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ABSTRACT

In this papemwe proposeafastandmemoryefficienten-
codingstrateyy for text imagecompressiotwith the JBIG2
standard.The encodersplits up the input imageinto hori-
zontal stripesand encodesne stripeat a time. Construc-
tion of the currentdictionaryis basedon updatingdictio-
nariesfrom previous stripes. We describeseparateipdat-
ing processefor the singletonexclusiondictionaryandfor
the modified-clasdictionary Experimentsshov that, for
bothdictionariessplitting thepageinto two stripescansave
30% of encodingtime and 40% of physicalmemorywith
a smalllossof about1.5%in compression.Furthergains
can be obtainedby using more stripesbut with diminish-
ing returns. The sameupdatingprocessesire alsoapplied
to compressingnulti-pagedocumentimagesandshaowvn to
improve compressiorby 8-10% over coding a multi-page
documentsa collectionof single-pagaelocuments.

1. INTRODUCTION

The JBIG2standardl, 2] is the new internationaktandard
for lossless andlossy compressiorof bi-level images.lt is

meantfor both text and halftonedata;a JBIG2 encoderis

expectedto segmentanimageinto differentregions[3] and
usedifferentcodingmechanismsor text andfor halftones.
We only considercodingtext imageswith JBIG2.

On atypical pageof text, therearemary repeatedthar
acters. We call the bitmap of a text characterinstancea
“symbol”’ To codeall the symbolsin the image,we first
selecta groupof representatiesand put theminto the dic-
tionary. We thencodeall the symbolsby referenceto their
closestmatchin the dictionary In our work we usethe
Hammingdistancebasedmatchingcriterion.

In JBIG2,codingof text is basedn eitherof two modes:
pattern matching and substitution (PM&S) [4] or soft pat-
tern matching (SPM)[5]. We focuson SPM-basedBIG2
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encoderdesign. Choosinga propersetof dictionary sym-
bols is essentialto coding efficiency. Previously we pro-
posedwo symboldictionarydesigntechniquegalledclass-
baseddesign[6] andtree-basedesign[7]. In this papemwe
combinethesetwo techniquego form a new techniquethe
modified-classlesign.Thisis moreefficientthanthe class-
basedechniqueandsimplerthanthetree-basedechnique.

To save physicalmemory JBIG2 allows the encodetto
split awhole pageimageinto horizontalstripesandprocess
onestripeat atime. Sincethereis strongcorrelationbe-
tweensymbolson the samepage,whencodingthe current
stripe,theencodercanreusesomeof thepreviousdictionary
symbolsfrom previous stripes.For this purposejn JBIG2,
atthe endof eachdictionary the encodersendsa 1-bit flag
for eachdictionary symbolto tell the decoderif this sym-
bol is to be retainedor discardedafter the currentstripeis
decodedIn this papemwe proposeadynamicdictionaryup-
dateprocedurego retainusefuldictionarysymbolsanddis-
card obsoleteones. Becausehe encoderdealswith fewer
symbolsat atime, this dynamicproceduraés morememory
efficientandfaster Furthermorethis procedurecanbe di-
rectly appliedto compressingnulti-pagedocumenimages.
We will shav that usingdictionariesfrom previous pages
leadsto 8-10%improvementin compressiorcomparedo
treatingthe pagesassingle-pagaelocuments.

This paperis arrangedasfollows. In Section2, we first
proposethe modified-clasgictionary design. We thenex-
plainhow to constructhecurrentdictionaryby dynamically
updatingpreviousdictionaries.In Section3, we presenbur
experimentakesults.In Section4, we drav conclusions.

2. STATIC AND DYNAMIC DICTION ARY DESIGN

In this sectionwe first briefly review the class-baseénd
tree-basedymboldictionarydesignfor JBIG2encoder$6,
7]. Comparedwith simplerdictionary formation methods
suchasone-passndsingletonexclusiondictionariesthese
two techniquesanimprove compressiorby up to 8% for
losslesaand17%for lossycompressioniespectiely.

To form the one-pasdlictionary the encodermatches



thecurrentsymbolwith all previoussymbolsandencodest
by referencdo its bestmatch.Thenit addsthe new symbol
to the dictionary One-pasglictionariescontainmary sin-
gletonswhich are symbolsnever referencedy ary subse-
guentsymbol[8]. They aredetrimentato codingefficiency
becausdlictionary indices are assignedo them unneces-
sarily, thusincreasinghe averagelengthof all indices. By
excludingsingletondrom thedictionary we obtainthe sin-
gletonexclusion(SE)dictionary Bitmapsof the singletons
arecodedby referenceo their bestdictionarymatchwhen
they occuronthepageithisis referredto asembeddedod-
ing in text regions[1].

To designthe class-basedCLASS) dictionary [6] we
follow two steps.Firstwe groupall thesymbolsinto classes
by pointing themto their closestmatches. For eachclass
we chooseonerepresentatie to go into the dictionary; all
othersymbolswill be codedwith embeddedoding. Then
we follow arecursve procedurdo groupall thedictionary
symbolsinto super-classes. We put all superclassleaders
into the directdictionary (bitmapscodedwithout reference
to ary otherdictionary symbol) and other dictionary sym-
bolsinto therefinementictionary(bitmapscodedwith ref-
erenceo anothedictionarysymbol)[1].

To designthe tree-basedTREE) dictionary[7] we first
computethe matchinggraphsbetweenall extractedsym-
bols. From thesegraphswe constructminimum spanning
trees(MSTs)usingKruskal's algorithm[9]. We putall root
nodesinto the directdictionary, all intermediatenodesinto
therefinementdictionary andall leaf nodesinto embedded
coding. We canalmostarbitrarily changethe TREE dictio-
nary’s sizeto obtainthe bestcompression.We do this by
increasingthe numberof leaf nodesby relocatingcertain
nodes’childrento their new parents.

In this papemwe considetanew dictionarydesignwhich
combinesthe CLASS and TREE designideas. We call it
themodified-clas§MC) design.Firstwe groupall symbols
into classe@ndchooseherepresentatiesasin the CLASS
design. Thenwe constructMSTs for all the representa-
tives. Thisimprovesoverthe CLASSdesignbecaus®STs
give betterreferencerelationshipsamongdictionary sym-
bolsthanthosegivenby superclasseg7]. The MC design
is alsocomputationallyfesscomplex thanthe TREEdesign.
Our experimentson twelve testimagesshow that, for loss-
lesscompressiorntheMC designis basicallythesameasthe
CLASSdesignwhile slightly worsethanthe TREE design.
However, in the TREE designthe encoderhasto exhaus-
tively searchfor the optimal dictionary sizeto achieve the
bestcompression.For lossy compressionthe MC design
achievesthe bestcompression.

Dynamic dictionary update: The fonts and sizesof
text charactersn oneinput pageare usually very similar.
Thereforejn pagestriping,we dynamicallyupdatethe cur-
rentdictionaryfrom previousones.

Updatinga SE dictionaryis straightforvard. For each
new symbolin the currentstripe, the encodermatchesit
with all dictionarysymbolsfrom previous stripesandwith
all previoussymbolsin the currentstripe. Theencodetthen
pointsit to its closesmatchandaddsit to thedictionary Af-
terthecurrentstripeis processedheencoderexamineshe
new dictionary andexcludesall singletonsfrom it. Those
dictionaryentriesfrom previous stripes,if not usedby ary
symbolin the currentstripe, are expunged. This way new
symbolsusefulfor the currentstripegetincludedin thenew
dictionary, andold symbolsthatareobsoleteareremoved.
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Fig. 1. Modified Kruskal's algorithm.

For the MC design the first stepis to form classesand
chooserepresentaties. This stepis carriedout on all new
symbolsandall existing dictionarysymbols. Thisway if a
pre-&isting dictionarysymbolis selectedasthe classrep-
resentatie, we do not needto encodeits bitmapagain. At
the next stepwe usethe modified Kruskal’s algorithmto
constructMSTSs. In Fig. 1 we illustratethe classicandthe
modified Kruskal’s algorithms. We shaowv previous dictio-
nary symbolsin gray andnewly addedonesin black. The
problemwith the classicalgorithmis thatthe MST in Fig.
1(a) includesthe four gray nodes;but in factthe reference
relationshipamongpre-e&isting symbolsis meaninglesbe-
causethe decodeihasthosebitmapsalready We modify it
asin Fig. 1(b). We first assumesachpair of existing sym-
bols haszero mismatchandis thereforeconnectedy the
dash-dottedjray edges.We thengo on andapply the clas-
sic Kruskal's algorithm. With the modifiedalgorithmeach
resultingMST is guaranteedo have at mostonegraynode
representingpreviousdictionarysymbol;someMSTsmay
have no gray nodesif they containsymbolsonly from the
currentstripe. If agraynodeexistsin an MST, we useit as
theroot; otherwisewe decidetherootasin [7].

3. EXPERIMENT AL RESULTS

3.1. Fastand memory-efficientencoder

In this sectionwe shav the savings in encodingtime and
memoryusagewhenpagestripingis applied. Our testim-



agesare from two sources:two 200-dpi CCITT standard
imageqf01 andf04); andten300-dpiimageyIGOH, JO0O,
NO3F, NO3H,NO3M, N046,N04D, N04H,N057andS012)
selectedfrom University of WashingtonDocumentimage
Databasé [10]. We comparecodingresultsusingthe pro-
posedupdatingproceduregor SEandMC dictionaries Our
experimentsare doneon a PentiumPro 200MHz, running
RedHat Linux 6.0, with 64MB physicalmemory Execu-
tion time (in sec)is measuredvith Unix “time” and peak
memoryusaggin % total systemmemory)with Unix “top”.
Ourcodewasnotoptimizedfor speedr memoryefficiengy.
Fig. 2 plots codedfile size,encodingtime, andpeakmem-
ory usageasfunctionsof the numberof stripesinto which
a pageis split. Theresultsshavn arefor imagef04; very
similar resultsare obtainedfor all othertestimages. As
the numberof stripesincreasesthe compressedfile size
goesup at a slow andrelatively constantpace. The slope
of eachline sggmentin Fig. 2 (a) representsodinglossper
stripeadded.The meanvalueof all theslopesstanddor the
speedat which the codinglossis beingincurred;the vari-
ancestanddor how steadilythelossis beingincurred. For
all testimagesthe meanvalueof the slopess 1.6%for the
MC dictionary and 1.3% for the SE dictionary; hencethe
codinglossperstripeis small. The SE dictionaryhasvery
low variances(on the orderof 102 or 10~2 percent)for
all twelve images. The MC dictionary shavs the samere-
sultson all imagesbut one. For encodingtime, on average
29% of encodingtime is saved whenwe treatthe pageas
two stripesinsteadof one;andreturnsdiminishwith more
stripes.For peak memory usage theaveragesaving with 2
stripesis 40% comparedo no striping. After 6 stripes,the
cunvesflattenoutbecauseachstripebecomesmallenough
thatthe memoryusedto buffer it no longerdominateshe
total memoryusage.In Fig. 2, we seethatthe“MC dict+3
stripes”schemg33543bytes)achievesthe samecompres-
sionasthe “SE dict+1 stripe” schemg33545bytes)while
the former schemeencode$3% fasterand uses54% less
memory In general MC dictionarieswith n + 1 orn + 2
stripesachieve approximatelythe samecompressioras SE
dictionarieswith n stripes.

3.2. Multi-page documentcompression

Multi-page documentimagesare a setof imagesscanned
from the samesource,preferablyfrom consecutie pages.
Theissuef compressingnulti-pagedocumenimagesare
addressedh [11]. In this sectionwe try the proposedlic-
tionaryupdatingstratey on multi-pagedocumentompres-
sion. We usethreetestsets. Two are from University of
WashingtonDocumentimage Databasd, one of 4 pages
(NO4H, N041, NO4L and NO4M) andthe otherof 5 pages
(NO1F, NO1G,NO1H, NO1l and N01J).They arefrom the
samesource but not from consecutie pages.Thethird set
is an 11-pagedocumentwe scannedn from [12], at 300

dpi. In Table 1 we shov compressiorresultsfor all three
setsusingthreecodingstrategyiescombinedwith SEor MC
dictionaries.Stratgly A encodegheimagesasanuncorre-
latedsetof single-pagelocumentsStrately B useshedic-
tionarydesignedrom thefirst pageto encodeall thepages.
Stratg)y C usegheproposedilictionaryupdatingtechniques
from pageto page,taking in newv symbolsin the current
pageanddiscardinguselessymbolsfrom previous pages.
For bothdictionarieswe seethebiggestimprovementirom
stratgy C over stratgy A is obtainedwith our 11-pageset,
amountingto 8% for the MC dictionaryand10%for the SE
dictionary, respectiely. This is becausehis setis scanned
in underthe sameconditionsand from consecutie pages,
thereforethe pagecorrelationis the strongestFor the other
two testsetsthescanningconditionsareunknonvn. Another
interestingphenomenorns, whenusing the SE dictionary,
strat@yy B alsoachieres4-5%of improvementover stratgy
A. In [6] we shavedthat SE dictionariesare usuallytwice
asbig asCLASS dictionaries.While this is a disadwantage
whencodingasingle-pagelocumentbecauséndex coding
is too costly),it is advantageouso useabiggerstaticdictio-
narythroughoutll thepagegbecausaill the symbolsfrom
later pageshave a broaderrangeof choices). On the con-
trary, we hardly seeary improvementfrom stratgly B over
stratgy A usingMC dictionariesbecausé¢hey aretoosmall
andtoo specificfor thefirst page.Note thatthe complexity
of option SE+B is very low becausédhe dictionaryis de-
signedonly once. In Figure 3 we shawv the dictionarysize
growth from pageto page. For our 11-pagetestset, from
thefourth pageon, thedictionarynolongergrows, meaning
thatthe encodethasgatherednostusefulbitmapinforma-
tion containedn this documenset. The othertwo testsets
do not containenoughpageso shaw thistrend.

Table 1. Codingmulti-pagedocumentsisingthe 3 strate-
giescombinedwith the 2 dictionaries.Stratgy A rows are
compresseflle sizein bytes;theotherrowsare% improve-
mentover stratgy A.

| | UW4-pg | UW5-pg | Qur 11-pg |

SE+A | 126056 72237 222430
SE+B 5.3% 3. 7% 5. 4%
SE+C 3. 9% 4. 2% 10. 3%
MC+A || 121842 70420 214506
MC+B 1.8% 0. 3% 0.4%
MC+C 2.4% 3. 2% 8.2%

4. CONCLUSION

In this paperwe first introduceda new dictionary design
techniquecalled the modified-classdesign. Thenwe pro-
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posedseparatalictionary updatingproceduregor the sin-

gleton exclusion and the modified-clasdictionary Using

suchproceduresve developpedafastandmemoryefficient

JBIG2 encodingstrateyy which splits up the input image
into horizontalstripesandencode®nestripeat atime. Ex-

perimentsshav that, for both dictionaries,by using two

stripes, the encodercan encode30% fasterand use 40%

lessmemorywhile suffering a small 1.5% penaltyin cod-

ing efficiency. Furthersavingsin time andmemoryusage
canbe obtainedwhen more stripesare used. We also ap-

plied the sameupdatingprocedureslirectly to multi-page
documentompressionComparedo codingtheimagesas
single-pagelocumentsthis canimprove compressioiby up

to 8-10%.
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