
UNIT-II

Textcompression

Itistheprocessofreducingtheamountofdataneededforthestorage
ortransmissionofagivenpieceofinformation.

A technique known as compression is firstapplied to the source
informationpriortoitstransmission.Thisisdoneeithertoreducethe
volumeofinformationtobetransmitted-text,faxandimagesorto
reducethebandwidthrequiredforitstransmission-speech,audioand
video.

Compressionprinciple

 sourceencodersanddestinationdecoders.

 losslessandlossycompression.

 Entropyencoding

 Sourceencoding

The basicprinciplesoftextcompression are setoutto achieve a
reductioninfilesizebyencodingdatamoreefficiently.

sourceencodersanddestinationdecoders

Priortotransmittingthesourceinformationrelatingtoamultimedia
application,acompressionalgorithm isappliedtoit.

Thisimpliesthatinorderfordestinationtoreproducetheoriginalsource
information,amatchingdecompressionalgorithm mustbeappliedtoit.

The application ofthe compression algorithm is the main function
carriedoutbythesourceencoderandthedecompressionalgorithm is
carriedoutbythedestinationdecoder.



Fig.sourceencoderanddestinationdecoder

(a) Softwareonly(b)specialprocessor/hardware

LosslessandLossycompression

Losslesscompression:-Inthecaseoflosslesscompressionalgorithm
theaim istoreducetheamountofsourceinformationtobetransmitted
insuchawaythat,whenthecompressedinformationisdecompressed,
thereisnolossofinformation.Losslesscompressionissaidtobe
reversible.Anexampleoflosslesscompressionisforthetransferovera
networkofatextfile.

Losslesscompressionalgorithmsusestatisticmodellingtechniqueto
reducetherepetitiveinformationinafile.Someofthemethodsmay
includeremovalofspacingcharacter,representingastringofrepeated
characterwithasinglecharacterorreplacingrecurringcharacterswith
smallerbitsequences.

Lossy compression:-the aim oflossy compression algorithm is
normallynottoreproduceanexactcopyofthesourceinformationafter
decompressionbutratheraversionofitwhichisperceivedbythe
recipientasatruecopy.exampleoflossycompressionareforthe
transferofdigitizedimages,audio,andvideostreams.Anyfinedetails
thatmaybemissingfrom theoriginalsourcesignalafterdecompression
arenotdetectable.



Entropyencoding

Entropyencodingislosslessandindependentofthetypeofinformation
thatisbeingcompressed.Itcreatesandassignsauniqueprefixcodeto
eachuniquesymbolthatoccurintheinput.

Runlengthencoding

Thistypeofencodingisusedwhenthesourceinformationcomprises
longsubstringsofthesamecharacterorbinarydigit.Inthisthesource
stringistransmittedasadifferentsetofcodewordswhichindicatesnot
onlytheparticularcharacterorbitbeingtransmittedbutalsothenumber
ofcharactersorbitsinthesubstring.Thenprovidingthedestination
knows the setofcodewords being used,itsimplyinterprets each
codeword received and outputs the appropriate number of
characters/bits
e.g.outputfrom ascannerinaFaxMachine

000000011111111110000011
willberepresentedas

0,71,100,51,2
Ifweensurethefirstsubstringalwayscomprises0s,thenthestringwill
berepresentedas7,10,5,2.

Statisticalencoding

AsetofASCIIcodewordsareoftenusedforthetransmissionofstrings
ofcharacters.
However,the symbols and hence the codewords in the source
informationdoesnotoccurwiththesamefrequency.
E.g.instringoftext AmayoccurmorefrequentlythanPwhichmay
occurmore frequentlythan Z and so on.Therefore the statistical
encodinguses asetofvariablelengthcodewordswiththeshortest
codewordusedtorepresentthemostfrequentlyappearingsymbol.
Itisnecessarytoensurethatashortercodewordinthesetdoesnot
form thestartoflongercodewordotherwisethedecoderwillinterpret
thestringonthewrongcodewordboundaries.Toavoidthisacodeword
mustpossesstheprefixproperty.Exampleofthispropertyis Huffman
encodingalgorithm.

Sourceencoding



Differentialencoding

Thistypeofcodingisusedwheretheamplitudeofavalue/signalcovers
a large range but difference in ampltitude between successive
value/signalsisrelativelysmall.

Insteadofusingasetoflargecodewordstorepresenttheamplitudeof
eachvalue/signal,asetofsmallercodewordcanbeusedwhichindicate
thedifferenceinampltitudebetweencurrentvalue/signalbeingencoded
andimmediatelyprecedingvalue/signal.

Eg ifthedigitizationofanalogsignalrequires12bitsbutthemaximum
difference in amplitude between successive sample ofthe signal
requiresonly3bits,thenbyusingonlythedifferencevaluesasavingof
75%ontransmissionbandwidthcanbeobtained.

Itcanbeeitherlosslessorlossy.

Ifthenumberofbitsissufficienttocaterforthemaximum difference
valuethenitislosslessotherwiseitislossy.

Transform encoding

Itinvolves transforming the source information from one form to
another,theotherform lendingitselfmorereadilytotheapplicationof
compression.

Thetransform istypicallylossless.

Thistechniqueisusedinanumberofapplicationincludingimagesand
video.

Itisusedtoconvertspatialimagepixelvaluestotransform coefficient
values.

Thedigitizationofacontinuousmonochromaticimageproducesatwo
dimensionalmatrix.Aswegofrom onepositioninthematrixtothenext
themagnitudeofeachpixelvaluemayvary.Therateofchangein
magnitudeasonetransversethematrixgiverisetoterm knownas
spatialfrequency.

Foraparticularimagetherewillbemixofdifferentspatialfrequencies
whoseamplitudearedeterminedbytherelatedchangeinthemagnitude
ofthepixel.

Ifwescanthematrixineitherhorizontalorverticaldirection,itgives
risetothetermshorizontalandverticalfrequencycomponentsofthe
image.



Discretecosinetransform techniqueisusedforthetransformationof
two-dimensionalmatrixofpixelvaluesinto an equivalentmatrixof
spatialfrequencycomponents

Fig.transform coding

(a) Pixalpattern(b)DCTtransform priniciples



DCTtransform principle

Textcompressiontechnique

StaticHuffmancoding

Thecharacterstringtobetransmittedisfirstanalysedandthecharacter
typesandtheirrelativefrequencyisdetermined.

Thecodingoperationinvolvescreatinganunbalancedtreewithsome
branchesshorterthantheother.Thedegreeofimbalanceisfunctionof
relativefrequencyofoccurrenceofthecharacters.

TheresultingtreeisknownasHuffmancodetree.Itisabinarytreewith
branchesassignedthevalue0or1,binary0fortheleftbranchand
binary1fortherightbranch.

Thebaseofthetreeisknownasrootnode.

Thepointatwhichbranchdividesisknownasbranchnode.

Theterminationpointofabranchisknownasleafnodetowhichthe
symbolsbeingencodedareassigned.

Thecodewordsusedforeachcharactersaredeterminedbytracingthe
pathfrom therootnodeouttoeachleafandformingastringofbinary



valuesassociatedwitheachbranchtraced.

Huffmanencodingexample

(a)Codewordgeneration(b)Huffmancodetree

Huffman code tree varies for different set of characters being
transmittedthereforereceivermustknownthecodewordsrelatingtothe
databeingtransmitted.

Thisisdoneintwoways,oneisthecodewordrelatingtothenextdata
aresentbeforethedataistransmittedandthesecondisthereceiver
knowsinadvancewhatcodewordarebeingused.

A flowchartofasuitabledecodingalgorithm isshowninfigure.The
algorithm assumesatableofcodewordsisavailableatthereceiverand
thisalsoholdsthecorrespondingASCIIcodeword.

Thereceivedbitstream isheldinthevariableBITSTREAM andthe
variablecodewordisusedtoholdthebitsincodewordwhileitisbeing



constructed.OnceacodewordisidentifiedthecorrespondingASCII
codewordiswrittenintothevariableRECEIVEBUFFER.Theprocedure
repeatsuntilallthebitsinthereceivedstringhavebeenprocessed.

Decodingalgorithm

DynamicHuffmancoding

StaticHuffmancodingrequiresboththetransmitterandthereceiverto
knowthetableofcodewordsrelatingtothedatabeingtransmitted.But
withdynamicHuffmancodingthetransmitterandthereceiverbuildthe
Huffman tree and hence the codeword table dynamically as the
charactersarebeingtransmitted/received.

Encoderstartsbyreadingthefirstcharacter,sincetreeisempty,itsends
thefirstcharacterin uncompressed form.On reception ,sincethe
decodertreeisalsoempty,itinterpretsthereceivedbitstringasan
uncompressedcharacterandproceedstoassignthecharactertoits
treeinthesameway.

Theencoderfirstcheckswhetherthecharacterisalreadypresentinthe
tree.Ifitis,then theencodersendsthecurrentcodeword forthe
characterinnormalway,ifitisnotpresentthentheencodersendsthe



currentcodewordfortheemptyleaf.

Ifthecharacterisalreadypresentinthetree,thenthefrequencyof
occurrenceoftheleafnodeisincrementedbyunity.

Toensurethatboththeencoderanddecoderdoinaconsistentway,
firstlisttheweightsofaleafandbranchintheupdatedtreefrom leftto
rightandfrom bottom totopstartingattheemptyleaf.Thetreeisleft
unchanged,iftheyareallinweightorderotherwisethestructureoftree
ismodifiedbyexchangingthepositionofthenodewiththeothernodein
thetree.

Letusassumethatthedatatobetransmittedstartswiththefollowing
characterstring:thisissimple

Bothtransmitterandreceiverstartwithatreethatcomprisestheroot
nodeandasingleemptyleafnode(aleafnodewithzerofrequencyof
occurrenceassignedtoitszero(0)branch.

Thereisalwaysoneemptyleafnodeinthetreeanditspositionand
codewordvariesasthetreeisbeginconstructed.





Arithmeticcoding

Huffmancodingusesaseparatecodewordforeachcharacterwhereas
arithmeticcodingyieldsasinglecodewordforeachencodedstringof
charcaters.Arithmeticcodingencodesdatabycreatingacodestring



whichrepresentafractionalvalueonthenumberlinebetween0and1.

Thefirststepistodividethenumericrangefrom 0to1intoanumberof
differentcharacterspresentinthemessagetobesentandthesizeof
theeachsegmentbytheprobabilityoftherelatedcharacter.

Eg.Considerthetransmissionofamessagecomprisingastringof
characterswithprobabilitiesof

e=0.3,n=0.3,t=0.2,w=0.1,.=0.1

weassumethemessagetobeencodedisthesinglewordwent..

Arithmeticcodingprinciple

thecharacterehastheprobabilityof0.3andhenceassignedtherange
from 0.0to0.3,thecharacternalsohasaprobabilityof0.3,therange
from 0.3to0.6,thecharacterthasprobabilityof0.2andhencethe
rangefrom 0.6to0.8andsoon.

Thefirstcharactertobeencodedwisintherangefrom 0.8to0.9hence
therange0.8to0.9isitselfsubdividedintofivefurthersegments,the
widthofeachsegmentagaindeterminedbytheprobabilityofthefive



characters.

Rangeofsymbol=lowerlimit:lowerlimit+d*probabilityofsymbol

Whered(difference)=upperlimit–lowerlimit

0.8to0.9rangetheupperlimitis0.9andlowerlimitis0.8sothe
differencedis0.1

Nextrangeofsymbol=0.8:0.8+0.1(0.3)

i.efrom 0.8to0.83

thisprocedurecontinueuntiltheterminationcharacter.isencoded.

Atthispoint,thesegmentrangeof.isfrom 0.81602to0.812

Hencethecodewordforthecompletestringisanynumberwithinthe
range

0.81602≤codeword>0.8162

Thedecodercanfollow thesameprocedureasthatfollowedbythe
encoderto determinethecharacterstring relating to eachreceived
codeword.

Ifthereceivedcodewordis0.8161,thendecodercandeterminefrom
thisthattefirstcharacterisw(becauseitsrangeis0.8to0.9)

Thisprocedurethenrepeatsuntilitdecodestheterminationcharacter.

Lempel-ziv(LZ)coding

Itusesstringsofcharacters,insteadofusingasinglecharactersasthe
basisofcodingoperation.Eg.Intextcompression,atablecontainingall
thepossiblecharacterstringsthatoccurinthetexttobetransferred
heldbyboththeencoderanddecoder.

Insteadofsendingthewordasasetofindividual(ASCII)codewordthe
encodersendsonlytheindexofwherethewordisstoredinthetable
and onreceiptofeachindex,thedecoderusesthisto accessthe
correspondingword/stringofcharactersfrom thetableandproceedsto
reconstructtextintoitsoriginalform.

Thusthetableisusedasadictionaryandthealgorithm isknownasa
dictionary-basedcompressionalgorithm.



ThebasicrequirementwiththeLZ algorithm isthatacopyofthe
dictionaryisheldbyboththeencoderandthedecoder.

Itcanberelativelyinefficientifthetexttobetransmittedcomprisesonly
asmallsubsetofthewordsstoredinthedictionary.

HenceavariationoftheLZalgorithm hasbeendevelopedwhichallow
thedictionarytobebuiltupdynamicallybytheencoderandthedecoder
asthecompressedtextisbeingtransferred.

Mostword–processingpackageshaveadictionaryassociatedwith
them whichisusedforbothspellcheckingandforthecompressionof
text,theycontainintheregionof25,000wordsandhence15bits
(32768combination)arerequiredtoencodetheindex

Eg.tosendtheword‘multimedia’dictionaryrequirejust15bitsinstead
of70bitswith7-bitASCIIcodeword.

Shorterwordswillhavealowercompressionratioascomparetolonger
words

Lempel–ziv-walsh(LZW)coding

TheprincipleoftheLempel–ziv-walsh(LZW)codingalgorithm isforthe
encoderand the decoderto build the contents ofthe dictionary
dynamicallyasthetextisbeingtransferred.

Initiallythedictionaryheldbyboththeencoderandthedecodercontains
onlythecharacterset(i.eASCII)thathasbeenusedtocreatethetext.

Theremainingentriesinthedictionaryarethenbuildupdynamicallyby
boththeencoderanddecoderandcontainthewordsthatoccurinthe
text.

Eg.Ifthecharactersetcomprises128charactersandthedictionaryis
limitedto4096entries,thenthefirst128entrieswouldcontainsthe
singlecharactersthatmakeupthecharactersetandtheremaining3968
entrieswouldeachcontainstringsoftwoormorecharactersthatmake
upthewordsinthetextbeingtransferred.

Eg.Thetexttobecompressedstartswithstring:

Thisissimpleasitis…..

Initiallythedictionaryheldbybothencoderanddecodercontains only



the individualcharacterfrom the charactersetbeing used (128
characterintheASCIIcharacterset)

Hencethefirstwordintextissentbytheencoderusingtheindexof
eachofthefourcharactersT,h,i,s.

Whenencoderreadsthenextcharacterfrom thestring(firstspace
character),itdetermines thatthis is an alphanumeric characters
thereforeittransmitsthecharacterusingindexasbefore,inadditionto
thisitalsointerpretsitasterminatingthefirstword.

Similarlythedecoderonreceiptofthefirstcodeword,readthecharacter
storedateachindexandcommencetoreconstructthetext.Whenit
determinesthatthefifthcharacterisspacecharacter,itinterpretsthis
asaworddelimiterandproceedstostorethewordthisinitsdictionary.

Thesameprocedureisfollowedbyboththeencoderandthedecoder
transferringtheotherwords.

FigureLZW algorithm



Fig.LZW compressionalgorithm (a)basicoperation

(b)dynamicallyextendingthenumberofentriesinthedictionary



Withstaticdictionarytheno.ofentriesisfixed.eg.Thedictionary
contains 25000 words require 15 bits to encode the indexbutin
dynamicallydictionaryatthecommencementofeachtransfertheno.of
entriesissettoarelativelylowbutwhentheavailablespacebecomefull,
thentheno.ofentriesisallowedtoincreaseincrementally.


