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Spelhng Correction Method for English and Katakana

in Japanese OCR Text

MiINORU HATADAt and HIROHIDE ENDOH?

Usually, OCR (Optical Character Recognition) devices introduce lots of errors of substitu-
tions, deletions, and insertions. This paper describes a spelling correction method for English
and Katakana in Japanese OCR text. The proposed method consists of two steps: selection
of preliminary candidate words by calculation of the hash distance between the input word
and each word in the dictionary, and selection of final candidate words by calculation of the
Levenshtein distance between the input word and each word among the preliminary candi-

date words.

The hash distance is a measure of similarity of two words, which uses a hash

value mapped from string, and it satisfies the property hash-distance < Levenshtein-distance.
This method uses the dictionary of first-order array structure, which has no restriction on the
number of spelling errors. If Levenshtein distances are equal each other, candidate words are
sorted by their frequencies of use. This improves the ability of spelling correction. Examples
are given to show the effectiveness of the proposed method. For the word-length 6 to 8 byte,
the calculation time of hash distance was reduced to one fiftieth of that of Levenshtein dis-
tance. In case which the dictionary includes about 11,700 words and the numbers of spelling
error per word are one to eight, the average computing time of selecting candidate words
were 11 to 40ms. For error rate 40%, hit ratio (probability that correct word is the top of
candidate words) and top five ratio (probability that correct word is among the five candidate
words) were respectively 73 to 93 % and 89 to 98%.
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ANRIVEED OFTIEEOBIZE T, XFEFIROMHEED
BEAETDIOLLT, L=y ady f VHEEITL
BLIEHW LR DD,

ELVWEEZRTITY X =21,22,...,Zm & A
NRVBEYVDBHAXLFHNY =y1,y2,...,yn DEOKIEL
ErgRTL—Nri a2y 4 VEEdm,n) &, ROK
DR LETETROLZEHTES.

d(4,5) = min{d(i — 1,j — 1) + ws(i, §),
(i, — 1) +wi, d@i ~ 1) + wa}
d(%,0) =1 - wq,d(0,7) = j - w;,
ws(3,5) =0 (zi =y;)
—w, (5 # 1)

ZZT, ws, wi, wg XFNFN, BFE, EBEA,
REDEATH 5.

XFH z1, 22, ..,z EXFF y1,92,...,y T
BypeE, Bldi-1,7-1)+w,(4,7)]) &, XFF
T1, T2, -, Tio1 & LT y1,u2, .-, yi—1 DRI L,
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N: BEROHFER

Cand=0 (Z&£4R): BHHEFEOES

for(d=1; |Cand|==0; d++){

for(n=0; n<N; n++){
if (Dist(X[n],W)==d)
Cand=CandU{X[nl};
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22 200XFH W & X[n] OBOHESE, X[n] 38
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YT AT T BT, FEEEOBRFUIEHITIT
bhs, LaL, SOFEREIARVEII DRV E
FRIRICZ o CTWA, F—XF2 2R ERIFA (72
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W: ATTHGE (BolANN)

N: FEETOHEEK

MIN: fEREFEHO TRIE

LD{]: L=~ a¥ A RS
HD[]: /v o = BEEEELS)

Cll: Ny P alEEIC L 2 RAHEERS
//Step 1: Ny T a2 EEOFE
HW=Hash(W); //WDNv > o flit&
for(n=0; n<N; n++)

HD[n]=HashDist(H[n] ,HW);

//Step 2: EHEFEORER

example (L
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Cand=0 (Z=£4&);
m=0;
for(d=1; d<|W| && |Cand|<MIN; d++){
//Step 2.1: /Ny T2 BREEIC X B RAEN
for(n=0; n<N; n++)
if (HD[n]==
Clm++]=n;
//Step 2.2: C[] % HEMERMERIECHEUE L
gsort(C,m,compare_function);
//Step 2.3: L=y EEFEE
for(k=0; k<m && |Cand{<MIN; k++){
n=Clk]; //HFEESZniltv b
if (HD [n]==d)
LD[n}=Dist (X[n],W)
if(LD[n]==4)
Cand=CandU{X[n]};
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}
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% L7707 55T, BEDANRVF 2y 1k
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ERESE LD O, BREESEVIELT 5.

ZIT, Ay vakwninld, —RICTEENXT
ﬂu%ﬁ%ﬂrﬁﬁéémf&%.ﬁﬁwm@mﬁé
HEgE L723BE, (22 2XFH N LTy & ol
—HTAERENST D] O, Ny v aEROE
KEHTHBD, AAWENVETEILBT BNy ¥ all
3, FEX [Ny vall#E < L—RXYT a2y AU
| AWy D2 EEERIEL HashDist 23N 5 b
DTHRIFUTE S %WD . KRLTHVSE Ny Va7
W) X L% DTICRT.

[Ny Ya7hTdy Xha-1]
HX=0; //XFH X DNy v afl
for (LFFI X DT RTOXLFX[i] 12
if(X[i]1 A% 1 /84 b 325
HX DY v+ (X[i] mod 64) 2t v b
else
HX DY v b ((X[i] mod 64)+64) -t v b;

DWTH{

}
ZIC, X[ EEN X FoE i HFROXFEEERT.
WE, WD TV hBRGEIEY MIBEBEIND
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A VHEBETE L VHREVICEETH 5720, &K%
BERBRRREOERIIFST 5.

Ny T aTIT) X L1 T, EFELH 5 HF %5
DY MIBEHLTWA, gL a5 7+ ORAEHREE
BrWRE, Ho50 U, HEOY —FHE 2 EHEE
HBHVIEH YT HEHBICRET L, BFELh s
HFEELEY MIBEBLTO LW, ZOLEDNY
a7 VT AL EUTIORT. Ny a4 X8
NWAMELRB.

[/vy a7 dy) Xa-2]

HX=0; //XFHIX DNy ¥ 1 ff

for (XFEH X DT RTOLFX[i] 122V T)

HX DOV v b (X[i] mod 64) 2t v I

RFOKRXFE, MNF2XHEY, 72, 4507
EEG LI L EOELRYPE 2D I LERFFEIL, K
WKRTENINY a2t A X% 454 MThght 562
EWTED.

[Ny 27T X 4s-3]
HX=0; //CFHIX DNy ¥ 2l
for (LFEFI X DT RTOXF K[i] D7)
HEDY v b (X[i] mod 32) kv I;

CH+ERBCMADEHOFRT A T4 N1+ T
HoH, L7zh>T, SNAFHDLWIEL16 N1 F Dy
DafEREOE EFTRERRPTELRZY. 22T,
7TV MNRIATOS S I VSO EE»LT,
FLwr—48 (79 X) HASH 2EA L, HET
DA =T ALYy MEEMIMTZ A L1
L7, ZOFER, Ny VBRI Ny v aEDOY
AR R L, ROL I DY R TR TERT
5.

[/vy 22 PEBEEAR)
HashDist (hX, hY)
{

hZ=hX & hY; //¥ v b T L O AND HE

if (hZ==0)

return 99;

nXZ=countBit (hX-hZ);

nYZ=countBit (hY-hZ);

return max(nXZ, nYZ);
}
ZIT, MBI BENEFNLEN X BLUX
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FHY T ANy ViR ET. countBit() X
Yo b 1OBEEESIY Y P TABEKTHAS.

(hX-hZ) I XFEF X 12HoTXEH Y %W
FEEL, (Y-bZ) BB FEF Y 12H > TXFES)
X ChWXFEHT LD THS.

hZ H%0 LWV IIDIE, WFF X LXFH Y c#
BEYAILFV RV ERERLTVS, RIZHT
ERIERIE, LRy vas AV EEIZOBE
max(|X|, Y1) THBA, ANNFHE F o7z @
FTOXFVRVEELEHETLORIAREGETH L
O, B 09 (EBLE, BRARLFEL) & LT, ER
BIZERmDPSBRIALTWA, T/, Bl T5X912,
IDAFy TR, Ny Y2 EEETERE O KGR
BEILIZFES L TWw5,

TFEFIHOE A DL FE, Ny 2 lED1 2D Y
MIBBENRTVWS, ¥y b dT1THIENIZ LT,
XFEFIFIL, Oy MIBZEINLEXFENSELE
bLOFETEIELEEBRLTNS. ¥y b0 L
WAHZ LR, TOVY MIBBENATFEEINT
WHEWZ LR BT S, L7225, (hX¥-hZ) DH 5
Yy b OED 1 THRIE, TOEY MBS
FERLFH) X 1EP R ED LOFETAH, XF
FlY KEEInTwiw, Thbt, BELEEL
HETTESL, XFF X 022000 FEFRLEY Y
MIBBRINE T —ADH Y, EE LTV FELR
TWTh, IHFEPER BT — A%y ¥ 2B TR
TEZWY, (hX-hZ) O¥ v b 1 OEM nXZ 13
B FEIIREORKIIF LR ELITER LY B
B, L7zAoT

nXZ < BEF, BREHR
< #T, BiE, REAK
=L—Rria¥y (i

LB, AR

nYZ<Lb—Rviay Al
BERONA, Lol &b,

Ny Vo< LRy oy [ EE
B Y 3D,

Yy b 1OEBOEHELT T MDD, 254 b
F—=5DEy M1 OMEET T AVBRTHETNS.
Y, AN PEEGSTOLELEHELT, 0T
HweE, Ev Moy M2 2HOT—T L
BREIMETIT). 16 54 M A XDy ¥ 28Ik
LT, ZoBREr 4 BHEDET

I, IO T7 VT ALZEDSL, L—RUY
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[L—A~RCP141 IESBE]
Dist(X,Y)
{

wX[1; //58 - CFa— W 251 F B

wY[];

for GLEF X DFRTHXLF X[i] 22V

wX[il=X[il; //FRINA MIZXFI—F
if(X[L] I HFDE 234 1)
wX[i] O EfiNfric2% -ty b

}

XFEFIY 20wy Z{ER; // L3 L R

I=XFFIDESE;

I=XFFYORE;

for(i=0; i<I; i++)

for(j=0; j<J; j++)
DLi+1][j+1]=
min(D[i] [j1+Comp(wX[il,wY[j1),
Dli+1]1[j]1+1,D[i] [j+1]1+1);

return D[I][J];
}
ZZT, B Compx,y) i z=yDEED, )T
ZiFud 1 2R .

NV AT, AFHFIE254 D TERIFEEIN DD,
EINAVERREFE-BTLIENDDE, DD
LRy vay 4 VIESEOMIC, By FDE2
NAMBEEEFRUTEXE7T— 7 2R LT3,

2.5 F—2iEE

YAFTATHIGTE B ARNVEY KICHIBHPEE N
WL, BET - SHEEB LUBRRHEEERINTE
IHEF—FIE, VTN TT M TF—T NS L
L7z, ZOR, T—5 002 B L UREIZCH+
TUTFGIVI VAT LOFED ANSTHD T AT 5
U B3%% bsearch, qsort @At FNE FFFTE, BHikek
T, AVNTMBRARVF 2y HEBEBTE L.

A LTOFHET - EEZEL IIRT. BiER
HEEDZD, BEFFEMI ) 7IBICED, £
DERA VY EBEYAINERT -7 VIH->TWD,
BERLAVIORDYVICEF 7y F2EOEZHLD
505, FOHE, HEEY X P BOHEORE, LU
ZICDBELRERFEEVA N0 - LT/
O, AT 7VIHB/)NAF ) —F A bsearch,
7492V —1 B gsort PRHEICIMEZ R 2B,

2.6 ANLVF v hDALTUXLE

WEERIDANNF 29 AT, 2—F Ay 71—
ANBERRLE LD, R—AL LT, FF¥APIF ¢
¥ L FROBRED L E L B, BBV AT L TR, Mi-

CH I AFOANRVED ETIEE
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Fig. 1

crosoft Win32 API ( Application Program Interface:
Windows NT, Windows 95* TH:K— k) OLF 1
FeayhbO—=VERWT, TEANLF 45 FER
L7,

77 ANVDABNB LUOXFHORE - BROL—
YA %7 x—Al, Win32 API CHESILAA
Yh -FAT7UT Ry 7 ARFHLZ., ARLVF 2y
HOERE BB EBRHERRT A AT UKy o
ADHIBEREL 7.

0L BRTTU—FIZEY, TAEERLETFEALD
T7 1 5 Bfkix, #5007 TEBTE L. 20k,
AR T 2y A OFERBERED 900 17, FRMIHEEEDT 500
TRETHY, #EH H1,90017TH5.

K2 22 NF 2y HOEEPIEZRL TS, 2D
BITIE, RISCOI (74} #1 (Z) IZEoTWw5b
e, B EESUHEEL LT, B EN, BHESA
TZEEEV R L 4TEICRREND L1, HEIMIC
Ar0=V§5h. BEEHELT, YAMKRY 2 AL,
L=~y iasy A8 1o RISC, #H¥E2 D RS,
RSA, RAS, CSCHRRIN TS,
O%—BHIBET 258, [BIE] X522y

755,

QE_BEHUTLBAL XIE, VAMNKY 2RO

FHEr) v 2 LT, BEBEHL TS (LD
TRy 7 ABAVEGENRRENS). KIZ[1B
Fl Ry %27 YvoF5,
OHEFIREROELVEETH > 72HE10IL, [#
EiIEBM] Ky %229 295,
@E|L LV L, FHIIEHLrvwE 23, (8

* Windows NT, Windows 95 14X Microsoft Corp. D%
SRHIETH 5.
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BHO2ANLF x v HTEH, 2—Y A /87— ADEERRES. B
—2ELT. 27 U—-UIF R ERBORENLES 35, 3
W 5C AN F = » DOBEFETL TS, COBITE. Wl 5

L CRIBENS, RISCOL (7o) A (L) (& &

BEICIIL

AV ERE:

EIEEH:

2 ARV xyhOHEIEH
Fig.2 Display screen of spell checker.

Bl Ky 2 r)vr5h.
PDEOWTFNLOBELITH &, ROBFEOHIL
BB [y V] K50 %220y 7 LIRS,
L Lk, HEICLERET, ¥4 7ur Ky
P AR IO —RXL, ARVF v JMBAETT 5.

B, BEOYYHLIETRE (REF, #5047,
BIXUOZOMOARET-F) O%b ) HOMRE % £
A LTWah, BEPFEFIUTTE Ty — AR &N
DB S, WL OPOFNLESIT-> T 5,

72 & 21%, [Info Il ation ] ® X 912, EFDRIZV
S BPNOEAT (HAREI—F) 2%%kE&, 20
EHFEFOL X3, BFELHML, 2AXFLEA
REfErHEL LTYYHT. OB EERNLZD
i3 [Internet & Intranet] D X H12, 2 DDFEHZEZ
Uod% (BEF) dHRENL T —ADPEN/OTH 5.

F72,11 (=) % T1) (BF) KB hE, ®F
B OEFEANDERR LT 2720, HEOYHH
LT, EFrHFER—FEL LTV,

3. XBRBERBIUEER

31 EBR&EH

EERIEE LR, 215 ThRATI VL —
YEED 2 — AL F—oME L, RYEFIELTE
B L7z, HERIIN 11,700 35 (EELEE | # 5,000 7%,
h & HFHE 67005 THDH. T, HEENE
i L72< ¥ >~ i3 Pentium Pro*/% 2~ (180 MHz,
32MB) TH5.

STIEASRE ORI, BFEMERICERL =2 —
AL ¥ —D—F ($400KB) b TWwBHEH
0,800 FEDREEL H\W iz, TORMEEIEA, RE,

* Pentium Pro 13 [# Intel Corp. DHIETH 5.
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1 Ny Y BRI ERRN

Table 1 Calculating time of hash distance.

Ny a4 X (byte) 4 8 16
Ny Yoo FEEEHEEEE (ms) 2.3 2.8 7.5
FE o aN wy | EFE | E%
Hitd 7 ) oA (us) | 0.47 | 0.56 | 0.64

100

—e—HashSize=4
~M—HashSize=16
—&—HashSize=8

80

60

40

B ETERRFER (ns)

20

1 2 3 4 5 6 7 8
AVRE D $)
3 MR E Ny ¥ oot £ XD
Fig.3 Relationship between candidate-word selection
time and hash size.

BEEZE L VR (£41/3) T V¥ LIIRESHE
TeXER R AJEEEE LT, BRWEELRRL .
¥, KEORBIZOCRICL - THONZT—¥
W2t A EBRERLRT.

3.2 NyiayMX

Ny YA R ERRIIATEEC L > TEPRR
%. AJJHZE Evinrba & §EH O BEE L OB OERR
BAR1IORT. EEDL)OFERMIZ, ~Nvia
P AZXDBRKREVITZEKRELCRBD, FAXIHHFILT
WBbIF TR, BdASV, SR, Ny Yol
AT, 2 00XFEHOBICKEBTHXFPENT
EBHL MR ok i, FNLEORE LY A X v
T LT, MEEROEHRER>TWSED, Ny Yot
AZXRREVEEZOHRIEIKRENVLDTHS. Ny
a4 X 4T, RXFLAXESRF S NEW
2, Ny a4 X8 XN LMK TTAH. Ny
Ya A X16 T, BEthyhFBoNy i
S EII T RCUBEROEVWAF y S V- % L b
7o, Ny a4 X8 X)L BmANOREIK X
V., AF v SEERRCE, REziENy a4 X
16 D& XDy ¥ o FEEET R 48%3 D 11.1 ms
(0.95 us/38) L% %.

Ny a4 XL EHEERIREEOBREERS 12
RLTWwS (EHEFERTIEME MIN =5).
WEROBFFE T, BE, REORIFLIXFER
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(b) &0 B & ETERE I DR
MO 1| b2 | MY 3 Mh4 ] MY s | AE
A 88 184 57 19 1 349
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