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Abstract mum nrrmher of rims both in t h ~  horizontal and 

ha this pper WP in fducc  a new Jm- vertiral directions rather t h m  being expreusetl by 

lure mlled dmke inder for docsmcnt image either the horizontal or  the wrtical  run repraerl-  

araalysk. fi is bawd an ihe minimum cow tation. Fig. 1 illualrales this for a simple hinary 

 ring w n  erpsainn method (MCR). T h i ~  irnagr: it needs 14, '1 2, and 10 rum to repr~sent 
sttokp indm S is a Junction of thp num- it b? horixontaI runs, v~rticaE r~tns,  ant1 MCR px- 
k r  of horrronfal and r:ertrml runs in the pression method r ~ ~ p ~ ~ t . i v ~ I y .  
nn'gcnal image orad of number of runs b~ 
tlw MCR eqmssinn. As dmirment images 
n ~ a y  p w ~ e n l  a vanety of patterns such as 

gmph, tezl, picture or dtihcmd image, it is 
nmxuary Jor i m a g ~  understanding lo cEm- 
R I ! ~  thrsr difl~rrnl p o i l r r ~  into rategories 
bpforphand. This indrr gives an imighi on 
I ~ P  p ~ s i b i l i t ~  O J S ~ ~ P  ertrnction fmm doc- 
tim~nt imagcs and classijies diflerrni gal- 
t~rrrx in a rmnpound image. 

1 Introduction 

One of the current t r ~ n d a  in docilment image 
processing auch as image comprmsion, databae Figure I :  An illuslralion of (a) a simple hiilary 

management, image analysis and irndentanding image (h) i t s  horizontal run  repraenla i ion (c )  i f u  

i n  t o  consider these tasks through an unified ap- vertical run representation and ( < I )  ita MCR ex- 

prmrh .  Tlw MCR expression nlelhod was d e w -  p m i o n  . 
oprd in this scope. Using information from the 
hl('R rxpr~sv ion  lor classifying various l y p a  of 
regir~na according to  the  posxihiliiy of strokm ex- 

trart ian.  we introduce a new leatur~ callerl stroke 
index for tIocurnent image analysis. A R  docirrnent 
i m n p  may present a variety of patterna ~ u c h  i ~ 4  

graph ,  text,  picture or dit h e r d  image, iE ia n e c a -  
sary to classify these different patterns into cate- 
gori~s for image analysis and understanding. The 
p r o p w e d  index aims at t he  clm~ificalion of these 
different image patierns. 

The MCR exprasion is bawd on rnnxinrr~ni 
matching in a biparti te graph. A finite an<! u ~ ~ c t i -  
rwted paph G = ( V , E )  is said t o  hp b i p a r f i t ~  iT 
its vertex set V can b~ partitionetl i n i r ~  disjoint 
aub~ets  X and  Y, callpd partite nrtn, nuch that 
every edge in E join* a vertex in X with a v ~ r i r x  
in Y .  It has heen shown that horizonlal and ver- 
tical runs of binary image can be lhot~ght of as 
partite sets of a bipartite graph. From this cur- 
rmpondence h e t w e n  the binary image and t l ~ r  
bipartite graph, where runs corr~sponrl to part ILP 

sets and edges of the graph corrrspond i n  pixels i r ~  

2 TheMCIl I3xpression the image, finding the MCU pxprps~ion amorlnfs 
to ~ o l v i n g  the problem of maximum ma1 clling or 

The MCR expression method has been developed minimum cover in^ in h i p a r t i l ~  graph . 
to e x p r ~ s a  binary document i m a f f ~ ~  by a mini- The rnaximr~m matching is a st1 hsrt. M or pdgp 



set E which has t he  largest number of etlges arlcti 
that no tivo w l p s  are luljacent. T ~ P  i m a p  is 
scantiert line by linp t h ~ n  reprmentative horizon- 
la l  a~~rl  v ~ r l i c a l  are registered. Geaerally, 
in[orrnation in document irna~es such aa charac- 
lets or l inen ia cornl>r#red of horizonEal and vertical 
sl~okelc. '~lvwp can IIP r~preatnted by a minimum 
number of coveting run8 hy the MCR expression 
rnct hod. 

3 Stroke Index 

3.1 Definition 

Rmctl oti the MCR ~xp r~as ion  nlethorl we propos~ 
asiroke index wl~ict i  is afunction of the nunlh~r  of 
horizontal and vertical runs in the original image 
and ot number of runs by the MCR expression. 
'The vertical stroke index ,Ciy and the horizontal 
stroke ir~tiex are ~ i v e n  by: 

Srr = (nr  - n*)/nc, 
where 
R, is the number of horizontal runn, n, i s  the nu rn- 

her of vertical runs, n' is the number of r t~ns  by 
the MCrt  expreasion. This i s  adopt~cl heca~~st :  in 
cast= of an image with a large mrmber of horiznn- 
tal strokes, t hp  number of horizontal runs (and 
coverinpl runs hy MCR) i~ srnaFl compared to the 
large n~rnlber of vertical runs npceasnry l o  cover 
the i n q ~ .  T h ~ r ~ i o r e  the valrre nC SfI tencis to 
nnp, arirl that of Sv tenrls to zero, a1111 I ~ ~ ~ P V P I A ~  

[or a vertical ~trokes pattern. 

3.2 Basic Properties 

'To illrtslrate mapping of differenl docr~ment im- 
age patberm into the index plane (ST,, Sv) we 

consicl~r five typical patterns as shown in Fig.2. 
antl   how the dinerent parameter values anrl val- 
ues or ~ t r o k e  intiex. TIMP are ~urnrnar iz~d in 
Table1 , 
For a dithered or black image ( I  or I I ) ,  AR t h ~ r e  
are no utrokes in t l i~ f ie  two, thpy wil l  map into 
t lw  region at t h e  origin (0,O) on thp inrlcx plane, 
a vertical stmkm in in^^ (1Y) w i l l  map into re- 
gion near (0,1), a Itorisontal strokc=u i m n p  ( Y )  
x r ~ i l l  map into region war (I ,O), III~C!  a type (111) 
composed of boll\ horizonlal and vertical strokw 
map" a~aho\vn i n  Fig 2. 

/ b )  

F i g l l r ~  2: Typical Image I'atterna antl theit map- 
ping on Ihr! inrlcx plane 

4 Experim.entaE Results 

Aa rioc~~rnent i m a p  are in general a mixture of  
the above typical pstterna, the m~pping of any 
paEt~rn on the intlcx p l a t i ~  (Sir, Sv) should be ac- 
cording to t he ahove: result. ?b sllow this wp t a k ~  
an example of r loc i~m~nt  w ~ i ~ n w n  in F i ~ . 3 ( a ) .  
We tint u~grnent Ihe i n l a p  into i2 hlocka, HI 
through IE12. HI i s  a pirt~rrt?, R2 11p to R7 i s  

text Mockit, H8 ia a t a h l ~  wit11 only horizontal 
lines ant1 k x t ,  and U9 through R12 ar t  blocka 
or graph type.  We then compt~tpcl the V~III~R 01 
t h ~  a l  roka intlpx for ~ a c h  hlock ant! the result ia 
t i iapp~d on the index ~>tane m ~t iowr i  in F i g 3  (h). 
\VP RRPP 1Iiat hlocks B U C ~  aa R2 up to R7 m a p p ~ d  
on t lir Ramp r e ~ i o n  rpprmpntirrg a airrli la1 pat! ern 



(which is text in this case). 
R l ~ c k a  R8 through R12 m a p p d  in another re- 

gion representing another aimilar palltern (which 
i s  of graphic hype ) with higher coordinates of 
stroke index. We can also notice that block R8 
haq a high horizontal stroke value and a wrti- 
cal va111s less than the average for text. This ia 
btxati~c it i s  a table and has l i n a  only in the 
horizontal direction and its text ha larger font, 

Figure 3: (a) An Examp lc of Tmt Document and 
i t n  Regions R1: picture, R2-R7 text, R8-R12: 
graph, ( b )  Mapping of regions on index plane 

5 Application: Block Ciassijica- 

One of applications of this stroke index w o ~ ~ l d  he 
the classification of different pattern6 or1 a doc- 
ument image. We have s c a n n d  some docunl~nlt 
i m a p  containing graphs, a picture and different 
type of text, Bee Fig3 . The compound tlncrl- 

rnents have been divided into diff~rent tllorks to 
compute the utroke index valu~s lor each blork. 
Mapping valum of the ~troke  index for different 
blocks of the docurnent~ on the index plane rla5- 
sifies t h ~  various types of patterns into distinct 

regions aq shown in Fig.4. 

Figure 4: Mapping of Stroke Index Values for dif- 
ferent docurnent~ on index plane 

We can see that pictures in the three iIoc11- 
rnents mapped near Ihe origin and t h ~ n  the text .  
The graph and engineering drawings and t he  ta- 
ble have bigher coordinates vaturn. One can draw 
some curves to separate t h e ~ e  three distinct pat- 
terns, in this example the picture pattern, the 
graphs and drawings patiern, and tex t  could hr 
separated into regions. The result of this clay- 
~ification is given in Fig.5. We will noie Lltal. 
the graph t y p ~  pattern i~ the most ficattrred on 
a wide area a expected because of the different 
shapes that it has. For e x ~ m p l ~  we can recognizp 
the value of the graph of document "cfiwhirh i~ 
cornposd mainly of horizontal discontinued lines 
an being the point with the l o w e t  vertical atrokr 
component in the graph area. We can a l ~ o  t.rl1 
from the value of Srr and Sv whether t h r  strokw 
in the image ate mainly horizontal o r  vertiral 
strokes. 



( a )  ( b )  Ic  

( c  1 
ptture graph [7 

Figure 5: BTock Clas~ilicatior~ Result, for 'l'esi Ilocurnents a, b and c 

6 Conclusion 

Ail document images are composed: 01 various 
types of regions; such as text, graph, or picture 
i t  is npcessary to classify tl~ese palltrns lor image 
prac~ssing tasks. The capability of the strokes 20 
he u ~ e d  a3 a basic part in reprea~ntalion of char- 
acters and linm make8 it important to know the 
possibility of stmkes extraction from document 
iniages In tllis paper we h a v ~  propmwl a new 
feat rr re caZlad stroke index tor rlocument image 
analyaia. This has heen applied to typical binary 
irnagr patterns as well as cnmporrncl document 
i tna~es scann~tl locally antl the resu l ta proved to 
h~ ~nteresting. We l t a v ~  eltown ihat t h i ~  npw lea- 
ture coulrl be readily used [or cI;sssificaiion o l  var- 

ious patterns in a docurn~nt i m a p .  W e  can t ~ l l  
[ron~ the vaI~re of lhia strokp i rdex w h e l h ~ r  tlw 
pmsibility of slmke~ extraction from a document 
image is high or not. The experimental rm11Its 
are includeti. 
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