Multi-class Binary Symbol Recognition with Circular Blurred Shape Models
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Multi-class binary symbol classification requires the use of rich descriptors and robust classifiers. Shape representation is a diffcult task because of several
symbol distortions, such as occlusions, elastic deformations, gaps or noise. In this paper, we present the Circular Blurred Shape Model descriptor. This
descriptor encodes the arrangement information of object parts in a correlogram structure. A prior blurring degree defines the level of distortion allowed to
the symbol. Moreover, we learn the new feature space using a set of Adaboost classifiers, which are combined in the Error-Correcting Output Codes
framework to deal with the multi-class categorization problem. The presented work has been validated over different multi-class data sets, and compared to

the state-o-the-art descriptors, showing significant performance improvements.

1.CIRCULAR BLURRED SHAPE MODELS
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Algﬂrithm 1 Circular Blurred Shape Model Description Algorithm.

Algﬂrithm 2 Rotationally invariant v description.

Require: a binary image I, the number of circles ', and the number of sections S

Ensure: descriptor vector v
Defined = R/C and g = 360/5, where R is the radius of the correlogram, as the distance between
consecutive circles and the degrees between consecutive sectors, respectively (Figure 1(a)).
Define B = {by1.11,...,byc 51} as the set of bins for the circular description of I, where b,
the bin of B between distance [(¢ — 1)d,ed) with respect to the origin of coordinates o, and
between angles [(s — 1)g, sg) to the origin of coordinates o and w-axis (Figure 1(b)).
Define by, . 1, where « is the angle

between the centroid and the x-axis, and B™ = {b?Ll}*"'
(Figure 1(e)).

Define Xb{c:.,s} {by, ..
a’.{b?cks},b:} < d{b:ﬁcks}.b;}, i< 7.

Define N(by. .1) as the neighbor regions of by |

N (b{f_s}} — {

being X' the first elements of X, and IN, MI, and EX, the inner,
B, respectively (Figure 1{c)). Note that different number of neighbor regions appears depending
of the location of the region in the correlogram. We consider the own region as the first neighbor.
Initialize v; = 0,4 € [1,.., CS], where the order of indexes in v are:
v={bg11}, - b{1,53: 012,13, - bpa sy abpoays biosy
for each point x € I, I{ x ) = 1 (Figure 1(d)) do

for each b{ij} - f"n'r{b}{} do

18

P = (dsina, dcos a), the centroid coordinates of bin by, .
b?{:r“g}} the set of centroids in B

.b.s} as the sorted set of the elements in B* so that

1, defined by the initial elements of XE‘{: R
X' 1 X7
X7 1X
X7 1X

S +3if by,
9 if by, .
G if by

middle, and extern regions of

i . _ i 2
dyi gy = d(x, by 1) =[x = by, 54l
end for
Update the l:rrﬂba,bilitlea vector v positions as follows (Figure 1(f)):

S
L-"l::b{ j']'J —L-"'{I['J{ :I,]rj_|_ {{;"jj}} D{ j‘} — Zb
end for

Normalize the vector v as follows:
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Require: v, S5, C
Ensure: Rotationally invariant descriptor vector v

Define ¢ {G1...,Gs/2}  the S5/2
Gi = {v(bgay). - v(bieiy ). v(bpiivsyoy ) v(bgoivs/ay) )

Select G; so that 37, Gi(j) > 372, Gi(j), Yk € [1,.

ROT

of B. where

diagonals

L S/2]

Define L& and Re as the left and right areas of the selected G; as follows:
LG:Z‘j,ky[h{j.k})'jE[-' C] .lil - [#—I—l g—|—€f‘?—1]
Re =3, Clkeli+ S/2+1, ..

R V(bgky), g € (1,
if Lo > Rg then
B is rotated k =i + S/2 — 1 positions to the l-;tt
ROT
v = V(b1 g1y )s (b, ‘fﬁ}) v(bg, 1]) »"{1 k)
SV (bfoky1y), - If[r’i{c s1),v(bgeay), - {3 Ik} )

S —1]

else
B is rotated &k = ¢ — 1 positions to the right:
ROT Y \
vV = {r(! (1,5} )5 - Fﬂ’“?{l,s—kﬂ})-Ff’[f*{l.l}) {1 S—k})s
}v’“}{(_ : q}) IH[EJ{{*,,E;-_J;-_Fl} ) L’[‘E}{(_T_f!]_} ]I L’“}{(_ . )}
end if
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2.ERROR-CORRECTING OUTPUT CODES
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3.RESULTS
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(a) MPEG samples, and (b) Grey-scale symbol data set samples.

Descriptor 3NN

dichotomizers

ECOC Adaboost
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4. CONCLUSIONS

In this paper, we presented the Circular Blurred Shape Model descriptor. The new descriptor Is suitable to describe and recognize symbols that can suffer from several
distortions, such as occlusions, rigid or elastic deformations, gaps or noise. The descriptor encodes the spatial arrangement of symbol characteristics using
a correlogram structure. A prior blurring degree defines the level of degradation allowed to the symbol. Moreover, the descriptor correlogram is rotated guided
by the major density so that it becomes rotationally invariant. The new symbol descriptions are learnt using Adaboost binary classifiers, and embedded in an

Error-Correcting Output Codes framework to deal with multi-class categorization problems.

he results over different multi-class categorization problems and

comparing with the state-of-the-art descriptors show higher performance of the present methodology when classifying high number of symbol classes that suffer

from irregular deformations.
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