimum. This is w hy  these
al gorithms are cal l ed sub - op timal  search strategies. The main draw b ack s of  b l ock
matching b ased techniques are due to their comp utational  comp l ex ity  and noise
sensitiv ity . F urthermore, the estimated v ector f iel ds are sometimes not smooth, w hich
can cause p rob l ems to the f inal  comp ression ratio. To circumv ent these p rob l ems, a
hierarchical  matching strategy  has b een used. The method starts w ith estimation on
l ow  resol ution image f rames and p rop agate v ectors to higher resol ution l ev el s. D uring
the p rocess, it al l ow s ref inement of  p rop agated motion v ectors. 
Another ref inement to the af orementioned techniques is to rel ax  the constraint f rom
2 D  rigid transf ormation to 2 D  l ocal  af f ine transf ormation. A rigid- b ody  transf ormation
is comp osed of  a comb ination of  a rotation, transl ation, and scal e change. I n 2 D  case,
this can b e rep resented as 
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Since t h e ro t a t io n m a t rix is  o rt h o g o na l  (  t h e ro w s  o r co l u m ns  a re p erp end icu l a r t o
ea ch  o t h er) ,  t h e a ng l es  a nd  l eng t h s  in t h e o rig ina l  im a g e a re p res erv ed  a f t er
reg is t ra t io n.  T h e s ca l a r s ca l e f a ct o r s ,  o n t h e o t h er h a nd ,  ens u res  t h a t  t h e ch a ng es  in
l eng t h  rel a t iv e t o  t h e o rig ina l  im a g e a re u nif o rm  f o r x a nd  y .  I t  is  a p p a rent  t h a t  t h e
t ra ns f o rm a t io n rep res ent ed  a b o v e ca n no t  a cco u nt  f o r m o re g enera l  s p a t ia l  d is t o rt io ns
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such a s she a r  ( sk e w ) .  I n  t hi s ca se ,  a  m o r e  g e n e r a l  t r a n sf o r m a t i o n  ca l l e d  a f f i n e
t r a n sf o r m a t i o n  ha s t o  b e  use d ,  a n d  
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A f f i n e  t r a n sf o r m a t i o n  d o e s n o t  ha v e  t he  p r o p e r t i e s a sso ci a t e d  w i t h t he  o r t ho g o n a l
r o t a t i o n  m a t r i x,  a n g l e s a n d  l e n g t hs a r e  n o  l o n g e r  p r e se r v e d .  H o w e v e r ,  p a r a l l e l  l i n e s
i n  t he  o r i g i n a l  i m a g e  d o  r e m a i n  p a r a l l e l  a f t e r  t r a n sf o r m a t i o n .  S he a r  a l o n g  x o r  y a xi s
ca n  t hus b e  r e p r e se n t e d  a s 
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T o  a cco u n t f o r m o re g en era l d ef o rm a tio n ,  h ig h er o rd er tra n sf o rm a tio n  h a s to  b e u sed .
T h is ca n  b e a ch ieved  eith er b y u sin g  b i- va ria te po lyn o m ia l tra n sf o rm a tio n s,  o r g en era l

splin e a ppro a ch  to  piecew ise in terpo la tio n . I n  th e ca se po lyn o m ia l tra n sf o rm a tio n ,  th e
f o llo w in g  m a ppin g  f u n ctio n s a re u sed :   
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The o r d er  o f  t he p o ly n o m i a l d ep en d s  o n  t he t r a d e- o f f  b et w een  a c c u r a c y  a n d
c o m p u t a t i o n a l c o s t .  I n  m a n y  c a s es ,  a s  t he o r d er  o f  t he p o ly n o m i a l t r a n s f o r m a t i o n
i n c r ea s es ,  t he d ep en d en c i es  b et w een  t he p a r a m et er s  m u lt i p li es ,  u s i n g  t he n o r m a l
eq u a t i o n s  t o  s o l v e t he lea s t  s q u a r es  a p p r o x i m a t i o n  c a n  b ec o m e c o m p u t a t i o n a lly
ex p en s i v e a n d  i n a c c u r a t e.  Thi s  c a n  b e a llev i a t ed  b y  u s i n g  o r t ho g o n a l p o ly n o m i a ls
w hi c h b a s i c a lly  i n v o l v es  r ep r es en t i n g  t he o r i g i n a l p o ly n o m i a l m a p p i n g  a s  a
c o m b i n a t i o n  o f  o r t ho g o n a l p o ly n o m i a l s  t ha t  c o n s t r u c t ed  f r o m  li n ea r ly  i n d ep en d en t
f u n c t i o n s .  B ec a u s e t he p o ly n o m i a ls  a r e o r t ho g o n a l,  t he d ep en d en c i es  b et w een
p a r a m et er s  a r e s i m p li f i ed ,  a n d  t he p a r a m et er s  o f  t he n ew  r ep r es en t a t i o n  c a n  b e f o u n d
a n a ly t i c a lly ,  i . e. ,  t her e i s  n o  n eed  t o  s o lv e a  s y s t em  o f  li n ea r  eq u a t i o n s .  
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Motion but no optical flow 
( C ope r nicus )  

O ptical flow but no m otion 
( C ath olic C h ur ch )  

Optical Flow
The d i f f i c u l t i es  o f  f i r s t  o f  al l  m at c hi n g  p o i n t s  o n  m o v i n g  o b j ec t s ,  f o l l o wed  b y  m eas u r i n g
p o s i t i o n s  an d  v el o c i t i es  wi t h s u f f i c i en t  ac c u r ac y ,  has  p r o m p t ed  a l o c al  ap p r o ac h t o  t he
p r o b l em  wher e t he i n t en s i t y  c han g e at  o n e p i x el  i s  c o n s i d er ed .  So m e as s u m p t i o n s
n eed  t o  b e m ad e.  The f o l l o wi n g  d i ag r am  s ho ws  t hat  a r o t at i n g  s p her e,  wi t h f i x ed  l i g ht
an d  c am er a p o s i t i o n s  wi l l  n o t  s ho w an y  c han g es  o f  p i x el  i n t en s i t i es ,  wher eas  a s p her e
t hat  i s  s t at i o n ar y  r el at i v e t o  a m o v i n g  l i g ht  s o u r c e wi l l  d i s p l ay  i n t en s i t y  c han g es .
Si m i l ar l y  t r an s l at i o n  r el at i v e t o  a s t at i o n ar y  l i g ht  s o u r c e wi l l  p r o d u c e i n t en s i t y  c han g es .
W e as s u m e t hat  t he l i g ht i n g  i s  s t at i o n ar y ,  an d  c o n s i d er  t he m o v em en t  o f  r i g i d  o b j ec t s
r el at i v e t o  a f i x ed  c am er a p o s i t i o n .
L et  u s  ex p r es s  t he i n t en s i t y  at  a p i x el  as  f ( x , y , t ) ,  an d  c o n s i d er  t he i n t en s i t y  af t er  a

s m al l  c han g e i n  t i m e an d  p o s i t i o n :  f ( x + d x , y + d y , t + d t ) .  The Tay l o r  s er i es  ex p an s i o n  f o r
t hi s  i s :

f x y t f
x d x f

y d y f
t d t h i g h e r o r d e r te r m s( , , ) +
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Now we  c om e  t o t h e  t r i c k y  b i t .  R e m e m b e r  t h at  we  ar e  t r an s l at i n g  an  ob j e c t  b y  a s m al l
am ou n t ,  [ d x , d y ]  i n  t h e  i m ag e  f r am e .  I f  t h i s  i s  s u f f i c i e n t l y  s m al l  r e l at i v e  t o t h e  c am e r a
an d  i l l u m i n at i on ,  t h e  i l l u m i n at i on  f u n c t i on  of  t h at  p oi n t  s h ou l d  n ot  c h an g e ,  s o:

f x d x y d y t d t f x y t( , , ) ( , , )+ + + =

so, ignoring the higher order terms:
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a nd u sing the p rev iou s nota tion f or v el oc ity  w e ha v e tha t:
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it is  p o s s ib l e  to  m e as u r e  th e  th r e e  p ar tial  d e r iv ativ e s  d ir e c tl y  f r o m  th e  im ag e  c h an g e s
at e ac h  p ix e l  in  th e  im ag e .  T h is  e q u atio n  is  a c o n s tr ain t e q u atio n , w h ic h  c o n s tr ain s  th e
v e l o c itie s  to  l ie  o n  a l in e  in  th e  u-v s p ac e .  T h e  ab s o l u te  v al u e s  m u s t b e  f o u n d  b y  a
s e ar c h  ( r e l ax atio n )  te c h n iq u e .  F o r  e x am p l e , if  w e  as s u m e  th at w e  h av e  a m e as u r e  o f
th e  v e l o c ity  at e ac h  p ix e l  ( ui, vi), th e n  w e  c an  e s tim ate  th e  s q u ar e  o f  th e  e r r o r  at e ac h
p ix e l  u s in g :
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We can also include a term related to smoothness at the pixel Pi using:
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These two terms combine into one error equation with the usual fiddle factor 8:

 ( ) ( ) ( )E p R p S pi i i
2 = + λ

We c an  g et a g l o b al  er r o r  b y  i n teg r ati n g  ( s um m i n g )  o v er  ev er y  p i x el  i n  th e i m ag e.  T o
f i n d  th e u-v v al ues  th at m i n i m i s e E ,  w e c an  d i f f er en ti ate th e er r o r  eq uati o n   w i th
r es p ec t to  u an d  v ,  an d  s et th e r es ul t to  z er o .  A tec h n i q ue c al l ed  th e c al c ul us  o f
v ar i ati o n s  c an  b e em p l o y ed .  I d o n ’ t ex p ec t y o u to  f o l l o w  th e r es ul ts  s h o w n  b el o w ,  as
th ey  g o  b ey o n d  th e s c o p e o f  th i s  c o ur s e.  F o r  th o s e w h o  ar e i n ter es ted ,  th e r es ul ts  ar e:
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and  and  ar e  t h e  av e r ag e  v e l o c i t i e s  o f  t h e  p i x e l s  t h at  ne i g h b o u r  t h e  o ne  b e i ng
c al c u l at e d.  T h e  r e l ax at i o n i t e r at i o n t ak e s  p l ac e  o v e r  e v e r y  p i x e l  i n t h e  i m ag e  u nt i l  a
s t ab l e  s o l u t i o n i s  f o u nd.  A n al t e r nat i v e  t o  i t e r at i ng  o v e r  t h e  e s t i m at e s  b as e d o n t w o
f r am e s  i s  t o  u s e  a s e q u e nc e  o f  f r am e s :

u x y t u x y t f
x Q

v x y t v x y t f
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Challenges in Motion Estimation

It m u s t b e  n o te d  th a t m o ti o n  e s ti m a ti o n  i s  a  c h a l l e n g i n g  p r o b l e m .  M o ti o n  e f f e c ts  a r e
l o c a l  a n d  v a r y  th r o u g h o u t th e  f r a m e .  T h e  u s e  o f  2 D  p r o j e c ti o n  o f  th e  3 D  w o r l d  to
c a l c u l a te  m o ti o n  i s  i n c o m p l e te  a n d  i m p e r f e c t.  P r o b l e m s  s u c h  a s  o c c l u s i o n  a r e  d i f f i c u l t
to  a v o i d .  T e m p o r a l  v a r i a ti o n s  i n  f r a m e  c o n te n ts  m a y  b e  d u e  to  c h a n g e s  i n  i l l u m i n a ti o n
a n d  s h a d o w s  r a th e r  th a n  o b j e c t m o ti o n .  N o n e  o f  th e  a l g o r i th m s  d e s c r i b e d  a b o v e  c a n



-8-

handle t hes e p r ob lem s .  T he u s e of  op t i c al f low  allow s  dens e m ot i on di s t r i b u t i on t o b e
der i v ed,  how ev er ,  t he t ec hni q u e i s  as s oc i at ed w i t h one m aj or  p r ob lem  c alled t he
ap er t u r e p r ob lem .  B ec au s e t he alg or i t hm  i s  b as ed on loc al i nt ens i t y  v ar i at i ons ,  i t
c au s es  loc al am b i g u i t y  i n t he der i v ed m ot i on f i elds  as  i ndi c at ed i n t he f ollow i ng  f i g u r e.
D i f f er ent  di r ec t i onal m ot i on of  t he ob j ec t  c an r es u lt  i n t he s am e loc al m ot i on
es t i m at i on w i t hi n t he hi g hli g ht ed ar ea.  T he p r ob lem  c an only  b e r es olv ed b y  u s i ng
hi g her  lev els  of  p r oc es s i ng  t hr ou g h ob j ec t  r ec og ni t i on.

MPEG Video Coding - an overview

M ot i on es t i m at i on p lay s  a k ey  p ar t  i n M PE G  i m ag e c odi ng .  M PE G - 1  i s  t he s t andar d
f or  s t or ag e and r et r i ev al of  m ov i ng  p i c t u r es  and au di o on s t or ag e m edi a.  M PE G - 1
p r ov i des  a nom i nal dat a s t r eam  c om p r es s i on r at e of  ab ou t  1 . 2  M b i t s  p er  s ec ond - t he
t y p i c al C D - R O M  dat a t r ans f er  r at e - b u t  c an deli v er  dat a at  a r at e of  u p  t o 1 , 8 5 6 , 0 0 0
b p s .  M PE G - 1  di s t i ng u i s hes  f ou r  t y p es  of  i m ag e c odi ng  f or  p r oc es s i ng :  I ( i nt r a- c oded
p i c t u r es ) ,  P ( p r edi c t i v e c oded p i c t u r es ) ,  B  ( b i di r ec t i onally  p r edi c t i v e p i c t u r es ) ,  and
D - F r am e ( c odi ng  b as ed on di s c r et e c os i ne only  p ar am et er )  i m ag es .  

I-frames (Intra-coded frames)
T hes e ar e s elf - c ont ai ned i m ag e f r am es ,  c oded w i t hou t  t he need f or  r ef er enc e t o ot her
f r am es .  U s e J PE G  f or  I- f r am e enc odi ng .  L ow es t  c om p r es s i on as  no t em p or al
r edu ndanc y  ex p loi t ed.  Pr ov i des  p oi nt s  f or  r andom  ac c es s  i n an M PE G  s t r eam .
P -frames (P redi cti v e-coded frames)
T hey  r eq u i r e p r ev i ou s  I,  P f r am es  f or  enc odi ng  and dec odi ng .  T em p or al r edu ndanc y
i s  ex p loi t ed t hr ou g h b loc k  m at c hi ng .  O nly  m ot i on v ec t or s  and s m all di f f er enc e of  t he
m ac r ob loc k s  b et w een t he r ef er enc e and t ar g et  ar e enc oded.   F or  m ot i on es t i m at i on,
t he alg or i t hm  ai m s  t o f i nd a near b y  m ac r o- b loc k  ( M B )  s u c h t hat  t he s u m  of  t he
di f f er enc es  of  t he lu m i nanc e c om p onent  of  M B  and t he t ar g et  m ac r o- b loc k  i s
m i ni m u m .  S i nc e m ot i on v ec t or s  of  adj ac ent  m ac r o b loc k s  of t en di f f er  only  s li g ht ly ,
only  t he di f f er enc es  ar e enc oded.
B -frames (B i -di recti onal  frames)
T hey  ar e b i - di r ec t i onal f r am es  f or  s ear c hi ng  i n p as t  and f u t u r e f r am es  f or  m ac r o b loc k .
It  als o f ac i li t at es  b ac k w ar d p lay b ac k .
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To allow  au di o c om p r e ssi on  i n  ac c e p tab le  q u ali ty ,  M P E G -1  e n ab le s au di o data r ate s
b e tw e e n  3 2  an d 4 4 8  K b p s.  M P E G -1  e x p li c i tly  c on si de r s othe r  stan dar ds an d
f u n c ti on ali ti e s,  su c h as J P E G  an d H . 2 61 ,  su i tab le  f or  sy m m e tr i c  an d asy m m e tr i c
c om p r e ssi on .  I t also p r ov i de s a sy ste m  de f i n i ti on  to sp e c i f y  the  c om b i n ati on  of  se v e r al
i n di v i du al data str e am s.  N ote  that M P E G -1  doe sn ’ t p r e sc r i b e  c om p r e ssi on  i n  r e al
ti m e .  F u r the r m or e ,  thou g h M P E G -1  de f i n e s the  p r oc e ss of  de c odi n g ,  i t doe sn ’ t de f i n e
the  de c ode r  i tse lf .  The  q u ali ty  of  an  M P E G -1  v i de o w i thou t sou n d at r ou g hly  1 . 2  M b p s
( the  si n g le -sp e e d C D -R O M  tr an sf e r  r ate )  i s e q u i v ale n t to a V H S  r e c or di n g .
M P E G -2 ,  the  di g i tal te le v i si on  stan dar d,  str i v e s f or  a hi g he r  r e solu ti on — u p  to 1 0 0
M b p s— that r e se m b le s the  di g i tal v i de o stu di o stan dar d C C I R  60 1  an d the  v i de o
q u ali ty  n e e de d i n  H D TV .  A s a c om p ati b le  e x te n si on  to M P E G -1 ,  M P E G -2  su p p or ts
i n te r lac e d v i de o f or m ats an d a n u m b e r  of  othe r  adv an c e d f e atu r e s,  su c h as those  to
su p p or t H D TV .  A s a g e n e r i c  stan dar d,  M P E G -2  w as de f i n e d i n  te r m s of  e x te n si b le
p r of i le s,  e ac h su p p or ti n g  the  f e atu r e  r e q u i r e d b y  an  i m p or tan t ap p li c ati on  c lass.  The
M ai n  P r of i le ,  f or  e x am p le ,  su p p or ts di g i tal v i de o tr an sm i ssi on  at a r an g e  of  2  to 8 0
M b p s ov e r  c ab le ,  sate lli te ,  an d othe r  b r oadc ast c han n e ls.  F u r the r m or e ,  i t su p p or ts
di g i tal stor ag e  an d othe r  c om m u n i c ati on s ap p li c ati on s.  A n  e sse n ti al e x te n si on  f r om
M P E G -1  to M P E G -2  i s the  ab i li ty  to sc ale  the  c om p r e sse d v i de o,  w hi c h allow s the
e n c odi n g  of  v i de o at di f f e r e n t q u ali ti e s ( sp ati al-,  r ate -,  an d am p li tu de -b ase d sc ali n g 2 ) .
The  M P E G -2  au di o c odi n g  w as de v e lop e d f or  low  b i t-r ate  c odi n g  of  m u lti c han n e l
au di o.  M P E G -2  e x te n ds the  M P E G -1  stan dar d b y  p r ov i di n g  f i v e  f u ll b an dw i dth
c han n e ls,  tw o su r r ou n d c han n e ls,  on e  c han n e l to i m p r ov e  low  f r e q u e n c i e s,  an d/ or
se v e n  m u lti li n g u al c han n e ls,  an d the  c odi n g  of  m on o an d ste r e o ( at 1 6 k H z ,  2 2 . 0 5
k H z ,  an d 2 4  k H z ) .  N e v e r the le ss,  M P E G -2  i s sti ll b ac k w ar d c om p ati b le  w i th M P E G -1 .
Thou g h the  r e su lts of  M P E G -1  an d M P E G -2  se r v e d w e ll f or  w i de -r an g i n g
de v e lop m e n ts i n  su c h f i e lds as i n te r ac ti v e  v i de o,  C D -R O M ,  an d di g i tal TV ,  i t soon
b e c am e  ap p ar e n t that m u lti m e di a ap p li c ati on s r e q u i r e d m or e  than  the  e stab li she d
ac hi e v e m e n ts.  Thu s,  i n  1 9 9 3  M P E G  star te d w or k i n g  to p r ov i de  the  stan dar di z e d
te c hn olog i c al e le m e n ts e n ab li n g  the  i n te g r ati on  of  the  p r odu c ti on ,  di str i b u ti on ,  an d
c on te n t ac c e ss p ar adi g m s of  di g i tal TV ,  i n te r ac ti v e  g r ap hi c s ap p li c ati on s ( sy n the ti c
c on te n t) ,  an d i n te r ac ti v e  m u lti m e di a ( di str i b u ti on  of  an d ac c e ss to e n han c e d c on te n t
on  the  W e b ) .  M P E G -4  v e r si on  1 ,  f or m ally  c alle d I S O / I E C  1 4 4 9 6,  has b e e n  av ai lab le
as an  i n te r n ati on al stan dar d si n c e  D e c e m b e r  1 9 9 8 .  M P E G -4  ai m s to p r ov i de  a se t of
te c hn olog i e s to sati sf y  the  n e e ds of  au thor s,  se r v i c e  p r ov i de r s,  an d e n d u se r s,  b y
av oi di n g  the  e m e r g e n c e  of  a m u lti tu de  of  p r op r i e tar y ,  i n c om p ati b le  f or m ats an d
p lay e r s.  The  stan dar d shou ld allow  the  de v e lop m e n t of  sy ste m s that c an  b e
c on f i g u r e d f or  a v ast n u m b e r  of  ap p li c ati on s ( am on g  othe r s,  r e al-ti m e
c om m u n i c ati on s,  su r v e i llan c e ,  an d m ob i le  m u lti m e di a) .

The  p r e c e di n g  M P E G  stan dar ds hav e  m ai n ly  addr e sse d c ode d r e p r e se n tati on  of
au di o-v i su al i n f or m ati on .  M P E G -7 ,  on  the  othe r  han d,  f oc u se s on  the  stan dar di z ati on
of  a c om m on  i n te r f ac e  f or  de sc r i b i n g  m u lti m e di a m ate r i als ( r e p r e se n ti n g  i n f or m ati on
ab ou t the  c on te n t,  b u t n ot the  c on te n t i tse lf -the  b i ts ab ou t the  b i ts) .  I n  thi s c on te x t,
M P E G -7  addr e sse s asp e c ts su c h as f ac i li tati n g  i n te r op e r ab i li ty  an d g lob ali z ati on  of
data r e sou r c e s an d f le x i b i li ty  of  data m an ag e m e n t.  Thu s,  the  c om m on alti e s b e tw e e n
p r e v i ou s M P E G  stan dar ds an d M P E G -7  r e ly  on  the  f ac t that p r e v i ou s stan dar ds c an
u se  M P E G -7  de sc r i p ti on s to i m p r ov e  the i r  f ac i li ti e s of  c on te n t de sc r i p ti on .  Thi s m e an s
that w e  c an  u se  M P E G -7  i n de p e n de n tly  of  the  othe r  M P E G  stan dar ds - f or  e x am p le ,
c on c e p tu ally  a de sc r i p ti on  m i g ht e v e n  b e  attac he d to a c e llu loi d f i lm .


