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lnthispaper,apOStaladdressinterpretationsystemuslnganeXtendedlexiconword

matchingisdescribed･TheextendedlexiconwordmatchinglS`anextensionofalexicon

directedwordmatchingalgorithm[1】,【2],Whichallowsthelexicontoincludelexiconwords

withvariables(Wildcards).Theextendedlexiconwordmatchingisutilizedforallword

recognltlOntaSksincludingZIPcoderecognltlOn,Streetnumberrecognlt)On,Streetname

recognltlOn,andPOBoxnumberrecognltlOn･Inaperforhanceevaluationtestwith1600

handwrittenaddressimages,theerrorratewasl･12%with50･19%encoderate･

Keywords‥WOrdrecognltlOn,documentanalysis,ZIPcoderecognltlOn,

POStaladdressrecognltlOn

1.lntroduction

Thehandwrittenaddressinterpretationsystemconsistsofsubsystemsfbrpreprocesslng,ZIPcodeline

recognition,Streetlinerecognition,POBoxlinerecognition,anddeterminationofdeliverypointcode(DPC)

(Fig.1).

ThepreprocesslngSubsystemappliestiltcorrection,1inesegmentation,Slantcorrection,andwordpre

segmentationtoaddressblockimages･TheZIPcodelinerecognltlOnSubsystemgeneratesseveralrankedZIP

codecandidates.ThesubsystemsforthepreprocessingandtheZIPcodelinerecognitionaredescribedin[3]･

ThestreetlinerecognltlOnSubsystemgeneratesseveralrankedpalrSOfstreetnumberandstreetnamefbrglVen

5-digitZIPcode･IfthetopcandidatepalrisacceptedwithsufficientconfidenceitissenttotheDPC

determinationsubsystemtogetherwiththe5-digitZIPcode･

ThePOBoxlinerecognltlOnSubsystemgeneratesseveralrankedPOBoxnumberfbrglVen5-digitZIPcode･If

thetopcandidateisacceptedwithsufficientcon丘denceitissenttotheDPCdeteminationsubsystemwiththe5-

digitZIPcode･
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Ifthetopcandidateis5-digitunlqueZIPcodewithsumcientconndence,itisencodeddirectlyintheDPC

determinationsubsystem･Ifthetopcandidateis9-digitonmailpleCeWithsufficientconndence,itisalso

directlyencodedtoDPCintheDPCdeterminationsubsystem･

TheDPCdeteminationsubsystemencodesglVeninfbrmationfromeachsubsystemtoaDPC.IfnovalidDPC

isobtained,andthe5-digitZIPcodehassufncientlyhighcon丘dence,itisaccepted･Otherwiseitisrqected.

2･Street Lime Recogmitiom Subsystem

2･1Street Number Location and Recognition

Streetnumberisrecognizedbyanextendedlexiconwordmatchingdescribedin4..Thestreetnumberis

assumedtobethenrst鮎1dofthestreetline･IfZIPcodelineincludeson)ytheZIPcode,thesecondpreceding

lineisnrstassumedtobethestreetline,Otherwisetheimmediateprecedinglineisassumedtobethestreetline.

Ifthelikelihoodofthedetectedstreetnumberislessthanathreshold,uptOtWOPreCedinglinesareassumed

SuCCeSSivelytobethestreetlineuntilthestreetnumberwithsufncient)ikelihoodisdetected･Inactualwordpre

Segmentedimages,Streetnurhber丘eldsoRensplitanddividedintoseveralpieces,Whichhavetobemergedagaln

intoaneld･ThisproblemisresoIvedthroughmultipleuseofwordrecognltlOnalgorithmtoasetofsuccessive

WOrdsegments.

2･2 Street Name Recognition

Streetnameisrecognizedbytheextendedlexiconwordmatching･ThelexiconisgeneratedthroughtheZIP+4

directorysearChforglVenpairofZIPcodeandstreetnumber･Thelexiconis丘rstgeneratedfortopcandidatesof

ZIPcodeandstreetnuniber･Ifthegeneratedlexiconisnull,itisgeneratedforsecondcandidateofZIPcodeand

thetopcandidateofstreetnumber.

ThestreetnamereCOgnitionisperfbrmedinlongwordlexiconscheme,i･e･thepredirectional,Streetname,and

thesu伍xisconcatenatedinaword,andisdealtasaslngleword･Thewordimagesfbllowlngthestreetnumber

imageareCOnCatenatedandsuppliedasasJnglewordimagetothewordrecognltlOnalgorithm･

2.3 Lexicon Generation

Abasic(longword)streetlexiconisarelation(SetOfrecords)whichconsistsofthepredirectional,Streetname

andthesufnx･Therecords,WhichmatchtoaglVenpalrOfZIPcodeandstreetnumberiscollectedfromthe

ZIP+4丘Ie･OtherrelationsrepresentlngtheabbreviationofthepredirectionalandthestreetsufBxareprede血ed

andusedtoexpandthebasicstreetlexiconintermsofthejoinoperation(directproduct).Afterthejoin

Operation,CaSeVariation(initial1ycapitalizedlowercasecharacterstrings)isgeneratedandadded･Forexamplea

basicstreetlexicon:

BAⅡ.EY AVE

HARLEM RD

MAIN ST

MAPLE RD

isexpandedto

BAmEY

BAMY

BAⅢ_£Y

Bailey

B由1ey

Bai1ey

AVE

AVENUE

Ave

Avenue

HARLEM
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where‖-‖denotesanullstrlng･1nthisexamplepredirectionalsareallnullstrlng･Eachrecordisconcatenatedin

aslnglewordprecedingthewordmatching･1ntheevaluationtesttheaveragelexiconsizeisabout80and480

befbrea皿daf[ertheexpansionrespectively･

Fig･2showsanoutputofeachstageofstreetaddressrecognlt10n･
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Fig.20utputofeachstageofstreetaddressrecognltlOn･

3.POBox Number Recognition Subsystem

3.1POBox Number Location and Recognition

POBoxnumberisrecognizedbytheextendedlexiconwordmatching･ThePOBoxnumberisassumedtooccupy

entirePOBoxlinewithaprecedingPOBoxkeywordsuchas‖PO‖,一一POB■■,,一POBOX",''BOX‖,…･Therestof

thePOBoxnumberlocationworksinthesamewayasinthestreetnumberlocation･

ThePOBoxlinerecognlt10nisperformedinthelongwordlexiconscheme･i･e･thePOBoxkeywordandthe

POBoxnumberareconcatenatedinaword,andisdealtasaslngleword.ThewordimagesinaPOBoxlineare

SupPliedasaslnglewordimagetothewordrecognltlOnalgorithm･

Fig･3showsanoutputofeachstageofPOBoxaddressrecognltlOn･

4.Extended Lexicon Word Matching

Anextendedlexiconwordmatchingisanextensionofalexicondirectedwordmatching[l],[2],Which

allowsthelexicontoincludelexiconwordswithvariables(Wildcards).Inthelexicondirectedalgorithm,the

ASCIIlexiconofpossiblewordsisutilized･Givenalexiconword,theprlmitivecharactersegmentsobtainedby

oversegmentationofanlnputWOrdimagearemergedandmatchedagalnStaletterinthelexiconwordsothatthe

averagecharaCterlikelihoodismaximized･Thewordmatchingprocessisrepeatedfbral11exiconwordsandthe

lexiconwordsaresortedandrankedaccordingtotheaveragecharacterlikelihood･Theextendedlexiconalgorithm

isobtainedfromthelexicondirectedalgorithmbythefbllowlngmOdi丘cation･Thelikelihoodforthewildcardis

calculatedbytakingthemaximumlikelihoodfora111etters,andtheassociatedletterissubstitutedtothewild

Ca血.
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Fig･1Blockdiagramfbrhandwrittenaddress

interpretation.
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Fig･30utputofeachstageofPOBox

addressrecognltlOn.

Forexample,itsignincantlysimplinesthetaskofthePOBoxnumberrecognltlOn,ifthelexiconcaninclude

SuChwordsas:

PO%%

PO%%%

PO%%%%

PO%%%%%

PO%%%%儲虜

POB%%

POB%%%

POB%%%儲

POB%%%%%

POB%%%%%%

POBOX%%

POBOX%%%

…etC.

Wherethe'%Tisawildcardfbrnumerals･Thisextendedlexiconishigh1yadvantageousbecausepresegmentation

OfPOBoxkeywordandPOBoxnumberisnotneeded･GenerallythepresegmentationofPOBoxkeywordand

POBoxnumberisnoteasytask･ltispossibletogeneratethesmallestsufficientPOBoxlexiconafter

recognizingtheZIPcode･Howeverintheevaluationtest,aPOBoxlexiconof丘xedsize(30)isused.

BesidesthePOBoxrecognltlOn,itisalsoadvantageousfbrZIPcoderecognltlOntOuSeeXtendedlexiconwords

Withtwolettersatenameprenx:

NY14%%%

NY14%%%-%%%%

MI48%%%

MI48%%%-%%%%….etC.

InthiscasetwoletterstatenameandthenrsttwodigitsofaZIPcodearerecognizedbymorereliablelexicon

directed(COnteXtSenSitive)modethanlexiconfreemode･Theselexiconwordsenab)ethewordmatchingtohandle

missegmentedstatenameandZIPcode.Purenumeral1exiconwords

%%%%儲

%%%%儀一%%%%
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fbr5digitand9digitZIPcodearealsousedtogether･IntheevaluationtestsanextendedZIPcodelexiconofsize

514(includingcasevariation)isused･

StreetnumberrecognltlOnisperformedusinglexiconwords:

%

%%

%%%

%%%%

%%%%%

Additionalnon-numeralstreetnumbersderivedfromthezip+4nles,e･g･"One.t,‖%%%-A-t,･･･Canbeused･if

necessary.Howeverintheevaluationtest,thestreetnumberlexiconoffixedsizeof5(OnetOnVedigitpure

numeralstrlngS)isused･

TheextendedlexiconwordmatchinglSCOnVenientfbrsecondarynamerecognltlOnWithsecondarynumber,e･g･

suite%%,Suite%%%,APTS%%%,BLDG%%%,…･Theextendedlexiconwordmatchingisnexibleand

sufncientfbralladdressblockwordrecognltlOntaSksandissuitablefbrhardwareimplementation･

5.Determination of Address Type and DPC

5.1Determination of Address Type

Theaddressinterpretationsystemassumesfburaddresstypes,i･e･Streetaddress,POBoxaddress,unlque5-digit

ZIPaddress,anddirect9-digitZIP(Onmailpiece)address･Thetypeofaddressisdeterminedinthisorderby

sequentialtest(Fig･1)･Oncetheaddresstypeisdetermined,therestofthetestisnotapplied,e･g･ifitisaccepted

asstreetaddress,itisneveracceptedasPOBoxaddressorothers･

ThestreetlinerecognltlOnSubsystemgeneratesseveralrankedpalrSOfstreetnumberandstreetnameforglVen

5-digitZIPcode･Ifthetopcandidatepa)risacceptedthetypeofinputaddressisdeteminedtobestreetaddress･

ThetopcandidatepalrisacceptediftheZIPcode,Streetnumberandstreetnameareal1accepted･TheZIPcodeis

acceptediftheconfidence(1ikelihood)ofthenrstrankedZIPcodeisgreaterthantzl,andthedifferencebetween

the丘rstandthesecondrankedZIPcodesisgreaterthantz2･Thestreetnumberandstreetnameareacceptedor

rqiectedinthesamewayusingthresholdpairs(tsl,tS2)and(ttl,tf2)respectively･
ThePOBoxlinerecognltlOnSubsystemgeneratesseveralrankedPOBoxnumberforglVen5-digitZIPcode･If

thetopcandidateisacceptedthetypeofinputaddressisdeteminedtobePOBoxLaddress･Thetopcandidateis

acceptediftheZIPcodeandPOBoxnumberarebothacceptedandthepalrisintheZIP+4file･ThePOBox

numberisacceptedorrqiectedinthesamewayusingathresholdpair(bl,b2)･
IfthetoprankedZIPcodeisacceptedandtherecordtypeis"14一一intheCity/Statenle,thetypeisdeterminedto

beunlque5-digitZIPaddress･ThetoprankedZIPcodeisacceptedinthesamewaybutwithtighterthresholds

(tzl,,1z2,)thanforstreetandPOBoxaddress･

IfthetoprankedZIPcodeis9-digitandisacceptedwiththetighterthresholds,thetypeisdeteminedtobe

direct9-digitZIPaddress･

IfthetoprankedZIPcodeis5-digitandisacceptedwiththetighterthresholds,theaddressisaccepted･Otherwise
itisrqected.

Intheevaluationtestthethresholdsarefixedasfo1lows.

(fzl,ら2)=(-100,0)

(J∫1,J∫2)=(160,5)

(J山王f2)=(40,7)

(20,5)

(ウ1,ウ2)=(105,3･5)

(ら1′,Jz2′)=(50,6)

fbr40%encoderate

fbr50%encoderate

;ZIPcode

;Streetnumber

;Streetname

;POBoxnumber

;ZIPcode(unique5-digit,

direct9-digit,5-digitaccept)･
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Thethresholdpair(Tzl,tZ2)istemporallysoloosethatmostofZIPcodesareacceptedunconditionally･Because

thelengthofZIPcodeisknownapriori,itsconndenceisrelativelyhigherthanstreetnumberandPOBox

number.

5.2 Determination of DPC

DeliverypolntCOdeisdeterminedseparatelyfbreachaddresstype･

Fortheunlque5-digitZIPaddressandthedirect9-digitZIPaddress,theZIPcodeitselfistheDPC.

Forthestreetaddress,theZIPcode,Streetnumberandstreetnameisencoded,andfbrthePOBoxaddress,the

ZIPcodeandPOBoxnumberisencodedtotheDPCuslngtheZIP+4丘1e･

Forthestreetaddress,therecanbemultipleDPC-sfbrglVenZIP,Streetnumber,andstreetname.Toselectthe

甫nestpossibledepthofDPCthefb)lowlngalgorithmwasemployed･

Algorithm; DPCselectionof丘nestpossibledepth

l)IftwoDPC'sareobtainedandtherecordtypeoftheoneisstreetandtheotherisnotstreet(e･g･

high-rise,firm,...),OutPuttheDPCofthenonstreetrecord.

2)IfthreeormoreDPC.sareobtainedandthereisonlyonestreetDPC,OutPutthestreetDPC.

3)0therwiserqiect.

5･3DPF Post processing fbr Error Reduction

Incurrentresearchsystem,theZIP+4Fileisusedfbrstreetnamelexicongeneration,andtheDeliveryPoint

File(DPF)isusedfbrpostprocessingtodetectandreducetheencodingerror･Theaveragesizeofstreetname

lexicongeneratedfromZIP+4isabout80,Whileitisabout20ifgeneratedfromtheDPF.Therefbrthreefourth

Ofstreetnamesinmiss-enCOdedaddressesarenOtintheDPF,i･e･theerrorrateisreducedtoonefourththrough

theDPFsearChfbrobtainedZIPcode,Streetnumber,andstreetname.

TheZIP+4Filehas28mi11ionrecords,eaChofwhichcontainsZIPcode,4digitadd-On,reCOrdtype,andstreet

nameinformationincludingpre-andpost-directionalsandthesufnx.TheDPFhasalOOmillionrecords,eaCh

Ofwhichcorrestpondstoamailstop,l･e･ahouse,anapartment,OraSuiteinabuilding･

6.Per-brmance EYaluation

6･1Performance Evaluation of StreetLine Subsystem

Tablesland2showtheresultofstreetnamerecognltlOn･Theperformancewasevaluateduslng"bha‖test

SamPles･Amongthesamplesfrombha_6000tobha_7603,1330streetaddresssamples(includinghigh-rise,

一nrm,5-digitandrqject)wereusedforthistest.
Tablelsummarizesthecumulativecorrectratesofstreetnamerecognlt10n･ThetopcorrectrecognltlOnrateWaS

62･18%･ThetopcorrectrecognltlOnrateOfZIPcodeandstreetnumberwas82･48%and69･77%respectively,

andtherateofcorrectpalrWaS62.18%.

Table2summarizesthetradeoffbetweenrqectandtop-ChoiceerrorratesatdifferentoperatlngpOlntS･For

examPle,at(t(l,tt2)=(40･0,7･0),theerrorratewas2.03%with59.17%rqjection.Inthistable"correct"means
al1correctinrecognltlOnOfZIPcode,Streetnumberandstreetname,WhileintheTable.5"correct"meanscorrect

inrecognltlOnOfstreetnamebutnotnecessarylnStreetnumberorZIPcode.

Tablel.CumulativeCorrectRatesofStreetNameRecognition

Top-Nchoice nO. %

口 827 62.18

2 843 63.38

5 850 63.91

Total 1330 100.00
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Table2.Errorv.s.RqiectofStreetNameRecognltlOn

(Correct･AllcorrectinZIPcodestreetnumberandstreetname)

r J2

I

Reiect E汀Or Correct
Ilf

10030 4511(600) 9.32(68) 90.68(622)

200 50 4947(658) 5.06(34) 94.94(638)

40070 5917(787) 2.03(11) 97.97(532)

50.09.0 70.53(938) 1.53(6) 98.47(386)

6.2Perfbrmance Evaluation of POBoxLine
Subsystem

Tables3and4showtheresultofPOBoxnumberrecognltlOn･Theperformancewasevaluateduslng.'bha"test

samples･Amongthesamplesfrombha-6000tobha-7603,204sampleshavingPOBoxlinewereusedforthis

Table3summarizesthecumulativecorrectratesofPOBoxnumberrecognltlOn･ThetopcorrectrecognltlOnrate

was70.94%･ThetopcorrectrecognltlOnrateOfZIPcodewas84･73%,andtherateofcorrectpalrWaS61･58%･

Table4summarizesthetradeoffbetweenrqectandtop-ChoiceerrorratesatdifferentoperatlngpOlntS･For

example,at(bl,b2)=(90･0,3･5),theerrorratewasl･02%with51･96%rqjection･Inthistable"correct'一

meansbothcorrectinrecognltlOnOfZIPcode,andPOBoxnumber,WhileintheTable･3"correct‖meanscorrect

inrecognltlOnOfPOBoxnumberbutnotnecessaryinZIPcode･

Table3CumulativeCorrectRatesofPOBoxNumberRecognition

Top-Nchoice nO. %

口 144 70.94

2 150 73.89

5 155 76.35

Tot山 203 100.00

Table4.Errorv.s.RqjectofPOBoxNumberRecognltlOn

(Correct･BothcorrectinZIPcode,andPOBoxnumber)

r t J〃2 Reject Error Correct
〃

000.5 34.80(71) 9.77(13) 90.23(120)

8501.0 39.22(80) 6.45(8) 93.55(116)

80.0 3.0 44.12(90) 4.39(5) 95.61(109)

90.0 3.5 51.96(106) 1.02(1) 98.98(97)
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6.3 Performance Evaluation ofIntegrated
System

Tables5and6showtheerrorv.s.encoderateoftheintegratedsystem･Theperformancewasevaluateduslng

T･bha"testsamples･Allthesamplesfrombha-6000tobha-7603wereusedfbrthistest･

Table5and6surnmarizestheperfbrmancewithandwithoutDPFpostprocesslngatdiffbrentoperatlngpOlntS･

respectively･Theerrorrateisl･12%with50･19%encoderate,andO･87%with43･12%encoderatewhenerror

reductionisperfbrmedthroughDPFsearch･Theerrorratewasreducedfrom4･11%tol･12%,from2･15%to

O.87%respeCtively･

Table5Errorv.s.EncoderatewithDPFpostprocessing

Jft Jr2 Encoderate E汀Or Correct

200 5.0 50.19(803) 1.12(9) 98.88(794)

40.0 7.0 43.12(690) 0.87(6) 99.13(684)
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Table6･Errorv･S･EncoderatewithoutDPFpostprocesslng

f†1 f†フ Enc∝lera蛤 EITOr CoITeCt

20.0 5.0 51.75(828) 4.11(34) 95.89(794)

40.0 7.0 43.69(699) 2.15(15) 97.85(684)

7･Summary and Future Works

Inthispaper,integratedaddressinterpretationsystemuslnganeXtendedlexiconwordmatchingwas

descdh畑.

Intheevaluationtestfor300dpiaddressblockimages,theerrorratewasl.12%with50.19%encoderatewhen

DPFwasusedfbrerrorreductionpostprocesslng･Thisresultisslgni丘cantlybetterthantheresulteverreported

byotherinvestigators[4],andissufficientlybetterthanthetarget,Whichis50%encoderatewith2%errorrate.

IfDPFisdirectlyusedinstreetnamelexicongeneration,theperformancewillbefurtherimproved･The

performanceofZIPcoderecogn)tlOnWillbealsoimprovedifCity/StatenamerecognltlOnSubsystemis

integrated･RuralrouterecognltlOnSubsystemisnotimplementedyet･Al1ruralrouteaddresseswererqected

exceptone,WhichwasmissrecognizedtoaPOBoxaddress･Allforelgnmailsandmailsrqectedbyhuman

trutherwerealsorqectedbythesystem･

RecognltlOnSPeediscurrentlyaboutlOsec/addressonSPARCStation20･Programoptlmizationwillimprove

therecogn)tlOnSPeedconsiderably･
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