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The explicit definitions of two tYpe5 Of line pattern$ are introduced

ns土n9七he connec七土Ⅴ土ty nⅧber and tbe number of トp土x81s ⊥n 七be 8-nei9hbor′

and then para11eland sequentialthinning algorithms for binary and grey-1evel

images are proposed･Thinnedimages are one pixel thick and topologically

eqyivalent to the orlginalimage$.

By a character recognition experiment(the$e thinning algorithJnS Obtain

the better result than other two representative algoritbms in the fom of the

resultimagesr and the processing timeand the recognition rate･

ReY WOrd;Thinningr =mage Proce$SinglPatternRecognitionr Character

Recognition.ocR,Skeleton.Ero5ion,Computer Viさion

Thinning algoritbmin the digitalpicture has playedimprtant role5both theoreticallY

and practicallyinimage processing and computer vision sy5tem･=t have ken widely u5ed

for feature extraction′ data compre55ionr 5hape description and so onin characte

recognition(image proce5Sing(3-Dimentionalrecognitionon computer vi5ion･

The thinning a190rithm of a continuous binaryimage wa5fir5tintroduced bY Bltm[1】in

1964.Rosenfeld【2′3′4】pinted ont tbe relation b8tWeen tbe 七山nnin9 a190正七bn and tbe

connectivityin digitalpictures･Yokoi[5]propoSed the connectivitY nuJnbersin digital

pictures and the sequentialthinning algorithJAS based on them･Tanura[6]propBed the

parallelthinning algorithms usinglocaloperationmasks･

But,thinning algorithm have some problemsin both the theorY and the application on

character recognition(inage processingr computervision and500n･The first problemi5that
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the definition of the res111t picture(theline pattern)is ambiguo115in the 5et theory.The

SeCOnd problemis the form of the result picture.There are serious three following problems

in the character recognition.

(1)The shrink and the disappearance of the characterlinein the resul七 picture occ:ur

frequently･

(2)The noise branchis appeared bY thelittle noisein the border of theinput picture.

(3)One cross sectionin theinput picture becomes two branch pointsin the result picture.

Zn this paper,We define theline pattern,Vhichi$the result picture of the thinning

algorithm,uSing the 5et theorY eXplicitlY.We propose the new para11el and sequential

thinning algorithmsin binarY and greylevelpictures.

2･Basic Definitions and FundamentalProperties

We start with some elemen七ary definitions.

【Definitionl】(Picture)A digitalpictureis
a声ini七e rectangular array of"points.I･AnY

■lpoint"in the arraYis specified by a pair of nl皿bersi,j(1≦i≦m.1≦ j ≦n),and eac

POintis called a
pixel(Or Picture element).The pixel(i.j)has

one of the t-grey-Values".

A picture having the value fij at the pixel(i,j)=Ⅹis denoted bY F=(fij)･:EspeciallY,

the picturein which greY Values of pixels are O orlis called a binary picture･

【Definition 2](Neighbor)The neighbors of a
pixel(Ⅹk)are

identified by the eight

directions shownin Fig･1･The four pixels(Ⅹ1.x3,Ⅹ5,Ⅹ7)in the odd directionsis called4-

neighbors and the eight pixels(Ⅹ1,Ⅹ2,...,X8)is called8-neighbor.

【Definition3](Connectivity Nunber[5])Let B=(bij)=(b(Ⅹ))be binary picture.Two-tYPe50f

COnneCtivity nunber are considered here.

(1)Connectivity Number for4-COnneCtivity

Ng)(X)=昌b(X2k-1)(1-b(X2k)b(X2k･1))

(2)ConnectivitY Ntmir for8-COnneCtivitY

N飢Ⅹ)=昌両諒市〈1一両右転う)

ノー1ノ ノ+l

エ4 エコ エ2

エS エ エl

エ6 エ丁 エ8

F土9.1Ne土9bbo血00d xk of x.

【PropertY]=f the pixelvhere the connectivity nunber is Iwould be deleted,.

COnneCtivity of the picture does not change･

【Definition4】(OperationF｡rn)Tw｡tyPe$｡fthe｡Perati｡nf｡rmareintr｡du｡ed.Let F(mt=(椚
be the m-th processed picture･andlet F(0)=1fij(0)‡be theinitialpicture･The parallel

OPeratOr uSeS F(m-17r but the sequentialoperator uses bothF(tn-1)onthe unprocessedneighbor and

F(m)on the processed neighbor･

3･Def土n土七土ons ofI止血e pat七eエ･n and℡h土nnj･n9Algor土七b皿S

3･1Definitions ofline pattern

We propose the definitions ofline pattern based on the set theorY･=ntuitively we can

think that theline patternis the picture that the width of anylineis one dot and thatit

does not include the 2x2 dots subpicture(Fig.2).But this definition have the serious

PrOblem for the thinning algorithn･Thatis,the win血ill-1ike picture for 4-COnneCtivity
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□ ･‥

F⊥9.2 2x2 bloek of]トpi】ほ1s.

●

アユ9.3且Ⅴ土ndmill-1土ke pエcture･

(Fig･3)is theline pattern･Becauseif you would dele七e any Pixel,the connectivity of the

Picture would be changed and YOu COuld not tran$formitinto theline pattern.

【Definitionl】(Line pattern of4-COnneCtivity)

We define the line pattern of 4-COnneCtivitY aS the pattern where the all pixels

SatisfY One Of the following conditions.

(1)Nど)(Ⅹ)≠1

(2)S(8)(Ⅹ)≡∑b(Ⅹk)≦2
k=1

This definitionincludes the Fig.3 and we think that this definition agree5With the

intuitiveline pattern.

【Definition2](Line pattern of8-COnneCtivity)

We define the line pattern of 8-COnneCtivity as the pattern where the allpixel$

Satisfy one
of the following condition$.

(1)Nぎ)(X)≠1
(2)S(8)(Ⅹ)≦1

Where condition(1)of these definition$ Shows the twice border points,and thi8

COndition preserves the connectivity of the input pattern.Condition(2)0王 these

definitions shows the preservation of the end points･ Wei11ustrate the examples of the

line patternin Fig･4t5･

3･2Thinning algorithms for binary pattern
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Fig･4An example of4-COnneCted Fig･5A example of8-COnneCted

line
pattern.(NⅧlberis the line

pattern.(Numberis the

ConnectivitY Ntmber) Connectivity Number)

55



56
S.TSURUOKA,F.KIMURA,Y.MIYAKE and S.YOKOI

We proposed the thinning algoritbm5based on the previous definition ofline pattern･

【Algoritbml】(SeqⅥentialThinning Algorithm for BinarY Pattern-STA)

=f nol-pixeldelete over the frame5Can(this algorithm willstop･The
scan of this

algorithn$tartS at the topleft cornerlike a TV scanlit ends at the bottom right corner

(fig.6).=fl-pixelsatisfy the following everY COnditions,the pixel

Chan9ed七0 0-p土Ⅹel).

【1】Deletable conditions for4-COnneCtivitY

(Conditionl)Condition for the border points

S(句(X)≡∑b(Ⅹ2k-1)(汀卜1)<4
k=1

(Condition2)Condition for the preservation

Of the conneくコtiv土ty

Nぎ)(x)=∑b(X2k_.)(n)〈1-b(X2k)(n)b(x2k.1)(n))=1k=1

Vbere′

n=
m(X2,X3,X4,X5:prOCeSSedneighbor)

m-1(Xl,X6,X7,X8:unPr∝eSSedneighbor)

Willbe deleted(be

Fig.6WaY Of scanning the pict11re･

(Condition3)Condition for the preservation of the end points

℡bel-p土Ⅹelsatエsfies tbe followin9(コOnd土t土on(a)or(b)

(可S(甲(Ⅹ)≡∑b(Ⅹk)(n)>2
k∈S

(b)址e トp土Ⅹelsa七土sf土es one of tbe masks(a)-(d)土n F土9.7･

(a) (b) (c)

Fig･7Ha5ks for skeletonizing binary patterns･

(エ｡也ecase(d).也ene土由brp土Ⅹd㊤1salsoel土mlnated･)

【2]Deletable conditions for8-COnneCtivity

(Conditionl)Condition for the border point5

S(句(Ⅹ)<4

(Condition2)Condition for the preservation of the connectivitY

N@)(X)≡昌b(X2k-1)(n)(1-b(X2k)(n)b(X2k･1)(n))=l

(Condition3)Condition for the preservation of the end point5

Thel-pixelsatisfy the following condition(a)and(b)

(a)S(8)(Ⅹ)>1

(b)Thel-pixeldoesn.t sati5fY the masks(a)and(b)in Fig･8･

【Conditionl]is the condition for thelocation of the result picture.[Condition2]

is the condition for the preservation of the connectivity of theinp11t Picture.【Condition3]

is the condition for the pre5erVation of the end point5 r the mask$arenlt sBymetrY･
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(a) (b)

官主9･8班asks for prevent土n9eXeSS土ve el土m土naセエons ofl-pixels･

【A190rithm2](ParallelThinningAlgorithnforBinaryPattern-PTA)

parallelAlgorithm processes allpixelon the picture concurrentlY･To preVent the

di5aPPearanCeOf the2bit5Widthline,thethimingprocess aredividedinto4-SubcYCleヨ･

First subcYCle(ml)proce55eS
thel-Pixelwith the neighbor x3Whichi50-pixel･Second′

third.fourth subcycle(m2(n3,m4)proceSSeS thel-Pixelvith the neighbor x7･X5,Xl,

respectively･=fl-Pixe15Satisfythefollowingeveryconditions,thepixe15Willbedeleted

(b changed
to O-Pixel)concurrently･

【1]Deletable condition5for4-COnneCtivity

(Conditionl)Condition for the border points

S(の(X)≡∑b(X2k-1)(山)<4

(Condition2)Conditionforthepre5erVationoftheconnectivity

NどP)(Ⅹ)=昌b(X2k-1)(mc-1)(l-b(Ⅹ2k)(mc-"b(X2k･l)(mc.1'〉=1
Where′

C∈(1,2,3,4〉

(Condition3)Conditionforthepre5erVationoftheendpointB

S(瑚(X)≡∑b(Xk)(mc~1)>2

【2]Deletable condition5for8-COnneCtivity

(Condit土onl)Cond⊥t土on
f∝址e如rdor匹土nts

S(4)(Ⅹ)<4

(Condition2)Conditionforthepre5erVationoftheconnectivity

NぎP)(Ⅹ)≡嘉b(Ⅹ2k-1)(mc●1)(1
b(X2k)(m叫b(Ⅹ2k.1)(mc~1))=1

(Condition3)ConditionforthepreBerVationoftheendpoints

S(8p)(Ⅹ)>1

Thisalgorithndoesn･thavethea5ymetrY,50itdoesn･tu5etheasymetriclogicaL

masks.

3.3地主nnln9a190r土七bms foご9rey-1evelpattern

=nthebinarythinningalgorithm′thedi$tOrtionsoftheresultpictureatthebranch

pointsorcrosspointsappear･Topreventthesedistortion,WePrOpO5ethea190rithu5ing

57



58
S.TSURUOKA,F.KIMURA,Y.MIYAKE

and S.YOKOI

the greY-1evelinformation at the pixelin thi$ SeCtion.

【Algorithm3](SequentialThinning Algorithm for GreY-levelPattern-STAG)

(STEPl)【Preparation】BinarY Picture B=(b(Ⅹ))is made from theinput grey-1evelpicture

using the thresholdlevel.This $teP SeParateS the"Object"from"Background…in theinput

Picture.This thinning algorithn processes the area of ■10bjectll.

(S℡Ep2)叩blnn土n9prOCeSS】℡b土nn土n9a190r土七bm processes七be follow⊥n9(Sub s七ep)about

the greY-1evelT=Tl′T2,‥･′Tn(Tl<T2<･･･<Tn,Tnis the maximun of the greY-1evelin the

input
picture),Se耶entially.

(Sub step)Thinning algorithm processes the following operation about the nⅦnber of the scan

m =1′2,･･･(SeqPentiallY･The algorithm stops if the processed picture equals the

PrePrOCeSSed picture.

The scan starts at the topleft cornerlike a TV scan,andit ends at the bot七Om right

COrner.=t finds the pixelwhere f(Ⅹ)=T,and check the deletable condi七ionsin[Algorithm

l].=f the pixelsatisfies the every deletable conditions.the pixelwillbe deleted.七hat

is,the pixelvillbe changedinto O-Pixel.

(STEP3)[postprocess]The picture with the eoncavein the greylevel(for example,Fig.

9)doesnIt changeinto theline picture･So that,this step changes theinner points where

the a11neighbors arel-Pixels(S(8)(X)=8)or thelocalminimumpoint$Where the grey

levels of allneighbors are greater or equalthan the greYlevelof the pixel(f(Ⅹk)>f(X)

)土nt0 0-pエⅩels.

【Algorithm4】(ParallelThinning Algorithm for GreY-1evelPattern-PTAG)

This algoritbmis the same as the previous[Algoritbm 3]except for the deletable

COnditions･The conditionsis the same as the[Algorithm2].

3･4High speed process using the coordinates table

【Algorithm3]and【Algorithm4】take alot of time for scanning the picture･To prevent

this problemr we propose"the double table method of the coordinates".･lThe first tablel･

StOre the x-Y COOrdinates of the pixelwhere the grey-1evelis greater than the threshold

from theinput picture･..The second table･一 store the x-y COOrdinates of the pixelwhere the

grey-levelis T from Mthe first table･･･These algorithms use･lthe second table･･in the

thinning process,and don･t 5Can the picture･Thi5methodis usefulfor the picture where

the rate ofl-Pixelislittle′ for example(the character picture･

.
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4.Some ExperimentalResults

4●1Comparisonwithother binarythinning algorithn

ェn this section,We COmPare
Our
algorithns(STA)with

other representative thiming

algoritbms･WeselecttwobinarythinningalgorithmusingthestudYOnthecompari50nOfthe

line thiming algoritbms[6]･First algorithmi$the Yokoils algorithn(YTA)[5]of
the

sequentialprocess･Second algorithmis theT皿nra-s algorithn(TTA)[6]of
the parallel

wecomparethefollowingitemsforeachthinningalgorithn(Tablel)･

(1)The shrinkage of theline:We eXamine the sum of the 4-direction 5hrinkage from the

border using the artificialcross picture(Fig･10,キ1)･STA get the best re5ult･

(2)The nunber of the superfluous branch&processing time:We examine the ntmber of the

superfluous branch and the proce$Sing time per character(FACOH230-38s,FORTruN)for
the5

sets ofJapanese character"Ratakana"(46 categories;tOta1230 characters)in the fre

handwritten database(ETI.1)made by the Electrotechnical工･aboratoryinJapan and Fujit5u

Ltd.TTA takes the best result on the number and STA takes the best result
on the proces5ing

time･And u5ing high speed processin the section3･4canreduce the processing time of STA

ヒo about 500ms.

(3)Evaluation of the form:=n the thinning algorithm,We desire both the shrinkage and the

number of the superfluous branchlittle･We propose the product of them a5a neW Criterion･

The quantity of YTA nearly equals to the STA andis half of the TTA･

4.2Comparison with other greylevelthinning algorithm

℡ablelCompa工･土sonof b土na rythinninq alqorithm5

Y ℡ A T で A S ℡ Å

Number of shrinkaqe 26 66 22

Number of branくコh 43 40 58

℡he produc七 Of them 1118 2640 1276

Type of process Sequent⊥al parallel Sequential

No.of sub(コyCle 2 4 1

Process t土me【ms】 2056 1857 769

No.of 土maqe a工･raY 3 3 2

【
男
T
q
】
(
p
も
+
q
+
d

)

乳
首
曇
苛
当
局
u
O
り
父
琶
ヨ
云

Fig･11Shrinkages of skeletonin the three thinning algorithns･
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We compare the our thinning algoritbmin[Algori七hm 3]with other thinning algorithm≡

for the grey-levelimage･We select HilditchIs method(H=L)[7]and Shikano▼s method

(WP班)【8],Yokoits method(YTAG)[9],Our thinning algoritbm for binaryimage(STA).we don-t

use the postproces$ing for everY method.

(1)Thelocation of the result picture;We eXamine theinfinite picture toward up and down.

(a)The picture with the concave area(Fig･12);Thelocations of the result picture for

each a190rithm$ are Shownin Fig･13･STAG and YTAG extract the concave partsr and these

methods can
extract the blackout areain the character.

(b)The picture甘ith the flat area(Fig･14);Thelocations of the result picture for each

alg･Oritbms are shownin Fig･15･YTAG extract thelar9e area from the flat point to the

maximⅦn pOintr tl=L and STAG extract the maximⅦm pOint･

(C)The application to the charaくコter Pict11re;The result pictures for aJapane5e Character

"Ⅹatakana''in Handwritten character database(ETLl)are shoⅥ1in Fig.16.WP班 extract the

noise branche$ and the mixedline of 4-COnneCtivitY and8-COnneCtivity･YTAG extract the2-

bits wid七hline and the noise branches･STA extract the disordered branch and cross point$･

STAG extract the best resul七picture by using the grey-1evelof the pixel･We think that the

grey-1evelinformation reflect the writing trace bY the writer･

The processing tines are1454ms(WP拡),1301ms(YTAG),758ms(STA),

690ms(STAG),reSPeCtively･STAGis faster than STA by using high speed processin the section

3.4.
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(a)WPM

(c)STA (d)STAG

Fi9･16Re5ult$Of handwritten character･

4･3Åppliea也on to eb8raeter reeO9n土t⊥on oxporimon七

we describe the experinentalreBult of the ch&raCter reCOgnition method
～

unde也m土nl純血鈍roke沈rueturo analy如【10】椚･瓜o
flowぬart of七山きmOtbod山ぬomin

Fig.17･This methodinclude the binarization bY the thre5hold 8Lnd thiming,linear

approximationrunderterministic$trOke extraction′Hahalanobi81di5tanCe
for di8CriAinant

function.The recognition re5ults of TTA and STA for theunknoⅥ111′500character80f

Japameさe Cb肛aCbr･･Raねkana…(46eat090ries′250dbra¢terさ/eate90qり虹色さboⅥ1土n℡8bl0

触ex皿plesf∝¶AandSmareSbowninFi9･19･℡土9･19(a)and(b)sbowtboeorroe七

examplesforS℡A･叫･18(e)and(d)sbowtbereje虎¢Ⅹ叩pl05for鍾且･鵬yaree肌8ed坤

Table2 Recognition rates for free han血itten【Ratakane''character5(%)

℡ つP Å S ℡ Å

Correet
● 一

● 95.6

Reうect 2.7 2.2

Error 2.7 2.2
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Fig･17FIow chart of experinent for the character recognition.
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Fig.18Examples of correct and reject characters･

1ess sbrエnka9e.

The effect using the grey-1evelshowin Fig･19･The distortion o董theline patternis

less than the binary picture･We think that the greylevelis u5efulfor the character

ree09nition.

5.Con(コ1us土on

The explicit definitions of two types ofline･Pattern5 areintrod11Ced using the

COnneCtivity ntmber and the nunber ofl-pixels in the 8-neighbor,and then paralleland

$eqVentialthinning algoritbm$for binary and grey-1evelimages are propo5ed.Thinnedimages

are one p土Ⅹeltb土dland top0109ieally equivalent to the or19土nal土ma9eS･
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.二_rdl

〔n(L
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暮･

(a) (b) (●c)(dJ≡

くく
ト
∽ ウづ プ＼
､タ′→RJ､ヲ'→､∃' tクー→-7′'ネ■→'ホー

U

■q:
ト
∽
クヨ ニ7ネ
correct correct correct correct

℡土9.19玉:Ⅹampleヨ Of 土mprovedく血arac七ers･

By a character recognition ex匹riment′ the8e thinning algorithn8 0btain the better

result than other two repre5entative algorithm8in the form of the re8ultimage8t and the

PrOCeSSing time and the recognition rate.
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