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In dealing with the problem of diagnostic classification of the clectronic schemes, this paper discusses.

the analysis and description of two dimensional patterns of electronic curves. Linguistic approach

to pattern recognition is used for the description of this class of pictures, A method and an algorithnu

for the analysis are given. An example is given to illustrate the results of the algorithm.

1. Nomenclature

F — feature 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
~p;— number of characteristic points in class i, i=1, .., N
M,

», — p-th characteristic point of the i-th class

P; — point of the curve pattern
P} — point of the discrete pattern of the curve
{w,} — set of labels, g=1,...,8; {w,}=4,B,C,D,E, F,G, H
l,,— length of the p;-th line feature
t\,— threshold in the direction w,
P, — starting point of the curve pattern
P, — final point
P total maximum point
P~ total minimum point
X, y — attributes of {M} — members
k, g o — attribute of { W}~ members
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2. Introduction I dirgotion {x determined by the (g« where « iy the angle between W, and
sordinate axis

® relationship between the feature and their attributes of diferent classes.
The graph=-model of the curve pattern.
N The rulex of grammar for generating the linguistic description of the images.

Pattern recognition can be interpreted as a process of mapping the | ,
space Z on to the pattern class space N. In order to reduce the required anie
information, the correlation between the two spaces is established indire!
a feature space {F}. :

In the present paper a method and an algorithm for analysis and exlt ' TWu praperties — independence and nonredundance — are desirable in a feature
features of electronic curve visual characteristics are proposed. The mNhOi (3 e Independence ensure that each pattern can be reconstructed by a unique
on linguistic theory. The descriptions of the patterns which are the resultn of iibinntion of features, Nonredundance means that each feature is eventually
algorithm are to be used for automatic diagnostic classification of electronie sl e, Formally o set {F}={F,, F,, ..., F} of vectors is independent if for any
based on their analogue-type characteristics. ' AN & and ¢ of {1,2, .. k) R r hinllee 5=z, (The feamrs st (F)=

Many papers have been published in the last ten years, treating the probley 7 ' S : .
pattern recognition from a linguistic point of view. [l, 2, 3], Linguistic appran - '[Ml WL} can be treated as a set of vectors provided that the latter are determined
in the theory of pattern recognition is characterized by: A wedimensional space of feature attributes). A feature set {F} of a given pattern

— aformal system, consisting of a set of primitives (features) and llwil‘llttl‘-lf | & 0 nontedundant if no proper subset of {F} is a feature set for Z,

— rules for composing more complex categories (phrases, sentences)

The list of rules forms the formal system of descriptive gramimir, T‘!.' il
together with the set of features (words) form the language in terms of whigh ;" i Nolutlon of the problems
class of pictures can be described. The patterns are assumed to be ' the lngu
descriptions, thus enabling the problems of diagnostic classification {0 I . L Basde delinltons
into the format of the classification and identification of their descriptions, Lingul
methods are quite appropriate for the recognition and analysis of two dimannli
patterns, and this is the reason for using them in solving the problems of i
classification of electronic schemes.

Fueh imuge of the curves is assumed to be discretized by the step of discretisation
AL Avoording to this the image is regarded to be a number of points P; which are
llesd primitlves (primitive categories). These categories are characterized by only
W0 levels of darkness-black and white and x;- and y,-parameters. The black points
hluna [ the curve, and the white do not.
3. Formulation of the problem The v's und y'-parameters of the points are

Tt is assumed that the visual patterns of curves y,=/; (x) are given, ANl e X o ¥ -
that N classes of curves are available for the recognition, it is necessary (0GOS IRSSAG AL T AT

corithm for analyzing the curve patterns and for generating the N eERaat
the alg FALE Pt Where v und p, are the parameters before the discretisation.

descriptions of all the N classes. A ,
In order to solve these two problems it is necessary to find for eneh euryvi el . It I musumed that only the skeleton of the patterns (definition in [4]) is under
sample the following: ndd B sunslderation,
I. The set of features {F}={M}u {W} where M=‘l,.'{ ‘l L My, i Befinition 1. For each point P) of the curve image there is a neighborhood
= C: !\pf_l W,,. The number p; of the line features of the i-th clas cun be equ Wl 1 polnts, r=1,2, .., 8 (Fig. 1).
foit =G Dalinition 2, The sequence ry, ry, .., 1, is called list of directions.

not of the p; — the number of same features of j-th class, Ty A3 : Akl ;
7. The attributes and the attribute parameters of the features, The atiel The Hut of elght directions, illustrated in Fig. 1b is needed and sufficient for the

5 < i y \ i !
parameters of the members of M are the values of x, and y; for every My n diseribing of the images, provided these descriptions are used for the classification
Cartesian co-ordinate system, The attribute parameters of W, in the mesnin il recognition purposes (according to the clussification of the descriptions of
the length k,, obtained as the Euclid distance between the initial and the final ) Flowoheln and M, A, Fischler in [5]).

of the line: Definitlon 3 The black points £, are labeled with the labels from {w,}

fom Y (1mg = %) 0= g =92 Wording (o the direotlon of the line pussing theough this polnt,




Definition 4. It is said that a single line passes fn o direction wy, If and

! o
if ; =1, where d is the width of the line in this direction,
4 i

Definition 5. The final point in the direction w, s the point lnbeled ™\
the symbol w, if the other neighbouring points provided the Boolean expressin

Poe MA if [(Po— ADIALP 1~ A)VP APy < A)VP)A[(Py AvEh)
Poe ME if [(Po—BIA[Py « B)VP APy B)VPA[(Py+ Byv Py
Poe MC if [(Po O)A[(Py« C)VPIAIP; « C) VLA [(Pae O)vh,)
Py e MP if [(Po— D)]A[(Ps« D)V Ps]A[(Py D)V P)A[(Ps Dyv Py)
Pye ME if [(Poé—E)]/\[(P4<—E—)VF4]/\[(P5e—E)VPS]A[(qu—E)VP,.]
Poe MF if [(Po—F)A[(Ps—F)VPA[(Ps + F)vP]Al(Pr «F)vPy)
Poe MC if [(Po e GYIA[(Ps —G) v PslA [(P7 — G)V P A [(Pa=G) v Py
Py MY if [(PoeH)A[(Pre) VPN (Ps—H)VPIA (P =)V Pi]

Where sign — means “is labeled with”. Each expression, for example the frst, ¢
as follows: P, € M as a final point in the direction 4 if and only if 2 is murked wl
while P,, P, and Pg are labeled with any other symbol from {w;} but not A, of 1
are the white points ie. Py, P,, P,.

(£)
1(A)
0 8
() 7 (i)
(c)
Fig. 1a. The neighbourhood of Fig. 1b. The labeling symboly
. the point Pg and the direction of the lines

Definition 6. The set of characteristic points M consists of the pald
with more than one label and the final points in all directions.

Definition 7. Two characteristic points M, and M., are connected |
is a line connecting them, which does not pass through any other chnr
point.

Definition 8. The lines connecting points M; and M1 My und
and all the other characteristic points are called line features of the pattes

of wnalysls

pantimed that there I8 o field of pattern on which the curve image is
0 single pattern, This field i limited by two verlical @, @, and two

""" ﬂ; 94.‘ )
O, = xmx,, @y—=p=y,

max *

- 4
Gy x=x,, @,—y= @

mlu »

W I the X’ of the P,; x; is the x' of Py; ¥,y 18 ofP”m and y, , is y’ of Py,.

e onwe when 2, and P, do not exist, v, and y.,. are assumed to be:
Yoo mBUpr Y= f(x),  ¥,=inf y=f(x). (5)

L ety point 2, of the image is labeled with one of the labels w,, g=1,2. ..., 8,
II‘Iﬂ to the definitions 3 and 4. It is assumed that the thresholds #,, 3, #5,

_ﬁ fir the labeling with the labels 4, C, E, and G are equal to 4. For the symbols

LIl /7 the thresholds £, £, 16 and tg equal to 2.
piEve points £ located on the crossing of the two lines with the directions

il W, nre marked with more than one symbol, i.e.with two symbols.

Phe varlations of the patterns of the same class are neglected using the
Al of grouping two or more connected characteristic points in one. Let us
Iwo oharaoteristic points M, and M,,, which are at a distance Ah. In this
thise two points are grouping in one point which parameters are:

Nt X Vit YVisr
A ©)

x=

Fanlure extraetion

‘W L haraeteristic points. All the characteristic points, which are members

e subset (M| of the feature set {F} can be enumerated at random, but in our
4 In sasuimed that the enumeration of the characteristic points begins from the
—,'v polnt P, laying on @,. The first point is named M,. The enumeration
Ikien with the Ncmnd characteristic point with x;<x,,4. All the characteristic
0 My My, oy M, are listed out with their attribute parameters.
Line fentures, The line features W, is the connections lines of two point
y wil Af, Thelr parameters are: the length k; obtained from (1); and tga;.
‘l pecomsnry to say that the feature subset {M} and {W} possess the two
Ment Independence and nonredundance. But the members of {W} and their
A e not independent from the feature subset {M}. For this reason the
et ol W, can not be calculated.

el of the curve pattern

praph model of the pattern is a graph with the characteristic points as a node
mph and the line features as arches, The nodes are marked with M,. The
4 At named W,
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Ak Grnmmuae for generntion of (e deseriptions

. polnts P; are labeled nccording o 4.2.2,
o The points labeled with (wo symbols and the final points in each direction
[ outlined and listed as characteristio point,
Phe vonnected characteristic points are grouped according 1o 4.2.4
L The line features are extracted from the curve patterns. o
y The graph-model s constructed,

The curve pattern are very simple and for this reason the grammar [y m
too. The descriptive grammar is of Chomsky-type grammars, Only (wo tuly
sufficient for the generation of the descriptions:

the rule for phrases:

& (Ph) = M (x;, ) Wiy (Krg1yt8 %ypn),

« The ourve pattern description is generated, using the rules g, (Ph) and g (S).

the rule for sentences:

=t e S ——

Pi
g(8)- < [ g (Ph),

Where the symbol = U is used to denote that the pairs M, (x,, y;) and Wik *
tg «;.,) forming the phrases g, (Ph) have all to be connected one ulter nnol
begining from /=0 up to i=p,.

4.5, The descriptive language
The formal language for describing patterns (denoted as £) consluts of
words M, e {F}, W,e{F}; the grammar rules g, (Ph), g (5); the REIaL
symbols, full stop, coma.
N pi
M=\_) )M,

i=0 p=0

N P
W: L_‘J LkJ W[J‘- L]
=0 ¢

p=0

E
G=g(Ph)vg(s),
A=.[[30)] .

4.6. Linguistic description of the curve samples
The total expression of the linguistic description of the curve sumple I
My (X0, yo) Wik, tg 01); My (Xy, Y1)y oo My, (Xp, s Yy, ) s

The expression (10) can be simplified by omitting the parameters & o ;_{5

MO (xO: yl)) WJ; Ml (“"L’ ..l'l) wrZ; ; Mpt(-\.pra ,’Ipr) .

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

Plg, 3, The lnbeled curve points; the characteristic points M,

The programm operations can be outlined as follows:
Step 1. Discrete curve points P, are applied to the input of the compul
. . P

Step 2. The points are scanned to obtain P;.P}.P,:,,,,, Py The boun
the picture field @, @, ®, @, are construeted,

e, l-:‘ln. 2 uhn1wu the i.npul skeleton of a curve after discretisation together
! puttern field, Fig, 3a, illustrates the lubeled points, obtained characteristic
Juylng on the crossing of two lines and the final points, Fig. 3b shows the
el of the puttern and Its lingustle desoription,
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dycenn | oply obrazdy dwuwymiarowych

0 sapnedntenin analizy 1 oplsu dwuwyminrowyeh krzywych wydwictlanych na ekranie
Cpinlemen dlagnostyesne) kKlasyfikaeji ukladdw elektronicznych, Zagadnienie opisu
AW roewlgeano slosujne podejicle lingwistyczne, Przedstawiono metode oraz algo-
desnin anallzy, Podano prayklad ilusirujgey wyniki zastosowania opracowanego

O I 0 ONMCAIHE 1BYXPA3MEPHBIX

PUCEMOT PRI BOHPOCHT AHATHIA W ONMCAHHS ABYXPA3MEPHbLIX KPHBBIX NOKA3BIBAEMBIX
CHniisie © npoGiaeMolt maruoctideckoif KnacCHGHKAIMH HNICKTPOHHBIX CXEM.
A D aToro eiaccn o6pa3on  pellieHa NPH MCMOJIb30BAHHH JIMHTBHCTHYECKOTO
W Llpeaeianien MeTo/L o Taioke ANropuT™ nposeseHnsi anammsa. Ilpusenen onpumep
U PV IINI peayanTaThl IpuMeHeH s pa3paboTaHHOTO AJIrOPHTMA.

Fig. 3b. The graph model of the curve image and its linguistic description (&)

(S) =M, (0,0) B; M, (5,5 C; M,(5510.5) A; M, (9, 11) C; M, (12, 14) G; My (0

Mg (17, 4) G; M, (17, 0); i

S (s.)-Mo (3,2) B; M, (7,6) C; M, (8,9.5 B; My (16, 17) H; M, (21, 11) G} My (21, 0)
S(s:)—Mo (0,0) C: M1 (0, 4)B; My (4,7 C; My, 1058, M, (@8, 14) C; My (08I0
M (14,20) B; M, (18.5,23.5)G; My (19, 160)H; M, (22, 13) Gy M, (238, 100

My, (23, 4) H; M;; (25, 1) '

6. Conclusion

The linguistic approach to pattern recognition is very useful for the wiM
and description of two dimensional patterns. The method and the algorithm prop
in the paper solve the problems for the electronic curve patterns and for uny
class of visual signals. The linguistic description of the pattern obuii
the result of the algorithm can be used for the purposes of their di B
classification.
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