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Abstract 
This  pnpr describes n netrt method o j  jxlsi-pmcrasing 

jor chamcfcr mcqnitinn, tuhiclr i~t i l izes n nnttirnl Inn- 
gfinge pmcssing (NLP)  s!jsfrm. Qllr method is  h s e d  
on urod rnnirltinp mcfhnri u~hich r~erif~g the ns?t l t s  oJ 
chnmcter m q n i t t o n  by ttrntchittg them witla dicttnnnry 
words. The chamctensiics 01 nur rnet!~d nrrr as Jol- 
lo~us: 1)Thr: tr~orri matching pmcess is gtridd bnsed on 
the sptnctic and sernvnric cnnstrninfs on scnlenccs to 
impmtre the eficlency, 2)Top-domn nssumptinn of E ~ O P -  

ncters by the NLP s!lstcrn rnnhlrr r~ to cowe~l ermrs 
~ultich nrc dtfirtrlt lo k rrcor)~rerl Iry the tiad matrhlng. 
,SrJThe JnciIrty for rtl-vrnqnittnrl nf c1~nmder.e is mfm- 
d~tced to d d r r m ~ n c  qahrrt~ e ~ t r n s l d  ttmrd is  most p1nrrs1- 
blr in mse i h r r ~  rs l i t rI~ rttidrnrv rlcrilwd lmm sgniartic 
and scrnnntic coti.~tmsnls. h m  tlne e ~ r i m c n l s  for 50 
images n j s ~ n t r n w a .  utr: rlrn~nnslmte fhr ~flccti~r~ness of 
071s mctl~ocf. 

1 Introduction 

recognition. In this cam,  IIOWPVP~, it r10m not contain 
Cruitft~l inlorrnatiol~ dlir to tlnp 10w qilalit,y of imagw. An 
altcsl~ative way is to rxploit i n t e r - ~ ~ r n d c o t ~ s t t ~ ~ ~ t s  to rc- 
duct: t,lw nutul,er o f p ~ ~ i h l e  words. Some r ~ r n r r l i r m  nt- 
tcmpt to USF probabihstic or n~nrpl~oI~gica! c o ~ ~ s t r a i n t ~  
h ~ t w r ~ n  words[2. 31. 

In t! l i~ paprr, we dcscribc a r n ~ t h o d  of post-procmsing 
which exploits thc constrRints on syntax and sprnantics 
of scntcncrs witli t l ~  Iirlp of a natural l a n g ~ a g ~  pror:ms- 
ing (NLP)  system. TIIP d~armterist ir  of our rn~t,lrnrl is 
sumrnarixcd to the point that these constraints RTP nti- 
lizrrl nnt only for t l ~ r  vrrificxtinn of rxtr;trtrd worrix, 
I,iit, also for the rxtractinn of words: An rxtrnctrrl wnrd 
is vrrifi~tl wEtrthrr it is ronsjst~tlt with t l ~ e  prcviniialy 
r x t r a c t ~ l  words in t l ~ c  scrim of s y n t u  xrlcl srrnantirs, 
RO as to find ail inconsistmt wnrrl as won as pnsqil)lr. 
In dtlition, ~ I I P  r i i c t i n l l ~  wonla t~nrrl fnr t l ~  matrliing 
RIT rrd!~rwI bawtl o t ~  tlw syntxrtic cnnstraints n?>tainrrl 
from the prrvinirsly cxtrr terl  wonis. 

Tllr rfrslivrnrw of our n l~t t~nr l  is tlrn~nnstratrrf Iiy 

TCXL irnagr rrcnpition is Ll~r procrrr to rxfrnrt tlie is micly 'pplird. 

information rwostlrcl ;rs char;tt:trm in trxt irnaws. In . . 
pursuit of rotriistr~~m alld wtrrilrwy nf ~ E I P  psnsrss. it is 
indi~pcn~rrhlr to ropr: with prrors it1 cliwarter rrrogni- 
tion ~ ~ I I R P T I  hy t t l ~  imaging d~f r s t s ,  vxrirty of font stylmt;, 
r l ~ r u ~ c t r m  having R ~ I I I ~ ~ W  shapm, C ~ C .  Sinre i m p r o v ~  
mcnt of a rnrthorl nf cl~arwtr r  rrcognitinn alonr I I ~  its 
lin~its, MI dvisahlr: solution is to introtlt~rr the post- 
prncming of ct~mmter rmofl~it~io~l. 

Rom th i s  point of virw. rulrnrrous s t t r~np t s  have 
hwn rnde nver the PPLS~, frw ~ I P C W ~ P S  111. A word match- 
ing mrtlind. wlnirh vrrifirs a srqurrlrr of rrsngniz~d char- 
w t ~ r s  I>y rsn apprnxi~natr malrhing wit11 tiirtinnary 
 word^. is O ~ I :  of dlw promising ways to corrrct thp pr- 
rors. Tllc appr~xinlat~r wrlrri inatrl~ing i s  x mrt,lind of 
string rnrrtclling wllich allows mmr r l i x a ~ ~ r m c n t  cElw- 
rrctrn in a word. 

For i m a p  of scvcrrly low ql~nlit~y, liow~vrr. wc face 
t l ~ r  prd~l rn i  to dr t r r tn in~ tEir nimt plansit)lr word irtltn 
the words rxtrartrd I y  thr  wort1 rnatchin~; 1n gvnrtal. 
it irr nwcwrr~uy to dlow R lot nf d i ~ a ~ r r r t ~ l r ~ i t  rtlarwtrrs 
in the worrl t~~f i tc l~ i t~g  to rnpr with t,hc Frc~qnrnt rrrors. 
This rmrhts in ncccpt,ing nlaily rrmnrniw words. 

The prohlrrn is rnnrr: srrinl~s for t t ~ c  rrrng~~ition of 
Japanmr texts. Trxts writtrn il l  .Japanr>sr (In not inrI11dp 
wort! *parators s ~ ~ r t i  .xi spacrs it1 Englisli. tllus it is 
also rrqi~irml for tllr word matrlling to ~ r g m r n t  worrls 
from rr ~ ( ~ q i ~ ~ ~ i r r  of charartrm. As x rrsult. mortnous 
lu11nk)cr of pnwi1)lr wnrrls woiild I)r ~xt,ractrrE l)y t l l ~  
word niatrlling. 

Onr rxprrlirnt way to srlrrt thr  most pla114ihlr wnrd 
ia ke ~ttilixr ;1 siunilarity srorr ohtai~lccl hy t l ~ r  rha rx r t~ r  

2 Text Image Recognition Sys- 
tem 

F i p r c  1 illrrstr;rtrs tlic a rc l i i t~r t i~r r  of onr t rxt  im- 
age recognition systcm. Onr ~ y s t ~ m  consists nf tllrre 
modz~lcs: pmprocrs~ing ~norlir lr, clixrx tcr rrcognit ion 
nlodz~lr and post-prorr~qing ~nodi~le.  

The tmk for thr  prrcprocessing nindulr incllidrs noiw 
rcdriction. skpw corrwtinn. and srqumtatinll of trxtli~lrs 
and charactrra. I11 tilt. citrrent in~plm~rntatiotl. wr M- 

surnc! that no crror orrtlrs in t h ~  w ~ n c n t ~ a t i o r ~ .  
Aftcr the pre-procrming. t.11~ segt~i rn td  sharartrr 

im~\ .g~a  we srcognizrt! I)y t hc char,wtrr rrragliitioti rnnrl- 
111c. To cope wit!! tlip tlifficufty of rrrngrtitinn. r n ~ ~ l t i l j l ~  
candirlate c l i r u ~ t r r s  arc allowrrl for r,wh rliarwtrr r e  
gion. As shown in F ~ R .  2, tllrw rn l i i l i~ l~t t~s  arr listwl 
i l l  dmcmdir~g ordrr of sltapr simil.arity sc:nrPs ol~tain~cl  
throiigir thc r~ogni t ion .  In this pxprr, this is calltvl a 
list of rmtlidatc! r l ~ ~ r w t ~ r r s .  Tlir n111nI)~r nf rantlirlirtm 
i~ cnrrcntly f i x d  tn 5 for P W ! ~  cl~nrwtrr. 

Tlle t ~ k  for post-prorcmicill~ car1 I)r rrgardrrl ~9 

traversing tlrr sears11 spwc spnri~ird hy tllr list nf rmdi-  
clatr cllrrswt~ss to srlrrt corrrrt rar~rlirlat~s. Tllr post- 
procrwsing mor111lr r~tilizm two si~t)-nir)d~~lrs for t h i s  pllr- 
pow: tlw wort1 nlatr:fiiiig iunit ~11d t llr NLT) s y ~ t r m .  T ~ P  
word rnatrhitig t u i ~ i E  is cnntrollrrl by thc NLP systm~ tn 
rxtrmt IL S ~ I I P ~ I C P  nf words wliirli is valid .w a srntrnr~ 
from tlir virwpoint of s y ~ i t m  and ~mmantics. 111 arldi- 
tion. tlir: rtiarm-trr rrrognition tnnrlr~l~ is 11Eili~~d ngxin 
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Figure 1: System architecture 

input sentence 
(John solved this problem) 

. j 's  Y ~ ~ : C ~ ~ ~ ! # J ~ ~ L ~ ~ ;  order of . .  

tcandidate characters 

Figure 2: A list of candidate characters 

to determine which extracted words is most plausible in 
case there is little evidence to select them by the post- 
processing module. 

3 Natural Language Processing 
In this section, we will show the brief overview of 

our NLP method which analyzes syntax and semantics 
of a given sentence. This method is originally developed 
for the task of machine translation. For further details, 
see [4]. 

3.1 Syntactic analysis 
Our method of syntactic analysis is classified into 

the left corner branch method based on the reachabil- 
ity matrix. The NLP system analyzes a given sentence 
from its left to the right (i.e. the reading order of a 
sentence) in a bottom-up manner. Contcxt free gram- 
mar rules (simply called grammar rules in this paper) 
are employed for the analysis. Topdown information 
derived from the reachability matrix is also utilized to 
avoid the futile application of grammar rules. 

From the viewpoint of the post-processing, the ad- 
vantage of our NLP system can be thought of as its 
facility t o  predict a part of speech; a part of speech for 
the next word is predicted based on the previously ana- 
lyzed sequence of words. This enables 11s to reduce the 
number of dictionary words tested by the word match- 
ing unit, so that the efficiency of the post-processing is 
improved. 

Phase l )  Syntax and semantics guided 
word matching 1 

Phase2) Assumption of characters 

I + 
Phase3) Re-recognition of characters 

Figure 3: Control flow of tlie post-procrssing 

3.2 Semantic analysis 
The method of semantic analysis incorporated in our 

NLP system is based on semantic categories of words 
and case frames for verbs. A semantic category repre- 
sents a label for the meaning of a word such "physical 
object" and "mental object". A semantic category of 
each word is recorded in the word dictionary. On the 
other hand, a case frame describes the legal patterns of 
case structure for a verb in terms of case labels for words 
sl~cli as "agent" and "object", as well as their semantic 
categories. 

In our NLP system, semantics of a sentence is veri- 
fied by matching between case frames and semantic cat- 
egories of words. This is executed by the additional 
terms of the grammar rules. These terms work as the 
condition for the  application of a grammar rule, thus 
semantic analysis is simultaneously performed with the 
syntactic one. 

4.1 Overview 
Figure 3 shows the control flow of the post-processing 

consisting of 3 phases. The input is the list of candidate 
characters, wliile the oritput is a sentence composed of 
the extracted words. 

The post-processing module normally performs the 
phase 1 to find a sequence of words in a given sentence. 
In the phase 1, approximate word matching is employed 
to correct recognition errors. 

In case the phase 1 fails, the post-processing mod- 
ule tries the phase 2 to assume missing characters in tlie 
list of candidate characters on condition that the syntac- 
tic or semantic constraints for the next word are strong 
enough. After the phase 2, the phase 1 is remimed to 
extract the following words. In case the phase 2 is im- 
possible to be applied, backtracking occurs in the phase 
1 to retry the word matching. 

The phase 3 is executed when the word matching 
finishes. The task of this phase is to solve the ambiguity 
in the extracted sequence of words. In case there ex- 
ists multiple words whose positions in a sentence overlap 
with each other, the characters included in the words are 
recognized again to determine which is the most plausi- 
ble word in terms of its shape. 

In the following sections, we will describe each phase 
in detail. 



1 )  Prediction o f  parts of speech i I*! 
Settlng parameters (L,  D) 

I 4 4  I 

1 131 Seleetlon of dlctfonary words li 

1( 14) Approxlmats word mazchkng li 

115) Sorting extracted words 
I I 

sernan?ic conatralnts 
I - the flow In case a step succeeds 

4-- zha flow in case a step rails 

4.2 Syntax and semantics guided word 
matching 

The dgaritl~nt of thr pit- I is shown in Fig. 4 
1) Prediction of parts of speech At the first 

~ t c p .  tllc NLP systp~rl prculicts possi hlr. parts nf ~pewh 
for R word in a top-tlnwr~ mannpr. This prrrlirtion is 
bwcd on thp a l r~ady  rxtractrrl srqiar!~rr of wnrds. Zlic 
rewlrrrhility matrix rlprlttccrl from t l ~ r  grammar ri~lm. 
In caw multiple parts nf spwcli arf prtadirtd, anc of 
tllrnl W P  rilndomly wlwted: t h r  rrsts nr: retaincd for 
the latcr sxirrnir~xtinn. Tlie part of spwch s~ l r c t rd  in 
this stcp is dctcrn~incrl to be inapprol>riatc in case the 
strp2  fail^. If dI pmihlc  p ~ t s  of sprrrh arc folltld to  
IN? inapprnpriatc, illin ~ t r p  fails. 

2) Setting parameter The next st,cp is to set 
pararnptrrs to col~trol t hr followittg strps. Wc 11s~ tlic 
following two prtrarnrtcrs L and D. Inr rc*trirving dictiw 
nary words (strp3) m r l  for t t w  word snatrhi~ig (strp4), 
rrspwtivrly. 

m L is  t l i ~  l~ngt11 ofarlic:tin~rtrry wnrd tn hr  rctrirvrrl, 
(i.r. t l ~ c  ni~tnhrr of chwwlr ra  rnntxinrtl in f~ word) 

D i~ t h ~  upper litnit nf tllc rate of r l isagrc~n~mt 
c h f i r ~ t r m  for tlw Icngth n i  a rlistinnary word. 

It1 t11r c r~ r r r t~ t  implemmtrrtio~~, D is rrst.rictrd to wle of 
tlir! diwretc! val~tm of fl%, 30%. 50%. 

At thr first t r id  ni tIlc word matching, Q = 0% and 
tE~c I w p t  vxl~tr of L Rrr wlrrtrd. This inclicatrs that. 
we prrfrr c x w t  intrtrliillg and thr Inngrst word. 11) rav 
t l l ~  word r n ~ t r l ~ i n g  (st,rp4) Fails i~nclrr this rol~ditinn. tllr 
vali~m nf D m11i L arp c h a n g d  for t h r  nrxt. t,rid. First. ;r 
~ r i ~ a l l r r  vaE11r nf L i~ apl~lircl with tllp cbiirrriit vati~r of D. 
If thr  matching fails with all possif)lr: valtrrx of L. tl~rn 
W is toowned, In caw tllc nrw v411r nf O is srlrrtctl, 
L is r c ~ r t  to thr la rg~s t  valur. and t,tlrn d m r r x ~ ~ r l .  I f  
Zhc fnllnwing steps fail 11 tldrr all pofr5ihl~ con1liti01as. this 
step fails. 

3) Selection of dictionary words At the tl~irrl 
strp. dictionmy wnt.ct~ mc rctrirvrtl hmrd on tllr pr* 
d i r t 4  part of s p w r t ~  m11 the word lrngt.11 L. In grrlrr~l ,  
mllltiplr words arc rctr i~vrd from tlir dirtionary. At1 ni 
~ I I P W  worrl~ m y  r~portr t l  to t l ~ c  word mntrhi~ig ru~it. 

4)  Approximate word matching At thr fourth 
stcp, matrl~ing b ~ t w r r n  rmli dictionary worrl arlr! t11~ 
list of rantlitlate chwxtcm is prrfnrm~rl to cxtrllrt all 
posi l~ le  wnrrls. To ropr wit11 thr  rrrngnitinn Prrorr; ( i f .  
tltc C ~ S P  that t t ~ c  corrmt character is n~issrd in tlir list, of 
crtnrfitlrrtcs). wr 11 t i l i ~ ~  t h ~  apprnximatr m ~ t r l ~ i n g  sllec- 
i f i ~ d  by D mentioned abnvr. Fnr rxan~ple, r~ntlrr thr 
condition of D = 50% and the wnrtl Irngtlr L = 3, onp 
disagrtrmcnt character is aIlowc11 in t,llr word ntatrhing. 
If no word can be extrwt~rl .  this stap fails. 

5)  Sarting extracted words Tlirx fifth step is for 
sorting t l ~ c  c x t r a c t ~ l  words b rwnrrl tlw wortls in a 
stark. Tllc worr for sosting is the si~ra or tFir ordrrs of 
tllr candidxtr cl~arwtrrs  included in a rxtrartrd wnrd. 
A word wit11 a smaller score boltls uppcr pnsition in 
the stack. Note that II  r l i sxgr~rmc~t  r l~arnrtrr  ran h~ 
n~glcstrtl to  calculntr the scrlr~, 1)rcauso tIlc ni1rnl3rr nf 
d i s a ~ w m m t  rharartrrs Is f i x 4  in atlvanrp hy r l l r  vaI11~ 
of D. In cn-e mi~ltiplp words have tlir su11c scorc. t hpy 
arc sorted randnmly. 

6)  Verification of syntactic and semantic con- 
straints At tllr I& strp, thr word is pnppml from tllr 
stwk kn vcrify wl~rtllrr it i~ consistrllt wit11 t31c srqlirncc 
of prrvia\t5ly rxtrmtrtl wnrtls in tllr srnRr nf syntax ant! 
s~n i~n t i r r ; .  Il it is il~ronsistmt. tlkc n ~ x t  wnrd is pnppril. 
Otherwiw, it is asttrnrrl to I)e rorrt~.t. i l t  nrdrr in ~ x t r w t  
thr s~lcscrding words. In r m c  tllr s tark  is  rmpty.  this 
stcp fails. 

4.3 Assumption of characters 
In most cwrs, tlw method of approximate word 

matching utilixrd in thr  p1ra.w I is powrrful ~ n o l l ~ l l  to 
correct rrrors of character recognition. How~vrr, it is 
impossible to correct words which ronsist nf onp rllar- 
actcr (one-charact~t worrl). This cailws R srrinus proh 
lem, ~ P C ~ ~ I R P  t11~re exists many 011-sharart~r wnrtls in 
Japanme wntmre~. For rxmplp,  most of the ca-P par- 
ticlps me one-cl~arwtrr wnrds. 

Fortrinatrly, thr  ~ y n t x t i c  ant[ semantic constraints 
on c ~ w  pptrtir-lcs arr strong ~nnug11 to nwrtmr it, rvcn 
if there is no crmdidatAr: in the list. For rxarnplr, s l tp  
pose the caw partirlr ' fl ' is miswd in tlir list of  rxnrli- 
dates in Fig. 2, tlw pllmr 1 fails aftrr rxtrmting ' $ 3  

:, '(John ). Bawd on ~ltr  prrtlictior~ of parts nf apwrl~.  it 
is found t h d  the n ~ x t  wort! woultl hc a rme partirlr. At 
the pllrucc 2. tlir pr~st,-prnt:~ssir~t: ~~intliilr ms1111ir9 tllxt, 
tllr n ~ x t  word is R one-sllnmctrr worrl or x case part iclr 
to contin~~r: Illc wort1 tnJchhing i r ~  pha-r 1. 

After ir vcrl) in a srntrnrr is  slircwisr~~lly oxtrartrd 
by tllr pi1~~9r 1, tllr rMr fra111~ for tllr vrrl) is av~ilxl)lr 
to rlctcrtait~r wE1irl1 r m r  particlr is appmpriatr For t,hr 
wstttncd cl~xrartrr. For tellis exaniplr. thr rnsc 1)xrtirlf.s 
' fit ' and ' kk ' arc m l v c t ~ ~ l .  

In additinn, ~ 1 1  i~lflwtiotl~l cnflir~g of a wort1 ran dso 
be assr~rnrd tjascd or1 t I I P  ~ y n t w t  ir rollst tailit s. 

4.4 Re-recagnition of characters 
There exista two raws a wnrrl ca~lnnt 1,c tivt.rrmi~~rrl 

by tilt: phascs mmtionprl ahov~: 

A) Thcrr rrrnains wortls wllich Ilavr t l ~ r  samr wort-. 



B) Multiple words are mumed for t11r overlapping 
regions hy t11c p h m  2. 

An pxmplr: of the case I3 hm d r e d y  drscribed in 
the previo~~s wction. Hpre we will show an exmpEc of 
tlic! cmw A.  SLIPPOW the charmter ' ' is mimed nirt 
of tlre list of c ~ n d i t l ~ t e  rlimactrrs in Fig. 2. Threc pro- 
not1118 
' 2 a '(this). '3 0 '(that) and ' €  d3 '[it) me extracted 
by t h~ apprmirnat.te word rnrrtchiG with D = 50%. Note 
tllat we haw no information to d~termint? wl~icll is the 
mmt plau~i'tllr: word. heclrirw ill1 of the ~tnd~rlinrtl char- 
x tv r s  are ~ q i i r n d  by the phasp 1. In such a case, t l t ~ w  
c l l ~ ~ t e n  rrrr rccogr~izcul wnin for t h ~  s~lwt.ion h a s 4  
on tt~cir shnlm. 

5 Experimental Results 
To verify the cffectivenm of o i~ r  method. exp~ri- 

mcnts we conductcnl lor i m a p  of 50 sample scntc~lcfs 
irclttdin~ 637 rharwt~rs .  TIIPSF: wntrnces nrr pirkrtl up 
frnrn A texthonk of Jrrpmmt- grammar, m tllat tlit-y 111\v~: 
varini~s typm of syntactic mind wmrmtic pattrrns. For 
tlw experiment. wr utilized the word clirtionary incl~~cl- 
i t~g 4 12 words. 24 mmrnxr r~rlm. 50 winantic catrgorim 
mud 129 CWP frmnm. 

For the purpnw nf compari~ion, thr following two 
~!ctIlnda mr appl id  h m i d ~ ~  our ~nrthod: 

A )  Word tnatching mctltotf 

B) Our rnctllod witlioirt thc rr-mognitio~i p l ~ ~ t :  

T~IE! rncthod A cxtrmts all ~ O S S ~ E > ! P  wnr11~ soll~ly 1)y t.hc 
word matching wliisli is the sanlr: onr usrrl En nitr mrtl~nrl, 
cxrrpt t h ~ t  ttir value o l  D i s  f i x 4  to 50%. Oiltpi~t srn- 
tmrm arr gmcrrttrrl by cornl31iiirig the rxtrwtrtl wnrdx 
it1 snrh R way that 110 rcgions of war(l~ ovrrlaj) with 
em11 nthcr. T l t ~  pnrpow of ~pplying t h i ~  ~nrtlrnrl is to 
rnpwilre thc pnte~ltid ~ i z e  of the scarcli spwr travcrsccl 
hy tlir word ~natchir~g. xs well RW ttic wciirxy of tllr 
wort! rnatct~i~~g. On the other hand. tllc mctlrod I3 is 
rrpplird to rlrt~ionstrnt~r t l t ~  rffcct ivrntss of tllr syntactic 
tr~t(F wmmtic confitraii~t~ on scntrnres, by dctwliing tlrc 
rr-rrcagni tion pltwc. 

Tl~r p c r f o r l n ~ ~ ~ c ~  of t h e  mctliods i s  rnr~ttred %>y 
tiir following two rritrrin: the nlumhrr of pnrr~ltrr l  sen- 
trnrw ( N ) .  nnrl the cnrrcct rrttr of grnrratrrl s r t~ tmrm 
(R). T ~ I P  n ~ ~ n h r l .  of g n r r x t ~ d  s rn tn~r r s  ( N )  inrliratm 
that tlip ~ V P K R ~ C  ~lurnllrr OF ~ ~ n t r n r w  plrllrratcrt for one 
srr~nplr: itn~ge. T%IC ctrrsmt rxtt: of gsnrraterl wtitenrm 
( R )  is to milrrslIrc tllr aljility olgrnrratirlg a rorrrct WII- 

tct~rc on rontlit.ioti t l ~ ~ t  ~ii~~lt iplt :  smtrnr.rs arr allowrrl 
for one s m p l r .  It i~ drfinrcf R.; R = N , / N ,  whrrr Art 
silt1 N, drt~nLr llic nttml~rs of corrrrt smtrncrs i~~cl~rrlrrl 
ill the gcnt-l.at(~1 ~ m t ~ n c m ,  and t h ~  n~lmlrrr of sanlplr 
~cntmms.  rcsp~ctively. 

Ttir rrsiilts arc sltawn in Tablc 1. Notr !])at tlir 
charwtrr rwognitinn rate for sample wntmrrw i~ 83.0% 
withnl~t tllc ]>nst-prorrssliti~ TIIP vrrli~e of N for t l l ~  
rnrtlrnrl A drmnt~stratm that ttw con~hit~atnsid expltb 
  ion O C C I I ~  ill rmc tlw warcI matching is solely applir-(I. 
In drlition. the ~ne t l~od  A is not w acstzratc hr.crtiisc tlic 
vdtte nT R is  oilly 74.0%. This ~ltows that only 74.0% of 
sc~~ tenrm cat1 I>r rwognixd t.vm if dl rorrrct smtrticrr: 
m RTICC~MI froill the olltput. 

Tllr rmtlts for the mrtlrod 13 irldicat~ that thr syn- 
tmtir: a~nrl wl~lantic conatrints arc rffrctivc cnougli to 
rrclirct! tlw P11on110118 W X ~ T I I  SPWP. T11mr co~~straints arC 
Allso cffcctivr tn correct errors in thc cllarxtcr rccogni- 
tinn, h w m t s ~  I? is notably improvrrl in comparison wit11 

that for the method A.  
The rtw~~lts for our method rcprwnt that the correct 

sentcnm can lie w l w t d  by the rr-rmnglition pllkw 
witl~oiit drgrding thr cnrrcct rate of g r n ~ r n t d  wn- 
Lents (R) .  Focusing on c l~arwtc~s .  thc rrcognitints rate 
of 83.0% is improved to 98.0%. 

Ron1 tllrsr resi~lta. WP can conclrtde that our rncthod 
is cff~ctivr mtd rficirnt ~noilgli ro tnrrwt rrrom of char- 
R C ~ C I .  rc?copiiLion in  in~agm of low quality. 

6 Conclusion 
Wr have prewntd a nrw method of post-procming, 

which incorporatm NLP s p t ~ r n  to improve thc effective 
nms and eficirncy of t h ~  ~pproxirnatc word matching. 
Tht! cltwartrristics of aim rnpthwl are snrnmwir~d as 
f0l ~OWR: 

a The dictinnary words tested at ern11 utrp ol thc 
word matching are liinitrd h m d  on the ~ f l t ~ t i ~  
conatrAn ts. 

r An extriwtd word iu verifid from the vipwpoint~ 
of syntiix ucnd wmantics. 

Tllr Facility for amamption of chwmt~rs mablrr; 
11s to rorrwt rrrnm nf chlrractcr recapition in one 
rha r r t c r  words. 

Thc futt~rc work to Iw explord is to cope with the 
crmrs of ~ I i ~ r m t ~ r  mg~nr~ltation. 
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