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Absiraci Iniegraied muliimedia Systems praiess iext. graph- 
ics. and oiher discreicmcdia as  well asdigiml audio. and video 
data. Considerable amounts of graphics, audioand video daia 
in iheir uncompresscd form.-especially moving pictures. re- 
quire siorage and dipiial network capacitics rhar will not bc 
available in  ihe near furure. Nevcrtheless, local. a well as nei- 
workcd. muliimedia applications and sysierns have bccome 
realiiies. In order iocope wiih ihesc Storage andcommunica- 
iion rcquircmcnis i n  such inicgraied muliimediasysicms, com- 

. . . prcssion rcchnology ir essetiiial, This ljapcrssi&is y i i i i  a bricl : 
. . , '1: . .!notivati&n ojliie needf8r~dmpre&ion an8 subsequ'entii statcs . . 

iI?c c s ~ ~ n i i a ~ r c ~ u i r c m c n i s  Tor ihcse icchniq'ues in.ihc scope ol  
inuliiniedis sysicms and applications. As mosi of ihese iech- 
niques apply ihe same principles. namely. ihe source. eniropy. 

. and hybrid coding fundamcnial% ihcsa arc explained in detail. 
Bascd qn $ :e-ralf~angvork qf ihc sicprwicounicred in  n . . . . 
cornprcssion syStCm -daLa prcparalibn. processing. quaniiza- . . ' 

. . ii(1n. 2nd eniropy codiog -:ihisp?per ouili;i,cs dcii~[s.ab?hi 
- rhc iechriiqua i c k 1 6 ~ c d  by CClTT (H.261:' i:c.. pxG),  in 

ilic ISOIIEC (JPEG. MPEC) siaiidardizaiion bodics and ihc 
l>rl)priciary üV1 systciii. 

KCY words: Muliimedia dai? - Comprcssjon - VPEG - JPEG . . . . . . . .  . . .  - H.261 2 DVI ' '  

A multimedia sysiern is characierizcd bylhe computu con- . . . . . . . . .  
irollcd iniegraied gcneration, manipulaiion, preseniaiion. stor- 
age. and cornmunicaiion of  independcni digiial informaiion 
(Sieinmeu 1993).T?1is informaiion is mosiofien coded in con- 
iinuous - iirnc dcpendent - media (e.g.. audio. video) as well 
as discrete - time indcpcndeni - media (c.g.. iext. graphics)~ 
W e  siorage of uneompressed graphics. audio. and vidw daia 
rcquires considerable capaciiy. In ihe casc of u n c o m p m d  
vidm. such Storage is ofien not even fcasible with ioday'sCD 
iechnology. 'ihe same is wc for muliimedia communicaiions; 
rhe daia iransfer of uncomprersed video daia over digiial nei- 
works occupics very high handwidih spccially if  ii is used for 
poini-to-poini communicaiions. In order io providc fcasiblc 

and cosl effective s~lurions. rnosi muliimedia sysiems hnndlc 
cornpressed digiial video and audio daia sireams. 

Many compression techniques exisr (ACM 1989. 1991: 
Aravind 1993: IEEE 1992a.b; Lu 1993) that are in pari coni- 
petiiivc and in  pari coinplemeniary. Mosl of ihem arc used in 
iodny's producls. while olhcr nicihods arc still h i n g  devel- 
oped or are only partly realized Iscc also (IS&T/SPIE 1994)) 
WJicrcasIracial iina:ccomprccsi<wi ( B ~ n s l e y  2nd Hurd 1993) 
!niihi be rclevani in ilic iriorc diiidni luiur~.'!odiy 3n: in !hc. : .. . . .  . . 
ncar.<;iiwe the'mbsi inipor;ani c6kprcskion i&hriiqucs aic' 
Joioi Phoiographic Experis Group (JPEG) - h r  imagcs sec, 
JPEG (1993). Pcnnebaker an11 Miichell (1993) and Wallacc 
(1991)-. H.261 px64. forvidcosccLeGall(1991) andMPEG 
(:1993)-. Moving Piciures Erpcris Group (MPEG) [for video 
2nd audio (liou 1991 ; .CCITi .  IYYO)] andproprieiarydcvcl~ 
Opmcnis include Digital Vidco loicraciive (DVI) - forstill.im- 
hgcs,audio. and vjdeoserHarncy ci'al: ( I ? ? ! )  In.13 Indco: 
MErosoft's video l6r windriws. IBM'.; Ultimotion Mailncc. 
Applc's QuichTiinc «r DigiC-iphcr II dcvclopcd hy Gcncr:il 
lnsiruiiiciii\ 2nd KTXrT 

I n  i!icir daily work..devclopcrs and muliiincdio cxpcris 
rnusi olien undersiand ihe mosi p o p u l a r i c t h n i q ' ~ ~ ~  verywell. 
Mosi o l  ioday's liicraiurc iseiiher supcrficialpr d+icatcd to 
onc of ihe komprc<sion iechniqucs rneniioned. which is dc- 
scribcd from a very spccific poinr of  vicw. Inihis ariicle. how- . 

. . 
ever. the~os(.eklevantiEchAiquc\ (IPEG;~.T~'I;MPEG. bGl)  
arcdescribed in wderioclarify ihciradvaniage-s and disadvan- 
tagcs. iheir common abitiiies and difrcrmcrs, and.iheir suit- ,, . 

abiliiy lor ioday's muliimedia sysiems. Therefore this paper 
prescnis a derailed overview of various compression schemes. 
making use of iheir commonaliiies io provide ihe rcader with 
an understanding o l  iheir goals, inicrnals. and fcaiures. 

Noie ihai in this paper ihe ienns coding and compression 
are treaicd as synonyms. 

Fini. a shon moiivaiion for Ihe need of compression is 
given a d  ihen somc requirements for ihcsc iechniques arc 
d d v e d .  In Scci.4 sourcc, enuopy. and hybrid c d i n g  16-h- 
niques areexplaincd in deuil. while Sec&. 5-8 provide demils 
o n  JPEG. H.261. MPEG and DVI respcciively. 
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2 Motivat ionand requ iynen ts  . :  . . -. An uncompressed ~ i e r e o n u d i ~ s i & l @ ~ ~  quali lyissam. . .  .,; . . .  . . . . .  . . .  . . .  . : . .  .: I .  

. . 
. . . .  . . .  . . . -  p l & i i  a 'mk  of44. l 'k~z 'aha is 'q"a~i i¿al wi ih i 6  biik 

.,. :. . . . . .  sampl* . (. :,- . . .;-., . . J .  ..L. .. ...: . . . .  : '  . . . . .  . . 

' 16bie =1764mfiiies/;, . No$only is a huge siorage required. but the da@ raiesfor ihe ,daia,raie =2  X .-: X 
. . . . . . .  . . . . . .  . . .  ,;uo"iinic+tion .of tont inipus mcdia ais also sj&mfi@n~'as,: . . s 8 b i t / by te '  . . . . . .  ... . . . . . . -'. : .  Ule illusuate in  this scctio'n (~la$e' ial .  ~ 1 9 9 1 : : ~ ~ w i c h - a n d " ~  ' stor=ge ruluiredls 176400 byies/s.x 

. ' I  S ' ' 

Sleinmetz 1991). With specific numbm. weclarify the.quali- 1024 bytes/KB 
cative tiansiiion from simple iexi i o  full motion videodaia and ;torage reguiredls = 172 KB , ', ,.;: ~ ~ ~ . ~ ~ ~ f o ~ ~ p . ~ ~ i o r i ; ; ~ : : , . ;  ;,.:,..-::..;,:.I: ,T ... ::::. .:. ~: . . . . . . . . .  j:.:. .. :: Y . : .  :;,; ......V. .'.:: ;.!;. : '..:. .:. .:.!': .. "*L: ... 

. . . . 
-ns of bmparabiliiy .bf the'diffe,en;~edia,ihe - The.European phase aiiernaie iine (PALI siandar 

following calculaiions are based on a iypical image formai o f  defined 625 !ines arid 25 framesls. The luminance arid 

. . .  WO X 480 pixqip 9" a v r w n  , ~ Q "  ~ 6 w e  spe,cific assump iheolo~bif fe.re?~e siznals..are $ncoded?c~antely..The rc- .- . . .  
i iÖ& asriaied i n  ihe individual paragraphs: suliing digiial dala streams are iransfomed using a mulii- 

- For ihe represencaiion of re~r,  2 b y i a  are used for each p l c~ ing  icchnique (4:2:2). Corrcsponding to  ihc CCIR 601 
chracier(allowing forsome ~~i~~ language variants). ~~~h ~ i u d i o  sbndard for digital video (CCIR 1982) a sam~lin:! 

is displayd by 8 8 wllich is su~ficieni raic of 13.5 MHz is used for luininancc Y Tlic sainpling 

for thc display ofASCl1 characicrs. raic for chrominancc (R-Y 2nd B-Y) is sinallci. 6.75 MH,.. 
hccausc ii is not as iiiiporlani as ilic luininin:incc Y Tlic 

640 X 480 rcsuli is a uniform Rhii coding of  cacli samplc. i c  , 
charactcrs pcr screen pagc = = 4800 

8 X 8 ( 1 3 5 M H ~ +  675MH,.+ h 7SMHz) X 8 hii\ 
sioragc rcquircd pcr scrccn = 4800 X 2 hyics = 9600 hytcs = 21 h X 10' hits/s 

. . . .  
sioragc rcquircdpcrscrccn z 9.4 KR . . 

Hicli dclinition ic lcvisi~~n (HDTV) d<iuhlcs i l ic  iiuiiihcr 01 
. . Iriics 2nd uscs an.ay>cci ~; i i jn. i>I '  1019 -1'li1< Ic:id\ io ;i d.1l.i 

L For illc prc<cn!~~i!?n 01 ~ ~ C C J ~ V ~ ~ U , ~ / ~ ~ C . ~ .  2 iyl?~cal \i!iI #~ti:!:~.. . . 
I c d  I C 5 37 I i I .'. . . . . . .  

. . ix~oii;iio\.cd bf 500:linci (BI& ci 'il. 199 1 )  l i . ~ q l i  l i i i c  I\ -rv. 
' . dclincd hy i;s horizonial'position. its vcriicril p&iiii,n. 2nd 

I?ir a \,idco scquciicc iii i w r  c~: i i i i [ i lc siich i i~  ii ic \:iiiic 
:in X-hii i i ir ihuic ficld. l'lic hori~onial axib 15 rcptc\cnicd 

icsoluiionas uscd in tlic oilicrcxainplcs«1 (M0 X 48Op1rcls. Iii 
hy I 0  biis llog2(640)],'ihe vcriical axis is codcd wiih 9 hiis 

. . ., .. . . 'Europc weencounier 25 i,magcs/s. Wc cncodc ihc luininanrc. 
[10gd480)1. . . .. . . . . : : ,  . . . . . . .  . . . . . . . .  ' and chrominancco[ca'h pixcl in 3,hyics 

. . . :  . . 
. . . . 

, . .  , , . .  

biis pcr line = 9 biis + 10 biis + 9  biis +.I0 bils + 8  hiis data rate ='64@.x . . .  480.x 25 x3hyt~%/s =23 040!l@,hy1~s/s, ... . . .  . , ., .,. . . .  , , .... . . .  .... . . . . .  \ 

. . . =:46 &V<s . . . .  - . - .  ,. :. . . . . 
. . . .  

' ' . sioraic rcquircd/s = 23.040000 hyics/s 2 ' 

46 1024 hyic>/KI3 
sioragc requircd pcr scrccn = 500 X - hyics = 2875 hyics 

8 siorafc icquircdls = 22 500 KU 

ncccssary sioragc pcr scrccn z 2.8 K B  
Thc sioragc and throughpui rquircmcnts o l  i corripuicr 

. . . .  . ,  . , .  . : sysicrnihat proccsws siill imagcs and in  panicular coniinu- - . 
- 1" vcry i i h p l c c o f o r d ~ ~ l a ~  rnodesasinglepixcl olabiri;mp media are illusiraled by these fcw cxanlplcs, ln casc 

can bcrepresented by 256 differeni colors, therelorc I byic o( proceising of ,incompres;& daia strcam;in an 
per pixel is neuied. integraicd muliimedia sysiern lcads to secondary siorage re- 

.......;.. . . . . .  " . . . . . . . . . .  ................ . . . . . . . " .  , :,. . .: .- , .......L~.. : . q~re~en&:infierangeOf~(leari[~giga~yi& annd innm.e ii$nngeof- 

siorage rcquired per screcn = 640 X 480 X I byic mcgabyies lor bufler siorage. The ihroughpui in a multirncd~a 

. . .  = 307.200, b.ytes .. , . ". , , :, . .  , , . . . sysiem can be as high as.140 Mbugs. which.hw.Lo be.iwns. . . . . . . .  ,., . 
lcrred beiw&ndilferenisysicms. Ni i ihcr today nor in ilic ncar 

siorage rcquired per scrccn = 300 KB 
fuiurc can icchnolocv achieve this kind o l  daia iransfcr rair -. 
wiih reasonably priced hardware. However. ihe usc o l  appro- 

nexi exmples cOniinuous media arid dcrivc Ihe priaie comprcssion icchniques considcrably reduccs ihc daia 
amouni o l  sioragc rqu i red Tor I s of  playback: iransfcr raics (Nciravali and Haskell 1988: Rabbani and loncs 
- An uncompressed audio signal o l  iclephoncqualii~ 1s Sam- 1991) and loriunaiely research. dcvcloprneni. and siandard- 

pled ai 8 kHz and quaniized wiih 8 b i s  pcr sam~lc.  n l i s  izaiion havc progrcssed in  ihis arca during ilie lasi lew ycars 
lcads io  a daca sircam 01 64 kbiisls (ACM 1991). 

Somccomprcssion iechniques Tor dilfereni media aremcn- 
64 X 1024 biü/s I s 

storage requiredls = X tioned oftui i n  liieraiure and in producr descriptions: JPEG lor 
8 biu/byte 1024 byies/KB still imagecompressionand H.261 (px64) Tor videoconlcrenc- 

siorage rquircdls = 8 KB . ing. Addiiionally.someaudiocoding icchniques developcd for 



. . .  . . . .  . . . . .  
. . . . . i & e g r a t d . $ ~ & ~  digitäl necworks (I.;DNsj.and mobiloccuk i '..- 1'" orikr-teriiake & , i i n k i c i t  sÖllrti& ~ssibl;;.rodi;ig,:'. . . . . . . . .  .t. "'. . . .  

. . . .  ; m ~ ~ c a t i o n c . !  ?4so ..&ed-for lhe ~pmpsgio~'of:@.;:. ... :.: i h a  &, mlitaf. ~ E i n g . ~ f t y e ~ ~ , ~ . a . ' d r q  and j&v- '.":' 
' , " :' ' ',. .' and mlisik. ~ E G  i s  used &*i.iii& and audid c 8 m p ~ ~ i i .  quai i4 s o ~ d b n )  or very laiges&le integcation (-1) . 

; - whil'eDYI can be used forst i l l  imagesas wellas forcontinuous (for high, qualiiy). . . 
. . i!. inedia. BW bnüs. ts0f  h ' d i f f e rea t  n i od~s  for video qding. - Ii should be'pos3ible 10 generat~.da&.o? on t  mul[imdin : . 

. prcstnta&n I&el'vid& (PLV); ana real-1inie:video (W. sy$pin ind kprod"ce this dataon anorher sys&i. Thecom- 
' 

~ o m ~ r e s s i d n  in  muliimedia sysiems is subjeci to e i n  ' 
pression i&hnique should be compatible. This compatibil- 

'constraints.Thcqualiiy ofihecoded.andlaicron.decodeddaia i iy is relevant in  ihe case o f  iuioring progra&available on 

. .  , . . . .  . s h o ~ ? ~ ~ . ~ . g ~ , . . p o ~ , s . i . ~ ~ .  @.oray~m+qp.y!;5ff~1i-: ::.:.:,:.%CI. b ~ ~ ~ ~ ~ a m ~ l c . i i t : ? ~ & ~ . ~ @ ~ ~ ~ ~ ~ ~ c ~ ~ c d a . ~ - : ~  
implamentaiion possi~e.thecomplexiiy o f  h e  iechnique U&' on diffeicni sysiems, ihus beingindependeniof thc manu-. 
should be minimal. The pracessing o f  Ihe algoriihm musi not faciurers. As many. applications exchange muliimedia daia 
exceed certain time spans. . . . . . . . . . . . . .  . . .... . ............. , .............. , . . . . . .  ..usiw cpmlii~n.icaliqn n~Lwo~ l rs .~be f0 rn~~b i l i l ~ . .~ f :com- . .  . .... 

F ö r  eacli comprission 1echnique;'ihere are requiremencs pression techniques'is required. Standards such as those o f  
ihai differ from ihose of  other iechniques - see. for example. ihe Comiit Consuliatif Iniernaiionale de Telegraph e i  Tele- 
ihe requiremencs vf MPEG (1993a). One can distinguish be- phonie (CCIlT). the Internaiional Siandards Organi-ration 
iween requiremenis o i  applicaiions in a "dialoguc" modc and (ISO) and the Europcan Coinpuler Manufacturin: Associ~ 
in  a "rcirieval" mode. Some iechniques likc px64 arc morc arion (ECMA) andlor dc facto siandards ar6 used io  rcici i  
suitable for dialogue applicaiions (wiih ihc samc. symrnciric. t l i i s  compaiibiliiy. 
effon for compression and decompression and a limiied de- This sei ofrcquiremcnis is i iken into accouni i o  a varying 
lay). Oiher icchniqucs. like ihc D V I  PLV mode. arc optimizcd extcni hy thc various c6mprcssion schemes. 
for usc in retricval (morc iinie and effori rnay hc cxpended In ordcr io  clarily ihcsc various schcnlcs in thc Collou,. 
during oliline cornprcssion in favor of  fasi rcirieval and d c  ing scciion ihc disiinciion herwccn source coding and cniropy 
compression). codirig is l i r s i  iniroduced wii l i  respcci i o  ilic hybrid iiicili«ds 

In a dialoguq applic;iii«n, iI,c lellowin: rcquirc,ircnis discusscd Iaicr oii. 
. . .  . . . . 

. . . . .  . .  : . . . 
based.on-hurnan pc rSp ihn  cliarac~criiri& rnvri k . c<~ns id~ .  . . . . . . . .  . . . .  .... . . . . . . .  .... . . .  :.,, . . ' .'. , ? ' :  ..... . . .cr*i: ::: . . . . . . . . . .  . . . :. ? : . . 

. . .' 3 Source, ciilrupy, ~ i ; d  I iyhr id cricoding ' . . ' 

- In general. 1h.e ovcrall endiio~end delay sliould noi cxceed 
I SO ms. However, ihc cornprcssion4cco1nprcssion dclay ' Comprcssion iecliniqucs Iii in10 diffcrcni caicgorics as shown 
should be rduced Lo approximaiely 50 ms for face-10-jace in  Table I. For thnr  usc in muliimedia sysiems wc can d is i i n~  

. . dialogueapplicaiions. 'Ihc oveiall erld-16-cnd .delay addi- ' gi,jsh beiween eiirropy. sourCe, arid li)-br;d eiicodi;ig: Enir,jpy 
. . 

. ., . iionally compriscs any..delay in. thc neiwork..in ihe com- . cncodirig i s  a .l6sslfss" ,,r&ess yh i l t sou r c i  Cncoding i s  :i 
municaiion protocol processing a i  ihc end sysiem. and in "lossy" proccss. Most'muliimedia sysiemg .U% hybiid. lcch:. . 

. . . . .  . . 
..:ihe h m o n s f e r  f rovand  . . . io  ihe _.., ~ p t c i i r c  . . . . .  inpui ind $lput.., : niqi+<ihai c,mbiMtionsof ihc iyo. . . . .  -- ... . . .  . . . . . . . .  . . . "  , deyitcs.. . : 

Enrropyeiicodiiif i s  uscd for inedia reiardlcss of ihe i rspc~ 
For a reiricval iimdc applicaiion ihc following deni:inds cific characicris~ic~ n i c  daia sircam io bc comprcssed is co i i ~  

arisc: sidered a simple d i ~ i i i l  scquencc and ihe semaniics o f  i l ic 
- Fast forward and backward daia rcirieval wiihsimultaneous daia are ignorcd. Eniropy encoding is  an examplc o f  losslcrs 

display should be possible. This allows a search Tor ihe encoding as !hecle~omp.~cssion process regcneraies ihe daia . . . .  ., . 
informalion rhai iiYn8eded in ihes i  media- compleicly. Run length coding is an example o f  eniropy en- . 

- Random iosingle images and audio frames of a daia coding Ihat~isused for data compressiiin infilc,sysie.ms. still ' 

' 

siream should be possible. making the accsss time less than images as facsi 
. . . ....... 0.5s. This acces.~~ould. k. fasier .+,i.na ymveniional. ;;:.cess: .; . . . . . . . : . . . . . . . . . . : .  .: ;:: 

CDaigilal-audio sysiem in o rde r~o  mainiain the inicraciive 
characier o f  ihe applicaiion. . . daia. Tbc deg!eeqbompress/o.p iha1.can.k rea~he6.b~.  sourCe . . 

- ,The dec&preS.ion b f  imagis.vide6.6r aiidi6'shoUld be e&oding dcpends on ihe data conienis. 1" ihe case of lossy 
possible wiihoui ilic knowledge of othcr data uniis. This compression icchniques.aone-way relaiion bciwccn theorig- 
allows random access and ediiing. inal daia siream and ihc cncoded daia siream exisis; ihe daia 

For boih lhe dialogue and ihe reirieval mode ihe following sireams are similar but not identical. The different source en- 
requircmencs apply: coding icchniqucs makc extcnsivc use of  ihe characierisiics 
- In  order 10 suppori scalable vidco in different sysicms. ii i s  o l thc specific medium. Forcxamplc. i n  the casc ofspcech. a 

necessary i o  dcline a formal indepcndent o f  framc size and Uanslormaiion of time i o  frequency domain followed by ihe 
vidco frame rate. encoding of ihe formanü subslaniially reduces ihe amouni o f  

- Various audio and video data rates should be supponed; data. Formanrs are dciined as k i n g  ihe maxima o f  ihe voicc 
usually lhis leads 10 different qualiiics. Thus.depcnding on specinim. I n  mosicases three io  i ive formanü aresufficieni 10 
spccilic sysiem wnditions. thedata raics can be adjusicd. rewnsinici ihe original signal i n  the time domain. Tbc major 

- Ii murt bc possible i o  synchronizc audio data wiih video pmblem is ihe corrcci reproduciion o f  the iransitions bciween 
daia as well ar wiih oiher media. individual voicc uniis in  tlie time domain. 
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;; 
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otqdjng.ii?py*ri&r~&hi~~~for: . L.' qnpi&i+ .&kludes i h e . ' i r i ~ l b y ~ - i ~ ~ i r a l  .t6iiv+i&'; ". ' ' .. 
, gerieraung an approprile digiial repksentbuon of ihe in- 

? '  ..fo+iion. A piclure i s  divded in* bloqks oE8 X 8 pixd?,.. , .. :,I 
. . . .  3 . .  . . . . i. ..... I . . .  : ' ~ + ~ - n t ~ b ~ . a f i x c d ~ & b c r . o f  bits per'pixel.; : .  f . - .  : . . I , . .  J,: .,:. ....... -.~dn:ltil&npqing: . . . ' .  , . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . ~ .  . . .  . . . .  . . . . . .  . :... . -- Pmcessinj i s  & tud l y t h i  fiiJiste6 bf the combrc&ion.that - . 

m&es usc of sophisticated algonchrns. A DCT can &s- 
m 'die time t o  the frequency domain.,!nicrf*e, . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  

or ia '~%d&'f~&xfi -of  lh&%' i?%bl&'lis: - ' . '  
pr&esses the resulü of  Ihe prcvious step, 

prcsision. li defines the resolution of ihe 

be considered as the equivalence o f  the companding p-law 
and the A-law thai apply to audio dau  (Jayant and Noll 
1984). In the transfomied dornain. the cocfficicnts are dis- 
tinguished by their signipc?nce. Tor cxarnple. thcy could bc 
quantizcd "sink adiricrent nurnher oT hits pcr coefficicni. 

- Etrlropy encoding i s  usually tlie last sicp in 0u.r rcfcrcncc 
schcme asshown in  Fig. I. ltcornpresscs a sequential digital 
datasircam wiihout loss. Forcxnnip1c.a scqucnccoTrcros in 

a daia strcam can beco~nprcsscd by spccilying thc nurnher 
o i  occurrcncc? iollowed by ihc zcro i i sc l i .  

P~oc~ssing ilnd quaniizaiion can hc itkatcdscvcral iimcs 
. . 

s s ~ d ,  a's in thc C - f  ol.ad;ipiivc dillcrcncc . . ~~ 

. . .  tioii ( ~ ~ l ~ ~ ~ ~ . ~ l i < ; i c o t ~ ~ ~ ~ ' ~ , ~ s s l n n .  . . l hc< l i s  . ' 

cd i i i i i ,  :i <l:iia sircaii i . lor i-x~ii i l>lc. ;LI ilic 
sisriin: poini ol ;in iiriagc. Afi idcnii l ic~lion o l i l i c  c<i t i i l i rc~ 
siori icchnique used may he part al t l i is daia sirkam: thc crror 
correciion codc may also beadded: Figure I show5 1hc.com. 

, . 
pression prbcess appl id  to an imagc. ihe sarnkplin~iplccan 

DVI R1.V.DVIPLV ' . 
. ,. 

. . . . . .  ' b c  applied 16 vidC6 and aüdiodal'ä. . . . . . .  
. . 

~ e ~ . ~ r n ~ ~ ~ s ~ ~ n i , ~  thc,invcrm yroce$s oicom~rcssioh::~he . . . . .  
: . . .  . . . . .  . . : . ~  . . . . . . .  . . 

. . . . .  . , .. . . . . . . . . . . . .  . . : . .  . . sp~ific ~ndexsa~d .decod i r s  can fi(ntti0n.iii.&f?i0k Wayi:; . . .  . . ..: .., . . . . . . .  . . .  .. 
symmeiric npplications. e .~ . .  dialofuc applicaiions. should hc  

Mim- 
aLea Pnure 

cliarncicrizcd hy niorc or lcss ilic sainc costs Tor cncodin: 2nd 
wure R m r a l m  decoding. In ihc casc oT asyiiiiiictric icchniqucs. tlic dccod~ 

in:, process is  lcss cos(ly thanthe encoding proccss. This i s  
Fig. 1. Major stcps of dau cornprcssion 

, . .  . . .  . . . . .  
uscd lor applications inwh ich  thc data arc eornprcssed only 

~ . . 
once and Tor which a m ~ l e  time is available; the daia are dc- 

. . . . . . . . . . . .  . . : : . c~m~re~sed f r cqu i i t b ;  arid ipeed is requircd. An  audio-visual 
~ c o n t c ~ t ~ r e d i c i i ~ n ~ e c h n ~ u e c a n  makeuse. for example. program will be produCd ,once, bul will,be used, , . . . .  . . . . .  o f  spatial redundancies within still images, O~~r .~echn i$ucs  ..~:,:by many stodeitii I wil(~..d&.&,,iäny firnes 

~..uansfom~.fhe-spa~i~ld~ma~nn~rifoa&oäimensional fr&qu&cy In lhis case. real.iimedecodine is reauirement, 
domain by using the discreie cosine transrorm (Dm) Lew w ~ i ~ r ~ F  i?c$,ng n~ednoc be real-time. ~ h i s a s ~ m ~ t n c  pro-  . . . .  
f requencies~cr i ,ne,~ ' :average." .col~. thei~fo~~t io~ orhigh can be exploiicd in order io  incrcase the qualiiy o f  the 
Trequencies contains s h q  edces. Hence. low Trcquencies are :-.,npc 

much more iinponani thin the higher ones. which is a key 
Teature uscd i n  DCT-bascd cornpression. 

Table 1 shows some examplcs of coding and compression 
techniques that are applicable to muliimedia applications in  
rclation 10 thc entropy. source. and hybrid coding classifica- 
tion. For Ihe reason o f  a M t e r  and clearer view o f  Ihe hybrid 
schernes we wi l l  identify in  all of them a set oC typical pro- 
cessing sieps. 

Figure 1 shows ihis iypical scquence o f  operations per- 
formed in the compression of still imaga. video. and audio 
dah s m m s .  The following four sieps describe ihc compres- 
sion based on thc exarnple oT tlic rnedia image. 

.... " &--. 

The understanding oT this exploitaiion as well as thc 
schernes uscd in muliimcdia Systems requires knowledge o i  
somc hasics in this arca. which arc prcscntcd in  the ncxi sec- 
tion in  thc Tomi oTan ovcrvicw. 

4 Some barie compression techniqus 

Hybrid compression lechniques are a combination of well 
known algorilhms and transfonnation iechniques Ihal can be 
applicd to rnultimcdia systcrns. For cxarnplc. all hybrid tech- 
niqucs shown in Talilc I usc cntropy encoding (in tlie Torm o f  
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. . . .  . . . . . . . _  . . . . :. .- . :. 
' 1 nür-lengch erlrlcodini i h d h i a  ~kLdifai.~pi+i~n',ioi$6$:,i: :& ~ f i r i c d : i i b ~ e ~ r a i . Z  d +.of ' ~ b . k r : & c h  biock.. , .__ .: : -&&& , (hnialuand'W& ' (,&)),.' . .  " "' . . . .  

. .-V./ . . thC iable e'htry ~;ithih;'&ost siiiiiarpmtin is.i&&fisd: G c t i  , ' 
. . . n i e  simplesi comprw ion  techniques are based on inrer- . Pattern in ihe iable is.asx>cialed wi<h an indeir. Such a Uble 

. . .  ! poeipn and'suhsampling, He,rc.$ is p i h l e  IO makc U? of . .  a n  b c ~ u l t ä i r n ~ ~ i o n a l ;  io this-tt& ij+.wiil b cqkv i~ j r . .  . . . . . .  . .  . . .  
. . .  F. he j ~ i f i c . R h ; s i o l ~ g ~ d h ~ ~ i ~ &  o f &  km* =ye.or :: : ' . ~ ä & o d e i  L.&.-= 6b1e togenenic an ipfi&x!mdtiori . .  . . .  . . . . .  

.ear.;he h&ai eye iS mok-se&itivc iochang& in brightnes6 . - ofthtoriginal da& skeam. For hi&er detaiis and refinemenis 
. ' b n  locolor changes. Therefore it is ieasonable todivide ihe sec. e.g.. Gray (1984). 
i k g e  in10 a luminance,wmponep~ (Y) and iwochrominance Alechniquc ............ h a t  can @ .u$,for ~l,e?mprefsio.n: sub-., . . .ti,nueMiigb*'d' 'Vr..: :',. .~ ,. .;: ' . . . . . . . . . . . .  - : : .  s . " . .......... . . . .  r i ~ : y ~ j ~ 3 6 ~ : + @ ; ~ ~ ~ ~ ~ : ~ : i ; ~ i : : . , ~ . s i ~ u i & :  &"glSbyi&f&;"ptte~$ ~tii:f&@ini~$.~,~ . . . . . . . . . . . .  .- . .  
U = B - Y, V = R - Y inst&d'~fusing red. greci, and blue parfern subsfifurion mplaces, for insiance, theterminal sym- 

are sampled bols o f  high-level languages (Begin, End. If). Wi ih ihe use 
.:. ............ ,. o i  arreseapebyie; a larget:riuirlbeiöf p i n i m i c ä n W  beroiisid-'. 
sollen con- e r d .  This escape byie indicales ihai an cncoded patiern wi l l  

lain sequenccsoiihesame byies;by replacingihese sequences iollow.The nexi byie is an index used as a refcrcnce to onc 
wiih ihe repciiiive byie paiiern and pr0viding ihe number OS out o i  256 words. Thc same iechnique can bc applied io  s i i l l  
occurrenccs. a subsianlial reduciion ofdaia canbe achicvcd. imagcs. vidco. and audio as well. I n  thesc media ii is noi i l iai. 
~ h i s i u i l  /&igrh codii;gis ind ic i i id  hy a spccjal ilag i h i i  does . casy io idcniiSy small scis o f  ITcquenily occurrine paiicrns. Ii 
noi occur as a pari o f  ihedaia sircam iisell. This flag byic can is ofien bciicr io perlorm an approximaiion ihai l w k s  lor t l ic 

also be any other o f  ihe 255 diifereni byies in ihe coinpressed mosi similar paiiern insicad o l  searching Tor ihe samc paiicrn 
daia sircam. To illusiraic sucli 3 "hyic siuiiing" wc dciine ihc in ciihcr casc lcading to ihc vcciorquaniiwiion describcd 
exclaniaiion mark "!" as such a spccial flag. A sinzlc OCCUT- Diaioinic eilcoditrg is a variation hascd on a comhinaiion 
rcncc o l  i l i i s  cxclaiiiaiion i i iart i s  inicrprcicd as a spccial ilag o l  iwo data hyics. Tliis icchniquc detcrmincs ihci i iosi  Irc- 
durjng dccoiiiprcision. T& qnsccu i i v~  cxclarnation rnarks qucntly occurring pairs o l  hyies. According io  thc anzlysi, 

: 3rC ipCcrprcicd.as an.cxcl:riii;!tion occurrip: iviiliip ihc da!% - of ilic E i i~ I is l i langun~c.  ilic inos!'Snqucntly ippc;iringp:iir\ .,, . . . . .  . . 
Y . . .  Thc ovqal l  run Isngi!) cod,ng pr6ccduicc~R ti< dcscrihcd a? .,d~~.<bc I?>I'I(>w&I (~~?Ic:.I~Ic~c are-.tka1~1<~.;nc!ddrdirl .I!;& p;iii\ . .  

,. . . . . . . . . ~. 
1011o~s~:11. idc"i(cal hyics occur 'c~nsccui i~cly 31, IcaslSour ''Ii". "T". '. A':. "S '.):' 

.. ",. .. ".I- [,.., .. *.., ..s .., ..RE,, ..{ N.., iinics. ihc.n"iiibcr oloccurrcnccs is  counicd. Thc comprcsscd and ''HE'' 
daia coniains tliis byie followed by ihe spccial nag and ihc Tlic rcplacctiicni ol i l icsc pa in  hy spccial singlc byies ihai di i  
number o f  its occurrc-es. This allows us io  compress. lrom noioccur anywhcrc clse i n  thc tex'le+ds io  a da13 rcduciion 

. ' 4 (0.259 by(cs i i i io rhrcc byics oiily. R c ~ c ~ b c r i n g  ihai ;C oSmorc thhn 10%. . . .  . . , . 

b rcc~mprcss~ng ai-lcasl.4 c6nsecuiivk bytoSth6:nukbir o r  , ' ~il~cr&ii charictcis ab &hav<io kc cödid wiih a 6xed 

.>  
F$rre?ces can siariwiih an:o+i 0[.~4.., Depending on i h 4  numborof biis. . . ThcMprsc alph?bet is b@ . . . . . . . . .  ,on.thisidea: I'rc-. 

. . ., . . .  .. . - . I g o r , i t h m . ~ n ~ b i . ~ o r ~ b f l ~ c ~ ~ ~ h e . ~ . ~ . & ~ ~ i n d i ~ ~ t ~ . l c ~ g i h . :  .... qucnil~&uirhn~~h~a~~er~~ccod~d-~iifishor<~rnri~~sand --.- 
In ihc iollow;ng cxaiiiple'ilic cliaraciei "~"occurs Cighi iirnes scldoin occu~ in~~harac ic rsarccod~d  ~ i t l< lon~erstr in~s.Srt i -  
end is "coinprcsscd" io ilircc characicrs "C!8": risrical crrcodi,,g dcpcnds on ihc frcqucncy o l  ihc occurrcncc 

Uncomprcsscd daia : ABCCCCCCCCDEFCGC 

nin . lengih . ccded :, AB.C!8DEFGGG. . . .  . . . . . . . . . . . . . .  

Run length encoding is a gcneralizaiion ofzero suppres- 
sion; ii assumes thai jusione symboiappears panicularly oftcn 
in  sequences. The blankin iexi is such a symbol; single blanks 

. . . . . ~ ; . . .  or pairrof.b~an~j . a r ~ i g ~ o r e d j S ~ ~ g ~ ' ~ i l h : i ~ ~ j ~ u ~ ~ & " ~ ~  . .  

ihrce blanks. ihey are rcplaced by an M byie (e.g. an exlama- 
. 11op ,mqrk.cbaracicr.which.docs not.agpcar.in.ihi&ia.iisclf) 

and a byie ihai spcciiics ihe numberofblanksoithissquence. 
Sequcncesofthrcc 10 a maximum of258 byiescan bc reduced 
10 iwo byies. The numbcr o f  occurrences can bc indicated 
wiih an offsei o f  -3. Funher variations are"tabulaiors" used 
10 subsiiiuie a speciiic numbcr OS reros (or blanks). depend- 
ing on the relative posiiion wiihin a line and ihe definition o f  
different M bytes i o  specify a different numbcr o f  zcm byies 
(or blanks). The flag M 4  byte wuld. c.g.. replace 8 zero byies 
(8 = 2'). another M 5  byie w u l d  subsiiiuie a sequence o f  16 

o l  singlc characicrs or scqucnces ofdaia byies. Thcrc arc d i l -  
fcrcni iechniqucs ihai arc based on ihese siaiisiical methcds. 

-The mosi pr0mineni .a~ iiuffman and'ariiltmciic'encoding: 
Given thccliaraciers ihal musibeencoded i?g:lheywi<h ihe 

probabiliiy o f  their occurrenas; the Hif fman ooding (Huli- 
man 1952) algoriihm deierm~nes the optimal code using ihc 

. . . . . . . . .  
mifli.rriu'&n"h&r of~i~'.g,"e" itie .Pr,6 aWmi: the 
lengih (numbcr o f  biis)ofihe coded characiers wi l l  difler. In  a 

,given iex1.h shonesc C& isassigned tothowcharaciersthai . 

occur mosi lrequently. Todeiermine a Huffman ccde ii is usc- 
lu l  to consiruci a binary iree. The leaves o f  ihis iree represeni 
ihe characiers ihai are 10 bc encoded. Evcry node conlains the 
-relative - probabiliiy o f  ihcoccurrence ofone of ihe charac- 
iers bclonging io this subiree. Zero and I arc assigned i o  ihe 
edges o f  the iree. 

The following example illusiraies ihis proccss: 
- I n  Fig. 2 the characiers A, B.C. D. and E have the following 

relative probabiliiy o f  occurrence: 

zcm bytes (16 = Z5). Än M 5  byie followed b y ~ a n  M 4  byie p(A) = IO.p(B) = 30.p(C) = 5.p(D) = 8,p(E) = 6 
would represeni 24 z r o  byles. 

I n  C& o f  vecror qr<oniizafion, sec. c.g. Gray (1984). a - The characters wiih ihe lowesi probabilitia are combined 
daia sueam is divided inio blocks o f  n byies each (n > I). i n  ihc iirsi hinary irec; C and E are Ieavcs. n i e  combined 
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:.:_ : . .cbnsidMiig'riin iingih.@ng anii..ali thep'er mcchodk ... . . . .  . . 
- ' d w . n b d  so.far;the d i n g ' o f  identical symbols (bytes) &ai. . ;  ' ' . 

appear'repetitive!y and-consecuiivcly ccr<ainly.@ amajor ob- . , 

.... . s@miag imagq:+r!d vide&into ofhirs$cam.::; ;. i ,  .,: . . . . . . . . . . . .  
eiirfofrimrion i h e ~ r y ' ~ ~ i n c o i ~ i ~ \ L ;  with&ric'L&f~ '': : -.'.:'.:'' 

. . . .  
n'.1984; ~ennebaker e i  al. 1988). l ike ihe Huffnian 
iimal. Therefore the Iength o f  theencoded data 

. . . . .  . . . . . . . . . . . . . . .  sucam is.also ..rnini.~l.. Unlike. Huffmy c o + n $ ; , ~ ~ i c  '-+. , - i :  ':. .... i.: ..:. :.:. :.-. . , .::, .: .,2p-.& A n .  ~ ~ . ~ % : c a g i  -us:kha~;tra:~ './ ''"''.' 

" 

. . . . .  ,.. ; . . , ~ . .  . . . . "-"'-'cWdg 963 nun6i.encode &hysymbol sepaf'tely;. iniiead &=ti ' ' " . 
. . 

symbol is coded by considering the previous data. Therefore . . 
probabiliiyof their rooinodeCE is t l . T h e d g e  from node an encoded data siream musi alGays be r&d from ih 'ebeg j , :  ., ,. . ;.,,, : '. ................... ..:........ . .  

. , ..= tq,,n$de..,C i s  osigned:a,~land:-lhs edg6 fmm .OE.~O.E:: ~tiingiCOh~üCnily.'i&dÖ~~'au:ess is not possible. I n  PractiCe. . . . . .  
becomes a 0. This is an arbiirary assignment; iherefore. wiih the avcrage compression achicved by ariihmeiic and Huffman 
thc same dara one can gei different Huffman codes. coding i s  similar (Siorer 1988). 

. . . . . .  : .  . 
. . . . .  - m e  following nodes are lcft, Tratisforni encoding pursucs a different approach. Data i s  

iransformcd in10 annrhermaihemaiical damain ika i ismore 
suitable Tor compression. Thc inversc iransform musi cxisi 

~ g ~ i ~  ihe two ~ i l h  ihc lowest pmbabiliiies arc com. 2 n d  is known on encoding. The mosi widclyknown c'xamplc 

b i n d  inio a binary ihe A arid D arc such is ihe Fouricr iransform. which iransforms daia from thc iimc 

icavcs and ihc coinbined probabiliiy of their rooi AD is 18. in10 ihc frequcncy dornain. Thc rnost effcclivc iransforms for 

mc from AD io A i, assigncd I arid (hc edgc froni irnagc cornprcssion are ilic discrcte cosinc iransform (DCT) 
.p.~ iop. 0. NO~C: ,F thcrc arc ,,odcs ofdifrcrcni sub. (SCCI.'S.~) snd '(10 sotnc cxlcni) i t i e  Cast Fourier-iraniiOAii 

irces willi thc sainc prohahiliiics. t l ic~rces with ihc shoricst (FFT) ' . . , . . . .  . . 
. . . . .  .~ .. .  . . . . . .  . . .  

. . aiioxii.nal paili hctuccn.ili,cir roois.cind iIici?:nodcs sl~ouki hc. ,, , ~ " i i k c  i ~ ~ t i s l o r i ~ i  cncoding il ia! j&,risG;+s. oll iI.u:i inic? . . . . . . .  . . . .  . . 
. cGibir icd : r l i i ~ ' k cc~s  112 iodc lcn2i l in ior i  co;isi?nr .' ' . :ii~oilic'+d<im~iR. i l ic sclcciix~c >crrc;luciicy 'iiansTormaiion i i r i i  ' 

- Tlic t:ollowing nodcs arc  ich^ liniid co<lin:. considcrs ;i spcctral sclcciioii 0 1  tlic sien.il i n  

prcdcfincd frcqucncy h~ni ls  Tlic nurnber af  bnnds is an ini- 
p(AD) - 18,p(M) = 30, p(CE) 2 I I . poriani criterion [or.gual)ly. This lechnique is well-suiicd i n  
. . , . . . .  ne ,,des *ith.ihe imallc;iprobabi,,iics r;re'iD arid CE: .. ihccompics&n o'fspeechand oficn makesüsc ofihe FFf for 

. . . . . . . . . . . . . .  :.. . .  ~. ~ 

. . . ~ , , ~ ~ y . ~ ~ e ~ m b ~ n e d . m ~ ~  a b i n a r y i r k  thetombined proba- Ihc S~Cc'raI 'ltcring. " . ~ " "  ' ' 

bi l i iy o f  thei; rooi node ADCE i s  29. The edge from ADCE . . I n ~ l ~ d  o~mmprsssin$ sjnglobytes 01 squenc& of byies. ... . .  ..io A n i s  as s!g?, . . .  ao rnd thedgekomq~Cq, i > ~ s a  1; ...I.::$di@re&$ai e"egdi6gcan be.used.:Thk.is rko'k"Uwn'As": ..:... . ' . .  . . .  . . . . . .  ..._:..... . . . . . . - Tx.o n&j&.;rL leC,< .,. . '. . ' '. . . .  predicrio~~ or r~larive ericodit~i. Considcr ihe examplc oT a 
aequcncc ofclioracicrs wliosc valucs arc clcarly diffcrcnt Ironi 

p(ADCE) = 29, p(ß) = 30 rcro. bui whichdo not diflcr rnuch. In  ihis casc. ihccalculaiion 

Thcy arc coinbincd i o a  binary tree wiih thc rooi ADCEB. . 
. . .  the edgefrom ADCEB <oBis.assigned a L j lo  theedge 

from ADCEB i o  CEAD is assigned a 0. . . .  . . . . . .  
.' - Figure 2:shows there.kiilting~uffmari code in  the f o m  of 

a binary I r e .  The. resull is the following code lhai is riored 
. . . . ....... - ;  .: in,*.We; ....... ..; :.. ..:;.-.. ......... .,C!... ,. :.:. ..:,. :.: . . .  

. . .  . ,  . 

I f  the informaiion o f  an image can bc uansformed inio a bii- 
sucam. then such a table can be used io  wmprcss ihc data 
without any loss.The mosisimplc form to generatea biüiream 
is 10 code ihc pixels individually and read thcm line by l i nc~  
Note thai more sophisiicaid methods are usually applied as 
dcscribed in the remaining pari of  ihis Paper. Such a slream 

be deiermined for each image or Tor a se( o f  images. For 
vidms a Huffman iabk  can be uscd Tor a single squence of 
images. for a w t  o f  wcnes ar even Tor an enlire film clip. The 
m e  Huffman table musi be available Tor boih encoding and 
daoding. 

of ilic diflcrcncc io  tlic ~ircvious valucs could be prohiable 
@r .compr~s~or \ .  n i e  following explains .ihis echnique f w :  
different media: 

. . 
- Forstill imaga. the calcuiaied differentes k w e e n  nearby 

. . . . . .  pixels or pixel groups a l  Ihe edges represeni l a r p  valucs. . . . . . . . . . .  
:.:; .wkw.area9- wifi sih;lar ~ u ~ f i ; ~ a & ~ . n ~ ' & & ~ n ä , &  =rc 

. 

charactcrized by small values. A homogeneous area is  char- 
. . 

; , ? p e r i g  by a largc number of..zemsihai-muld be- funher. . . 
. .  

compressed using run-lengih cncoding. 

- nieuseofrciaiivccoding in  the time domain for videocan 
lead io  encoding o f  ihc diiferences from ihe previous im- 
age only. The background i n  newscasi and video telephone 
applicaiions ofien rcmains thc same Tor a long time. thcrc- 
fore the "diffcrcncc" beiwecn subscquent images i s  vcry 
small. leading io  a large sei of Eros. Another very popular 
iachnique ismorion compemation (Puri and Arauind 199 I). 
Blocks oC8x8 or 16x 16 pixels i n  consccuiive piciures are 
compared; Tor example. considcr a c a  moving from lefi to 
righi. An area furiher lefi in a previous picture would be 
very similar io  the same area of  the curreni piciure, where 
this "moiion" can bc idcntiiied by a motion vector. 



\ 
. . : . -. Audio iechniquer oftennpply d1ßerentiaipultc iode M- : .  iss* r o u g h q ~ t i n + 9 n o f . t h e ~ ~ ~ ~ i ~ d  in.&iagd .;; 

' . .. 1 .  u h b n  (D&) io a aeqiiurs of'pls<.codc ;M;dildwii . ..: . .with;toep . +:hagu+qpxtio~ 6f siich.pisagcs - 
. . . - -1 .' - ~ > - d . d ~ ~ l a ' ~ a y u i t ' u i d . ~ o I ~ ' l ~ ) :  11 k n& nei-" . . & hardly oonSidend ai 811. Fora signal wich permanently 

' . . e s s w  io siorc lhe whole number of  biis of each shple, I t  . . relaivcly low DPCM values. i.c.. 4 t h  few port iks of high' 
i s  sufficieni (o reprcsql only (he.fi?t PCM- swi~ple , . . ~ ~ n c ~ , Q o . f o d u ~ ~ l l ~ ~ i n c  4 smaltdocffitieai. :.: ' - . L , .  . . , . . . 

: . . :. . ara who~e~i'6kiyiiig as~;&ff+,w :!.I ;?hatby ag&ii-*oh 6i'tke d d n a n f  I&-&&~& ' . .. : . - ;' . prev& . , ': ' . . .  . . .  . 
iignal pk ions is giwiniccd. I f  high-haguency porti?is of - The&lra d u l o t i o n  @M) is a mod/fication of the DPCM Qe signal suddenly oeur in sucha Passage, a signal dis- 

. .. (Jayant 'nd Noll 1984); w ? , x d l $ g  t h ~ , d i , f f ~ n . ~ , . . i i  . . . .!?ho? i?  f 9 . o f  ., :. .a:skW . . , . ?c.rlwd ...- :: *ab: . $44'%'g .@I; . , .> .  
. . .. . :;: . ; .w*&fy.:& " C , t > i ~ ~ ~ ~ i ~ & i i s ~ * i h L ' s i 8 n 8 - i $ ~ ~ ~ . ' . ~ 8 " ~ ~ , ~ ~ ~ ~ O ~ ~ , ~ e g r e a t s t p o s s i $ ~ e . c ~ , a r i g e L 1 s i " g  ' .  

.. . . . . .  
. &kor daireas&.~is lea&io an in&& &ing ~f iheexisii'hg iiumberofbiis will noi belargee"oughto repre-, 

sieep edges.This techn,ique.is.parric~larly pr&table i f the ' . seni theDPCMvalue wich an ADPCM .,, . -lui . . .. _ Theiransi~~on: _.:. ..:. ... W . , , 

, . . . . . . . f o d i ~ ~ & ~ o ~ d e p c ~ a ~ ~ @ ~ n i ~ . ~ t h e ~ [ ~ " & j  :- . - öf ihSsi@iat'will be'j&dliiispossible to inser< a change . '. 
are small. a smallei number of biis i s  sufficieni. Differente of the coeficieni explicitly that i s  adapiively adjusied 10 ihe 

encoding is an imponant featureof iechniques U& in data during compression. Aliemaiively.. ihe decoderis able 
sysi&ms. ~ ~ ~ w ~ " d ~ l w  het~;>ds applied io images' io~alculaie the cocfficienls ilself from an ADPCM encoded 

. .. 
are described in ihe JPEG s ~ t i o n o n  losslesscompression:. . data stream..An audio signal wiih frcquenily changing Iic- . '  

of ihe compr~ssion iechniques described so far are quency poriions of extreme high or low frequencics i s  not 

based on known characierisiics of the data, e.g., sequenccs of veV suiiab'e for such an ADPCM encoding. In Ihe G.70 

byies occurring frequenily or [he probabil,iy ofthe occurrencc series of siandards, CCITT has siandardized a version 01- 

of ccriain bytcs. An atypical sequencc of charactcn will noi IhC ADPCM iechniquc using 32 kbiis/s iclcphonc ap- 

hc comprcssed usino lhese mcihods. plicaiions ihai i s  bascd on 4 hiis pcr samplc and an 8 LHL - 
sairipling raic. 

Adaprive compressioii techtiiques adapi a pariicular coni- 
prcssion technique io ihc pariicular da13 10 hC comprcsscd on Apari Crom thc qholc sctof bas,ic coillprc~sian!~ilniqu~\, , 

.: (hc n.y-~hisadapt+ipn Can.~iiliplcincßicd jri$ifl&r~&j$\..;.~;d~yr,i+a i~?Ihii.s&c!ioii. hm$$the! w'cll;k,noi.".s$!ni+Ci 
. . . . . . . , . .  . . .  . .. . . .. : . .  .. , . ..:. ... , . .: ,arc+isnMing uscd.i&i?:"., ::;,::! :. .. . . . . .  . . . .  . . .  

. InonCsiiuati'o". api&cli&d'~odi~S iahle cxisis. itichas:tlie .~ 
- Vidco comprcssion tcch'niques olicn uG co!ir Iook-uFI iii- 

onc invcnicd by.Huffman..For cach synihol io hc cncodcd. 
thc iablc coniains a corresponding codc and a counier in an 

hlcs (CLUT) to achicvc data reduc<ion. For insiancc in L; i r i i -  

paricrand Effclsbcrg (199I)and Lamparicrei al.(1992) ihis 
addiliooal column. T h i s  wunier i s  rcsei to Zero ai ihc be- . @niquc.is used in ~istributed.mdiim~i~s~slcms.  
gi~ning. For the fintsymbol io be encod'cd, ihe coderldkci . 

;,:!hecode from (he (a~le,,~n~e,eoun,er correspo,idide to .. . - A simplo ~aihniqu.c.f~audio.issilßncesupprcssi6ii: in ihk. 
' 

this (able enlry i s  increased by &ne. In ordcr 10 redu~e,ihe . case data.are.only encoded if ihe ~olume.lcvel. e.xcc+s ? 
. . . . 

ceridi~ t~aho ld . ' lh is  .?An.'& ie& .*.sp&a1 &aPi"ir. 
. a- ~ime:fci<.di< ihd/vidu?Knine$ h:ihe iable.:ihey iti. ' .: . . . . . ..... .. .. , . . . , .. .. . , . , . , . . . .  . . . . .  

-. , 1Cngih Cncbding. . " '  
. s&ed in.dcs'c&dini&dcr:o+(hc @aluksoiiihc acc0mpimy- 

ing counicrs. This procedure leads io ihe cncoding o I  ihc CClTT incorporaled somc of thc basic audio codin: 

frequcnily wiih ihc shoricsi schcmcs into thc (3.700 scrics of siandards: G.721 dcfincs ihc 

- A prominent adaptive compression iechniquc i s  adapriire 
PCM coding foraqualiiy of 3.4 kHzover61 Kbitslschanncls. 
Finally G.728 defines 3.4 ,kH& qyliiy o v q  lb~Piys.chan: 

. .. DPCM:(ADFM).,.Ii; is:a ."foll.~,w-qn':,de~elo~me~ of : . :  .- .: . - - -  . . . - .  - - .: . - 

DPCM. which isofien subsumcdunder<hea~mn~mDPCM. nels: variourau,jio Afal ei al. foding.&,,iqw,. (1993)'pmvide a more , . : - . 
defai~eddescri~iion . . . 

.,. of .. 

. . ~ c r e ' d i r r c r ~ ~ c s a r e  Gncodeduoihg a &all.niirnbu'of b i h  
only (e.g.. 4 biu):Thaefo&eiiher rough'i&tsitioris will I n  the following uctions . . . .  the . mos~"rclevant ioiageiginde&:cbding workin ihe is: 

, ..  , , . ,,',,a m : ~ p f r y t ~ y  < t t + i b i ~ ~ ~ . + n < .  bill. u i ~ i .  - 1 .  ; . .@W'~tikW.w 
highersignificance)or small changes a& cöded exacily (ihe ouilined. Id  ihe framewok o f  I S O / I ~ I I S C U W G 8  four 

DPCMencoded value Ge the le~.significantbi@). In  the subgmup . werc . . : . .  esiablishcdin..May .... .. ..:. 1988,: . $c;Jo/~l,Ph?!o: 
. .. 
: .. fini itie;&liil&n &f ,.o&i"dio ;i;n;li ,,;; be' ' graphk Expelii Group'(J~&) workingon coding aleoriihms 

sufficieni and in the wand case. a lass of high frequencies for still images. Joint Bilcvel Expert Gmup (JBIG) working. 

would -ur. ADPCM makes an adapfaiion io this"signifi- on Qe pmgressive pmcessing of "bilevc1" coding algoriihms. 

canee" f w  a parlicular daia sueam ar follows. Computa Graphics Expai  Gmup (CGEG) working on cod- 

The coder divida the of DKM samples by suir. 
ing principles and Moving Pictures ~ x p e r u  Group (MPEG) 

able cocfficieni arid the dader muliiplies ihe comprcs& working On the coded represeniation of motion video. ~ h c  

dara by ihe Same coefficient. i.e.. the siep size o f  ihe sinnal nexi section prcsenis the resulis of the JPEG activities. 

chan&s. ~eva~ueofthecoefficieniisa&~ied i o t h e D k M  
cncodedsignal by ihecoder. Inthecaseof a signal with high Note to the -der: For liiersture rcferuices and biography 
frquency. vay high DPCM coeficieni valua -ur. The of Qe author sec Part 2 o f  this arlicle which will be puslihed 
coderdeurniines a high value for thecoefficieni. 'Ihe rcsuli in  Qe nui issue. 




