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ZONING DESIGN FOR HAND-WRITTEN NUMERAL RECOGNITION

V.DI LECCEY, G.DIMAURQO? A.GUERRIERO!, SIMPEDOVO? G.PIRLO? A.SALZO?

(1) Dipartimento d Ing. Elettronica - Politeaico d Bari
Via Re David - 70126 Bari - Italy
(2) Dipartimento d Informatica - Universita di Bari
Via Orabona, 4 - 70126 Bari — Italy

In the field of Optical Charader Recogrition (OCR), zoning is used to extrad topologicd
information from patterns. In this paper zoning is considered as the result of an optimisation
problem and a new techniqueis presented for automatic zoning. More precisely, locd analysis
of feature distribution based on Shannon’s entropy estimation is performed to determine
“core” zones of patterns. An iterative region-growing procedure is applied on the “core’
zones to determine the final zoning.

1 Introduction

Notwithstanding hundreds of good recognition algorithms have been proposed so far,
machines are till far from achieve the performance of human beings in context-free hand-
written charader recognition, since diff erent writi ng styles and changeabl e writing condtions
make hand-written charaders extremely variable [1].

In order to improve the reaognition capability of reading machines, many efforts have
been devoted to the analysis of locd charaderistics in hand-written charaders [2,3,4]. A
simple way to oltain locd information is through zoning [5]. A zoning is a partition of the
control box of the pattern (i.e. the smallest redangle mntaining the pattern); the dements of
such partition are used to identify the position in which feaures of the pattern are deteded. In
other word, a handwritten charaders are first normalized and included into a control box,
successvely, acording to the zones of the control box, ead fedure is labeled with the name
of the zone in which it has been deteded. So far, the zoning design, that is the way in which
the partition of the control box is defined, was caried out exclusively on the basis of intuitive
motivations or personal experiences onthe domain of application. In some cases the control
box is divided into zones of equal size [5,6,7,8,9]: in other cases the control box is non-
uniformly divided acording to pattern density [10,11].

In this paper a new technique for zoning design is presented. The technique first
determines the statisticd distributions of locd fedures using the set of training patterns.
Successvely the Shannon's entropy is used to determine “core” zones of the control-box
showing high-discrimination cgpability. An iterative zone-growing processis used to design
the final zoning.

583

In: L.R.B. Schomaker and L.G. Vuurpijl (Eds.), Proceedings of the Seventh International Workshop on Frontiers in Handwriting Recognition,
September 11-13 2000, Amsterdam, ISBN 90-76942-01-3, Nijmegen: International Unipen Foundation, pp 583-588



2 Notation

In this paper the foll owing definiti ons are used:

o X=Xy, X, ..., X} : Set of patterns;

. F={fy,...f} : set of feaures;

e C={Cq,..,Cy} : setof pattern classs;

»  B:control-box of apattern,i.e. small est rec¢angular image including the pattern;
*  by:apixel of the cntrol-box, i.e. b B;

* I(by) : set of neighbour pixels of by (seeFigure. 1a);

. z;: asub-image of the mntrol box, i.e. z conneded comporent, i=1,2,...,M;
* 1(z): set of neighbou pixels of z; (seeFigure. 1b);

+ 2z :extended zoneof z,i.e.z' =z 0 {b} , being b0 I(z) (seeFigure. 1c);
»  Z={2z3, 2, ..., zy} :zoning of a ontrol box B, i.e. Z isapartition o B;

. [ ] I(b) zone z [ 1(z)

pixel by —;H (graypixds)  (black w | (gray pixels)
(black p|&7 ?::/ ~ -

| || ||

Figure. 1a Figure. 1b
pixe by
[ ]
- |~ Z*i
- ™ (black pixds)
Figure. 1c

3 Shannon’sentropy for pattern discrimination.

Shannon’s entropy has been widely used in Pattern Reaognition for dedsion tree
construction, image thresholding and segmentation [12,13,14,15]. Shannon’s entropy is
defined as[16]:

1

k

H(P)= 3 pclog, &

where P=(p,p,,...,pm) isaprobability distribution.
Now, if each element p, of the vedor P represents the probability that fedure f; is
deteded in the image zne z for the patterns belonging to C, ,k=1,2,...,m, the
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Shannon’s entropy can also be used to estimate the discrimination cgpability of ead
zonez. Infad, it is easy to verify that:

. . Op, =1
. min H(P) if k=1,2,...m0O ] ~
Op =0 k#k

«  max H(P) if Ok=12,...m: P =—.
m
For instance, let be P={py,p,}, the behaviour of the Shannon’s entropy is provided in

Figure. 2 (p=1-p,).

I 4 L §
: \
o) AR — Y

0O 05 05 0/ 1p

Figure 2: Shannon’s entropy

Figure 2 shows as the Shannon’s entropy can be used to estimate the discrimination
capability of a zone: if the presence of feature f; in the image zne z is equally probable
for patterns belonging to C, and C; it results P={0.5,0.5} and therefore H(P)=1 (eq. 1);
if the presence of fedure f; in the image zne z occurs exclusively for patterns
belonging to C, , in thiscase P={1,0} and H(P)=0 (eq. 1); similarly, if the presence of
feature f; in the image zone z; occurs exclusively for patterns belonging to C, , it results
P={0,1} and H(P)=0 (eg. 1).

4 TheZoning Design Problem

In this paper, the zoning Z = {Z_l,Z_z,,a} is derived by the following
optimisation roblem in which the Shannon's entropy H(P%) is used to evaluate the
discrimination capability of zone z when fedure f; is considered:

— M .

Z=miny 3 HP’)) @

j=1

where P4 =(p; 4,p2 %,....om %) is the probability distribution of the feauresf; in z for
patterns belonging to the dasses C,,C,,...,C. The probability distribution P4 =(p; 3,p,
4,...,pm3) is computed by using the formula:
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zi FC (Z) .o m Zi .
P :mk—J,,f S Fo (z)); p! =0,0therwise

Z FCk (ZJ) k=1

k=1
where FCk(Zj) = ka(Zj) / ch , and
>  Xc(z)=cad{tOX |tbelongsto C,, andf; hasbeen deteded int at zone z; } ;
> Ng, = cad {tOX |t belongsto Cy }.

Ok =12,...m

5 A Tedniquefor Zoning Design

The technique for zoning design, based on eg. (2), is described in the foll owing:

(Preliminary Phase)

+  For ead one-pixel zone z; of the pattern image compute: P =(p; 5,p2%,....pm %)

(Phase 1: Core” zone Definition)

« Deted the M "core" one-pixel zones of the image z={b;}, z={bj},...,
z={b},....,zu={bwm} with the best discrimination capability (the points b; are locd
minima for function H) .

(Phase 2: |terative zone-growing procedure))

. Reped until the set of zones{z,,2,,..., 7 ,...,zv} becomesapartition d the pattern
image:

O For ead z, j=12,...,M, sded z*y, S0 that: H(PH )=min{H(P%) |z" is an
extended zone of z;}

O Seledthe mnez*mnsotha:  H(PY ) = min{ H(PY) |j =1.2,...,M}.

This zone-growing processcontinues until the set of zones beames a zoning, i.e. the set

of zones becomes a partition o the ntrol-box.

6 Experimental Results

The new technique for zoning design has been applied to handwritten numeral
recognition. For this purpose we @mnsider the dasses C={ C, ='0',..., C;;='9}, and the
set of feaures F={fy,...,fg} [17,18]: f; : vertical-down cavity; f, : vertical-up cavity; fs :
horizontal-right cavity ; f; : horizontal-left cavity; fs : vertical-down end-point ; fg :
vertical-up end-point; f; : horizontal-right end-point ; fg : horizontal-left end-point; fy :
hole. The pattern set X used for zoning design consists of the 18468 hand-written
numerals extraded from the "BR" diredory of the CEDAR database [19].

The new technique for zoning design has been evaluated with resped to a
traditional zoning based on a 4x4 grid. Numeral recognition hes been performed by an
holograph-based technique [20]. Table 1 reports the results when a 4x4 grid is used (a),
and when the new technique is adopted (b). The set of 2671 hand-written numerals from
the CEDAR database has been used for the test [19].
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This result demonstrates the dfediveness of the new tedhnique even if the
reqognition rate is not satisfadory for some dasses. In fad, several zones provide
information wseful for the dasdfication d patterns belonging to a restricted subset of
classes, while no zone provides information wseful for the other classes. In this snse
other optimality functions must be nsidered able to sdled zones with high-
discrimination cgpability and with complementary behaviour.

Table 1: Experimental Results

Pattern Class Number of Reagnition rate
Testing Patterns Zoning (a) Zoning (b)
0 355 68% 7%
1 288 85% 93%
2 220 88% 93%
3 206 84% 96%
4 179 7% 88%
5 116 56% 83%
6 243 65% 87%
7 217 63% 76%
8 189 60% 75%
9 176 65% 76%

7 Conclusion

In this paper a new technique for the zoning design is presented. Topdogicd
distribution o fedures is used to deted zones of the pattern image with high
discrimination cgpabilities. The experimental results, caried ou in the field of hand-
written digit reaognition, point out the dfediveness of the new approach and make
clea promising reseach dredions.
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