CIRCULAR BLURRED SHAPE MODELS FOR SYMBOL SPOTTING IN DOCUMENTS
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ABSTRACT

Symbol spotting problem requires feature extraction strategies able to generalize from training samples and to localize the target object while discarding
most part of the image. In the case of document analysis, symbol spotting technigues have to deal with a high variability of symbols’ appearance. In
this paper, we propose the Circular Blurred Shape Model descriptor. Feature extraction is performed capturing the spatial arrangement of significant
object characteristics In a correlogram structure. Shape information from objects Is shared among correlogram regions, being tolerant to the irregular
deformations. Descriptors are learnt using a cascade of classifiers and Abadoost as the base classifier. Finally, symbol spotting Is performed by means of

a windowing strategy using the learnt cascade over plan and old musical score documents. Spotting and multi-class categorization results show better
performance comparing with the state-of-the-art descriptors.

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 |Requi1-e; v, S.
Ensure: descriptor vector v . . PR T T N N )
Defined = R/C and g = 360/5, where R is the radius of the correlogram, as the distance between Ensure: Rotationally invariant descriptor vector v
consecutive circles and the degrees between consecutive sectors, respectively (Figure 1(a)). Define G = {Gl Gf_n_;;g} the S;“fg !1“%1%(_111&1-1:'-- of B, where
Define B = {bs1 11,...brc 51} as the set of bins for the circular description of I, where b, . 1s L L ‘B ’ o i N
the bin of B {hgtwe}en cli:;rtanje} [(e — 1)d,ed) with respect to the Drigiln of coordinates o, and G {H E}{l 3}) ’U[h{‘i' i} )5 s H“}{l i+5 “3})' ’T";LE}{‘:—*J""“—’EE} )}
between angles [(s — 1)g, sg) to the origin of coordinates o and w-axis (Figure 1(b)).
Define b?ms} = (dsina,dcosa), the centroid coordinates of bin by, o1, where a is the angle

ROT

Select, G; so that 37, Gi(j) > 3575, Gr(j), Yk € [1...,5/2]

betw the centroid 1 the wz-axis, and B® = {b] . the set of centroids in B : :
{};.“Eenl{ ; CORTIOIC AnE TRe masis, ane tb{1,ays - Pposy) the set of centroids in Define Ls and Rg as the left and right areas of the selected G as follows:
gure el). -

Define X, = bi,...,b..} as the sorted set of the elements in B* so that L = Z L Ff"[:fl-}{j.k.} )f = [l C] ke [" + 1.1+ 5:;’2 - 1]
{e.s} J

d(bT, .y b7) < d(b], y.b7), i< . Ra = vibyry).jell, . .CLEE€i+S/2+1,.,i+S5—1]

Define N (b{ sy) as the neighbor regions of by, .1, defined by the initial elements of XE‘{: R

if Lo > Rg then

B is rotated k =i + S/2 — 1 positions to the left:
ROT ; \ . .
I = {F*’ }{1 Fa—l—]_}} H{b[l“‘ff})'}“”[ﬁh{l,l])'”'}“”[‘b{l,k})'“'
}v’“}{(_ _‘;.L_|_1}J J'v’[ktri{(_ .5 }I L’[ﬁt’.}{gkl} } l-"{h{{:_"!k} )}
being X7 the first elements of X, and IN, MI, and EX, the inner, middle, and extern regions of E‘:lSE‘:

B, respectively (Figure 1(c)). Note that different number of neighbor regions appears depending B tated k — i 1 it 1o the richt:
of the location of the region in the correlogram. We consider the own region as the first neighbor. Is rotatec = ¢ — 1 positions to the Hght.

Initialize v; = 0, i £ [l_ .., C'S], where the order of indexes in v are: ) v ROT _ {}'—’ 1, r.,_,}} 1"“}{1_..5'—,1:-—#1})- }*"[E*"{lkl})- F*"[E;'{l”“_?—k} ). ... Bat ]- 5 X 5 Bat ]- 24 X 24 Bat ]- 54 X 54

v={bri1}, - bp1 sy bpaaysbrasy s broays cbresy Lv(bro.sy),.
for each point x € I, I{ x ) = 1 (Figure 1(d)) do E-l]d if "
for each b{ij} - f"n'r{b}{} do ’
dii gy =dx, by 3) = |Ix — by, |2
end for

Update tl babilities vect sitions as follows (Fig 1(£)): - g
pdate the prc:}:ra,:rllle?;i:;: v positions as follows (Figure 1(f)) 1 CIrCUIar Shape descrlptOr

v(biigy) = vibgiay) oy Pliay = 2y, g eNy ) X =ty 117

end for | Rotation invariant

Normalize the vector v as follows:

& =395 vi, vi = %,¥i € [1,..,CS) Cascade detector spotting

G U(bres—kg1y). v (bgeay ), o v(bie s—ky ) }

Bat2 5x5 Bat2 24x24 Bat2 54x 54

2.RESULTS

20 predefined plan files of
the Smart Draw software.

20 old musical scores
from a collection of
modern and old musical
scores (19th century) of
the Archive of the Seminar
of Barcelona.

/0 object categories from B . | - CBSM Zernique
the public MPEG7 binary | —— , ; — e A A o TP 71.84 (6.73) 65.79 (8.03) | 43.64 (7.66)
object data set. i A Sy Zoning CSS SIFT

| | ' 58.64 (10.97) 37.01 (10.76) 29.14 (5.68)

3. CONCLUSIONS

We presented the Circular Blurred Shape Model descriptor. The descriptor codifies the spatial arrangement of object parts based on a prior blurring
degree. The descriptor has shown to be potentially useful to describe objects that may suffer from irregular deformations, such as the symbols that
appear in document analysis. The descriptor Is learnt using a cascade of classifiers with Adaboost to discard non-object regions, and tested over
whole images, localizing the target objects. The symbol spotting procedure presented in this paper shown to robustly locate object instances In
documents, such as symbols in plans and old musical scores. Moreover, the presented descriptor also outperforms the state-of-the-art descriptors
when compared in multi-class object categorization problems.
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