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In dealing with the problem of diagnostic classification of the electronic schemes, this paper discusses. 
the analysis and descri ption of two dimensional patterns of electronic curves. L inguistic approach 
to pattern recognition is used for the description of this class of pictures. A method and an algorithm, 
for the analysis are given. An example is given to ill ustr.ate the results of the algorithm. 

I. Nomenclature 

F- featu re space 
Z - pattern space 
N - pattern class space 

{F}- geature set, {F}= {M} u {W} 
{M} - subset of characteristic points 
{ W}- subset of line features 

p1 - number of characteristic points in class i, i= 1, ... , N 

Mv, - p-th characteristic point of the i-th class 
P1 - point of the curve pattern 
P~- point of the discrete pattern of the curve 

{w,J - set of labels, q=l, ... , 8; {wq}=A, B, C, D,E, F, G, H 

1
111 

- length of the p,-th line feature 
t,.,. - threshold in the direction wq 

P .• - starting point of the curve pattern 

PJ' -- final point 
P111ux · - total muximum poinl 
P, 1, Lotal minimum point 

,\·, v nllributcs of {M} mc1i1hcrs 
k, IQ".( - HilrthlllO of {W} lllt' lllhOI'I 



2. In I roducllon 

Patter n recogni tio n CH il b<.l inte i'Jm:lcd us ll [1 1 01.'~~~~ or lllllppll ljl lhi 
space Z on to the pattern class spuce N. In order to rcdllt'll llw INJIIItl'd lll11Ulll!l 
information, the correlation between the two spttccs ~~ t•stuhltNht•d 1111l111'1ll 

a feature space {F}. 
In the present paper a method and an algorithm 1'01' unu ly11is 111111 hlifllll 

features of electronic curve visual characteristics arc proposed. ' I he 1111'1 lu11l iM I 
on linguistic theory. The descriptions of the pallcrns which tll't• I li t• l ll~l lil ·• nl' tl 
algorithm are to be used for automatic diagnostic classificution ol' dt•t'llllllll ··1 I!Pt 

based on their analogue-type characteristics. 
Many papers have been published in the last ten years, lrcu ting I ill• p1Phh•111 

pattern recognition from a linguistic point of view. [1, 2, 31. I ing111 ~ 111 111'1''"'' 
in the theory of pattern recognition is characterized by: 

- a formal system, consisting of a set of primitives (features) und 1111'11 nlltl hill 
- rules for composing more complex categories (phrases, sc llll'l1n'~ lJ 

The list of rules forms the formal system of descripti ve grtl 11 1111111 l lil' 11111 
together with the set of features (words) form the language in terms or whll h 11 11.1 

class of pictures can be described. The patterns arc assume<.l to lw lhr lllllfl lilll 
descriptions, thus enabling the problems of diagnostic clnssi llcul ion In h1 
into the formal of the classification and identification of their dcscl'iplill ll" Uutl[il~l 
methods are quite appropriate for the recognition and analysis ol' I wo dtlt1( 11 ~11~H 
patterns, and this is the reason for using them in solving the probk11111 ol' dill!\lll•~l 
classification of electron ic schemes. 

3. Formulation of the problem 

It is assumed that the visual patterns of curves y 1 =fi (x) arc lliVl'll . 
that N classes of curves are available for the recognition, it is ncce~su ry In tl_•lill! nl 
the algorithm for analyzing the curve patterns and for genelll llllg I ho liUII IItl 
descriptions of all the N classes. 

In order to solve these two problems it is necessary to find f'OI' l'IIUh llll\ 
sample the following: N 1,1 

1. The set of features {F}={M}u {W} where M .... l) l) A/ 1,1 , flllil 11 
N Pi I U 11 11 

= u u WP;. The number Pt of the line features or the /-lh Cll1!1rl l'l111 Ill Cll lllll 
1= 0 p = O 

1 

not of the pi - the number of same features of j-th class. 
2. The attributes and the attribute parameters of Lhe fcuiUil'!l , 'J'h 

parameters of the members of M arc the va lues of' .\ 1 und .1'1 f'tll' t1'vl!~Y M 1,1 ill 
Cartesian co-ordinate system. The attribute parameters ol' IJ 1,1 il'! 11111 111L'IIiilii 
the length k,, obtained as the Euclid distance l'>ctwe<.lll the illllllllllllll 1111) lltlld r 
{)f th e line: 

1 ',)~ ' 

81 

tllkut 11 dlll1!1111i111'd hy lhll I , whl'l'l' tt1 i11 thll unplc between WP, and 
ililliullll' 11\l'i 1 

! ho n•ltlllllllNhl p hc iWC(,)Il IIH.l f'eutlii'C und I heir altribu tcs or cliferent classes. 
nu' I' Ill ph 11111til'l of' I he Clii'VC pal LCI'Il. 
flu 111lliM ol l£ 1'1111111\lll' f'or generati ng the linguistic description of the images. 

I \1 tl "'"lll'lli!!~ lndtlpundcncc and nonrcdundance - are desirable in a feature 
TI ICI llllh-prlldl' lll'C \lllsurc Lhnt each pattern can be reconstructed by a unique 

llil\lutllhtll nl lbllll ll'\ls. Non redu nda ncc means that each feature is eventually 
llllrml l11111111lly 11 ~l'l {Fl {F1, F 2 , ... , Pi.} of vectors is independent if for any 

i 1 .111d 1 ol {I, 2, ... , /,} :;_; ! ·). = ~, Fk implies s= t. (The feature set {F} = 
'" k k CI 

I M I I J I I I ll'l lll lw lt'l.'ll lcd as a ~cl or vectors provided that the latter are determined 
lti Ill llilllllll"illlllll Rpllt:C or feature auributes). A feature set {F} of a given pattern 

I .I h llllllll'diiiHIIIII I if no proper subset of {F} is a feature set for Z. 

uhtlluu ul' Uu1 11rohllliiiS 

~ l , l!rt•h III•IIHIIIIUIII 

l 'ill)liiiiiiiUl' ol' I h\l cu,·ves is assumed to be discretized by the step of discretisation 
11 1'\t1 ;1t llllll ~ to this the image is regarded to be a number of points P~ which are 
ill t:d pli111illvwt (Pl'i tnitive categories). These categories are characterized by only 

0 b tL• nl dnrk ncss-b lack and white and xr and Yrparamcters. The black points 
lpJI~ In lill' t'tii'Vt', and the white do not. 

Iilo .1'• 1111d ,1" pura mclcrs of the points are 

x, 
x;= Mt' 

Y; y; = !).h ' (2) 

111'\l I he pttramcters before the discretisation. 

lhut only the skeleton of the patterns (defini tion in [4]) is under 
iiiWii'I.JIInll 

l)rlllllllon I. For cnch point P~ or the curve image there is a neighborhood 
I ·, pn1111 ~ . r I , 2, ... , H (Fig. 1). 

I hd 1111 t 11111 2. Th\l soq ucnco r,, l'z, ... , r,, is called list of directions. 

i"llo 11~ 1 ul' l·i~ill dii'C<.'Iions, ill uslmtcd in Fig. lb i11 needed 1111d sunicicnt for the 
ilhiiiV nl t ht• 111111!-(C~. provided I hc~o.c dCSI.'I'iplillllll lll'l' IINt•cl I'm l hCl clnssi0cntitl ll 

lih! !"l"f'l ljJ 11illt1ll plll ' (lll~l'll (ll~'t~ tll'd lllj.! I o I lit• ll i ii~Mi ilt'llllttll ol I lit• dCIIl' l'l pl itlllll ttf 
fl I itnhr111 IIIHI ~ I A I l'll' hlt•J 111 I ~ IL 

Pvllulll,-111 ~ lh1' h l~ttd, ptlllll l'l J' i 11 11) lnllrh·d \\lilt 11tr 1111.1cl~ l'l(llil lll'~l 

iHiillfi 11) 1111· tll~t·rlloll ul lh\: 11110 fliiNIIiiiB llllt•ll!!h tlth J!tlllli 



l>ut'lnlti<HI 4. 11 i11 1u tld thut 11 ~ol u~k 11111' plllllt·~ 111 11 dir~o t11111 
I 

if d ~ t , whore d is the wid th or thu linr In thiN tlin•dlo11 

Definiti o n 5. The nnal poi nt in the direction 11111 i!. thu 1mlnt lu lu·ll·d wit 
the symbol w, if the other neighbouring points pl'<wided thu lloolcu tl 1'\(111"•'•1011 

P0 ·E M'1 1f [(P0 +--A)]" [(P1 +--A) v P1] " [(P2 +-A) v P2 [ /\ [(/'11 •- 1T) v'!'" I 

P
0
eM 8 if [(P0 +-B)] I\ [(P1 +-B)vPJJ /\ [(P2 +- B) v P2 j /\ [(/'J•- n) v !'t[ 

P
0

eMc if [(Po+-C)]/\ [(P2 +-C)vP2]/\[(P3 +-C)vP3]/\[(Po~.• f)vl'~ j 

P
0 

E MD if [(P0 +- D)] I\ [(P3 +-D)vP3 ]1\ [(P4 +-- D)v.P4 ] /\ [(P~ •- fJ)v !',[ 

P
0 

E M 8 if [(P0 +-E)] /\ [(P4 +--E) v P4)/\ [(Ps +--E) V P s] /\ [(Pc,+- E) V I'~ I 

P0 eM~' if [(P0 +-F)] I\[(P5 +-F)vP5 ]1\[(P6 +-l-:')vP<, ] " [(P1 • P)vP7 1 

P
0 

E MG if [(P0 +--G)]/\ [(P6 +-C) v P6 ]/\ [(P7 +--C) v .157]/\ [(P~:~ +- C) V I'M I 

P
0 

E MII if [(P0 +-H)]/\ [(P7 +-- R ) v P7 ] 1\ [(P8 +-ii) v P8 ] 1\ [(P1 +-fl) V!', I 

Where sign -+ means "is labeled with" . Each expression, for example th~· lh~ t . t 
as follows: P

0 
e M as a final point in the direction A if and only if Pis 111111 ~rd with 

while P
1

, P 2 and P 8 are labeled with any other symbol from {w1} but not f, 1•1
1 th 

are the white points i.e . .PI> P2 , PJ. 

P4 1 P3 . 0 
I 

P5 \ P0 P1 
l--------~-

p6 I P7 I Pe 

F ig. l a. The neighbourhood of 
the point Po 

(D) 
A 
~ 

([) s ~ 

5 
(F) 

(C) 
J 

'l 
(G) 

(P) 

11 
(11) 

Fig. I b. The lnbclin11 sylltlmt­
and the direction of the lliw~ 

Definition 6. The set of characteristic points M consists or th1· pllitlt 
with more than one label and the fina l points in all ditcctionll. 

Definition 7. Two characteristic points Mk and Mk+ 1 nre COIIIII'lll'l l ir I 
is a line connecting them, which does not pass th rough n ny ot hC'r 1'11111 u(;IPfl 

point. 

Definiti o n 8. The lines connc01ing points A/1 nnd A/111, 
and uiJ tho other chtll'l\Ctcl'istic point w urt' l~ulkd lint' h~ultn•·~ nl 

~ ~~ llltu•d tltut tlu·rr l11 11 lh•hl ol pu tt ~n 1 11 11 whiuh the curvu imnge is 
! ~~~~~~~- plltll'lll , ' I hili lkld ili limited by (WO VCI'ticnl fJ, 8 2 and tWO 

llil("l u \ u.,: 
I 

()I • I , \ ' ._, . \,, ' 

()}, . .\'• .\',;' 

I 

.. .JI,w.r ' e ., __. Y 
I e4 __. y=y,,,. 

(4) 

I , . I ,.. I • I I fPI I . I fP ' d I • I fp' 
1 11 Ill' ,; 11 IS I le .\' 0 f;y,"_, ISJI 0 ""'xan Y, 1,1S)I 0 mtn· 

1\ IH'II !',;,,, und P,;,, do not exist, y;,"'·' and y;,, ,, are assumed to be: 

1';,1111 Mtpr )' f(x), y;,,,n = inf y=f(x). (5) 

ry p11l11t 1•; ol' the imngc is labclcd with one of the labels Wq, q= 1, 2, ... , 8, 
lltlJ' 111 till' dl'llllitions 3 and 4. lt is assumed that the threshold~ tl, !3, t5 , 

i'nt Jlu lnl11• lln~ with the labels A, C, E, and G are equal to 4 .. For the symbols 
I· 111111 11 tllll thresholds 12 , ! 4 , t6 and t8 equal to 2. 

llw Llli \I puintH I'; locu tcd on the crossing of the two lines with the directions 
11'~ !Ill' 1\llll'h•d with more than one symbol, i.e.with two symbols. 

!11/ \'lllilltioiiH ol' the pntterns of the same class are neglected using the 
lt!i !lit ol JI IOitpitlA two Ol' more connected characteristic points in one. Let us 

1\\il 1; h111111 ll' l'iNtic points /v/1 and M1+ 1 which are at a distance b.h. In this 
lhil~l1 l\\11 p11111t s nrc grouping in one point which parameters are : 

x 1+x,+, y ;+ Yi+l 
y,= (6) x, 

2 2 

·f I :r,llllttl ll) hlllfhm 

i li i!! iliJh' Jl ~t tll\ pnints. All the characteristic points, which are members 
!!li~f l lA/I of' the feature set {F} can be enumerated at random, but in our 

I! IN ' ' " llllll'd t hu I I he cnu mcration of the characteristic points begins from the 
lllll! 1"'1111 /' ; l uyin~ on e,. The first point is named M 0 • The enumeration 
tlli\1 (1" 11 1111 t hr Nrl·ontl characteristic point with x 1:::;:; x1+ 1 • All the characteristic 

IUI•I M111 , A/ 11 , ... , !111,
1 

me listed out with _their attribute parameters. 
I! I illl) n •llll ll l~M. 'l'hc line features w, is the connections lines of two point 

11til ,1/1 ' I 111•11' pnmmctcrs arc: the length k; obtained fro m (1); and tg (7.1• 

If I- llftllill•u ry lo nuy thnt the feature subset {M} and {W} possess the two 
ttHII!.'~ lndr pr111l rlll'l.l and nonrcdundancc. But the members of { W} and their 
11111 (~ ·111 11111 inlkpcndent from the feature subset {M}. For this reason the 
uln~ til' 11 1 11111 11ot be cn lculutcd. 

~'IIDh 111111l"lnf thr p111111111 i1111 yr11ph with thl'llhiii'IICtl•till tic points as a node 
li'!h 1111d thr liur l1•u tun·~ lllii un lln I hr lltlllllll "''' 11111r~l'd wit h /v/ 1• Tho 

lfl) ll.t lll('d 11 1 



<4 ,•1. ( ;, 11111111111 rm JI I' III' IIIIIUII ul fill' th·~I'I]Jtl]un• 

' ]he C\II'Ve puttNII lll't' Wry Hllltpft• 1111d 
too. The <.lescripti v<.l grumn1111' Is ol' ChotnHI,y ty ptl Uflllltlllltt ll. 
sufficient for the gcncmtion ol' the dc~CI'I pthlltH : 

the ru le for phrases: 

g1(P!t) -+ M 1Cx(, Y1> wl, 1 (t,, 1 1, ts (1.11 ,) • 

the rule for sentences: 
Il l 

g(S) -+ cl) gt (l'lt), 
1•0 

Where the symbol c u is used to denote that the pairs M, (x~o y1) uud W, ,1 1 (A 
1 

tg a 1+ 1) forming the phrases g1 (Ph) have all to be connected OIIC 111!1~ 1 ' fiiHl!h 
begining from i=O up to i =p1• 

4.5. The descriptive language 

The formal language for describing pattem s (denoted us /:') cotiHIMh ii( 11 
words M 1 E{F}, W1 E{F}; the grammar rules g1 (Pit), g (S); tlw Hf'll llllll itil 
symbols, full stop, coma. 

N /Jt 

(M=U U M11,, 

I 1: 0 1' = 0 

N IN 

E,W=U U WI'J' 
) 1= 0 p = O I G= gt (Ph) u g (S)' 

l A=./,/;tU/ . 

4.6. Linguistic description of the curve samples 

The total expression of the linguistic description of the curve Nlltllph 

Mo (xo, Yo) wl (kl> tg Cl. ]) ; M) (xl' YJ), ... , M /IJ (x/1( ' .1'/1,) . 

The expression (10) can be simplified by omitting the purunH>IIJI'M /, 1 

M 0 (x 0 ,y0 ) W 1 ;M1 (x 11 y,)W2 ; ... ; M,,,(x,,, , y1,
1
) . 

5. The algorithm for analysis and description of the curve 
images 

The programm operations can be outlined as follows: 
Step 1. Discrete curve points P; arc applied to tho inpul ol 
Step 2. The points arc scanned to oht11 in P:, P; , !',:,,,, !',:,,, 

the pictur e :ficlcl 0 1 fJ1 0 .1 0., 111'1: l'lliiN(I'll~' ( t•d 

IilO pulut ~ I'; 1111' lulu·h•d 11rmnlt11p, In •I ~~ •. 1, 

I !u· I" '' "' " luhl'lt•d wll lt fwo hYIIIhoiH 1111d llto llnnl poiut s in coch di1·ection 
,,.,. ''IIIIIIH'd uod liNit•d 1111 dittl 'lll~ t l't ' i ~>lic point. 

llu· ••llllll'lllrd cltlll'ttcft•l'istlc points u1·e grouped according to 4.2.4. 
1111' 11111' h•ll lllf'tlN lll't' cxlmclcd fmrn lhe curve patterns. 
1111 ~fl l]lh llllldd iN CO IIS(I'liCICd. 

i ltci ll ll 1 \'tl filii tt' l'll dcsc1 ipl ion is generated, using the rules g
1 
(Ph) and g (S). 

I 
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1'111, :111, ' lht~ luhcll•d t'l ii Vl' poinl , , th11 chant t' lcri~l ic point ~ M, 

l 'i1• ·' ~ltow~ till' lllpttl ~~~· ll'to u olu t'lfi Vr 11l'tt·1 di,cretisnlion together 
!lllifCI 11 lldd I 11! lu tllustlllf1'1 fftt• luh1•h·d JICIIIII 'I, nhtninl'd chnmctcrislic 

1•!\•ilit' 1111 flu· trflli!littp nl l\\11 11111'11 1111d llu· littu l 1"'"'' ~ Jli/1.. lh ~ltows IIIo 
tlll lt. l 11l lltr fllllil~tll 1111d II M iltt t~ llt ~ lhJ ''l'~U lpll1111 
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Fig. 3b. The graph model of the curve image and its linguist ic dcs~:rlpllou 1•\" 1 

(S)->M0 (0,0)B; Mt(5,5)C; M2(5.5,10.5)A ; M3(9, J I)C; M.(12, 14)Ct: A/,11 

M 6 (17, 4) G; M 1 (17, 0); 

S(s1)->M0 (3,2)B; Mt(7,6)C; M2 (8,9.5)B; M 3 (1G, 17) // ; M,.(21, 11)0; M . Ul ; OI 

S (s2)->Mo (0, 0) C; M!(O, 4) B ; M2 (4, 7) C; M J (4, 10.5) 8 ; M 4 (8, 14) C: AI, IH 

Md14,20)B; M 7 (18.5,23.5)G ; M 8 (J9, l6)H ; Mq(22, 13)G: 

M 11 (23, 4) H ; M1 2 (25, 1) 

6 . Conclusion 

The linguistic approach to pattern recognition is very useful f'm I Ill' uiiRI 
a nd description of two dimensional patterns. The method and the 1tl gml1 hut flll) jl 

in the paper solve the problems for the electronic curve patterns nnd liu 1111\' oH 
class of visual signals. The linguistic description of the putlol'll uhlutntd 
the result of the algorit hm can be used for the purposes or tholr d111 
classification. 
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IIMM;,I~i)\111111 I 1111l• ulu·ll,tnv 1h111W' miiiiiiW)\'h 

ll!rt ilnh•ll lll 111111llty I upiMII IIWIIWY111hllnWych ku.ywyuh wyAwlutlunych nu ckl'llnio 

llf\)1111•1111' 111 llhl lolllliMI)'lllltlj ldn~yllkucJI 11kludl~W lllllktr·onlc.r,nych. Zngudnicnic oplsu 

W fiiiWhJIII IIII M IIIKI Iht~: pod~Aclll llnllwlstycmo. J>1·zcdstnwiono mctodQ oraz algo· 

WntlH'II III lllllillty, l 'mlnnu pr tyklttd llustruJtlCY wynikl zastosowania opracowanego 

I M1ft1\lt'ltlt IIIIIIJIIII 11 OIIIICIIIIIIC }(UyXpll3i\1epm.rx 

liltlill • ··11111'1'111·1 IIIIIIPill:l•l ll llliJIIII!I 11 OllHcallltll ,!J,B)'XpaJMCpRblX KpHBbiX IIOKaJbmaeMbiX 

11 Hllllll ·l' l ntlunJitlMOII l llllll iiOCtlt'tccKoti KnaccfujmKamm JneKTPOKHbl X cxeM. 
j lllliil 1111111 1111111 I(JIIl \:CII oGpU'lOD J)CWCHa npH RCl101lb30Baf!JIH JIIDII'BHCTK'iCCKOrO 

lljlQ!h)HIIIIII'II MOIIII I 11 '11\KlKC U!lrOI)ltTM lli)OBC,D,eHf!ll aHallHJa. IlpHBC,LJ,eH OnpHMep 

jl!li1Yt011[1lil jlll)'l llt llllhl III)IIMCII\lllllil paJpa6oTaliHOrO anropKTMa. 
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