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This paper presents a combination o fuzzy system and dynamic analyticd model to deal with
imprecise data derived from feature etraction in handwritten address images which are compared
against postulated addresses for address verification. A dynamic building-number locéaor is able to
locate and recognise the building-number, without knowing exadly where the building-number startsin
the @ndidate aldressline. The overall system achieved a crrect sorting rate of 72.9%, 27.1% rejection
rate and 0.0% error rate on ablind test set of 450 cursive handwritten addresses.

1 Introduction

Automatic handwritten address reading has a number of commercial applications,
including automation of the handwritten letter-mail stream. To keep the aror rate low
while retaining a high rea rate is a aiticd asped for these gplications. The aldress
reading task is made particularly difficult because of the large variety of writing styles
and abbreviations, and the presence of uncertainty in handwritten addresses. The
aphanumeric fields found in the aldress such as buil ding-number, can play a aucial
role in compensating for the estimation errorsin holistic fegures.

Fuzzy set theory is a generalisation of abstrad set theory. Hence, fuzzy set theory
has a wider scope of applicability than abstrad set theory in solving complex or ill -
defined problems that involve, to some degree subjedive evaluation. A fuzzy logic
system was described by Gader et al. (1995 for handwritten stree numbers location.
Madhvanath et al. (1997) used a warse-grained holistic model to improve the eror
rates of a lexicon-driven analyticd classifier for rapid verificaion of handwritten
phrases.

In this paper, we have gplied our idess and strategies to the spedfic task of
locaing and recognising the dphanumeric address fields in Singapore handwritten
addresses to reduce mail being wrongly recognised by the OCR of the 6-digit postcode.
This paper presents a system which employs a method which dynamicadly locates and
recognises the building-number in Singapore handwritten addresses. The proposed
method uses a fine recognition model to maximise crred sorting and minimise erors
of afuzzy-based coarse holistic model (Leeand Leedham 1999).

2 Script Address Pre-Processing and I nter pretation

The automated reading of an address can be subdivided into the following principal
tasks: preprocessng, recognition and interpretation. The preprocessng step starts from
the scanned letter mail to address block location, to line locaion and finaly to
segmentation of linesinto words and if posgble into charagers.

Handwritten addresses typicdly contain a mixture of isolated hand-printed
charaders, and conneded cursively written or printed words. Figure 1 shows two
typicd address smples of the Singapore aldresses we ae dtempting to recognise. A
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priori knowledge of possble aldresslayout is used to locae apostcode candidate and
segment it into discrete numerals. These numerals are passd to a badk-propagation
neural network numeral recogniser. The results consist of humeric dternatives ranked
by a confidence measure. Postcode candidates are reconstructed from the individual
charader recognition results and multiple postcode hypotheses are generated. The
confidence value of the reconstructed pastcode is derived from the wnfidence of the
individual recognised numerals. By use of a complete country-spedfic diredory for
postcode-related addresses, a lexicon of address words is generated. The task of the
holistic verifier is to rank those postulated addresses by matching it with a set of
feaures extraced from the input image. Oncethe postcode is verified a similar strategy
can be gplied to building numbers. To ensure the eror rate is low, this implies the
cgpability to rejea a wrong address This may occur either if the image is not what it
was suppaosed to be, caused by incorred word segmentation, or incorred estimation of
word feaures particularly in the number of charaders and closed/nea loops.
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Figurel:  Typicd images of handwritten addresses

3 Estimation of Grades of M embership for Handwritten Address Words

Let X = {x} denote aspaceof objeds. Then a fuzzy set of type 2, A in a universe of
discourse X is charaderised by a fuzzy membership function u,, as a set of ordered
pairs

A={x X} x0OX D

where Ua (X) isthe grade of membership of x in A on the unit interval [0,1]. The grades
1 and Orepresenting, respedively, full membership and non-membership in a fuzzy set
refled an “ordering’ of the objeds in the universe where the grade-of-membership
value Ua (X) can aso be interpreted as the degree of compatibility of the predicate
asciated with A and the objed x.

In general, we distinguish three kinds of inexactness found in handwritten
addresses, namely, generality, that a concept applies to a variety of conseguences;
ambiguity, that it describes more than one distinguishable sub-concept; and vagueness,
that predse boundaries are not defined. All threetypes of inexadness are represented
by afuzzy set:
¢ Generality occurs when the universe is not just one point,

«  Ambiguity occurs when there is more than one locd maximum of a membership
function, and
*  Vaguenessoccurs when the function takes values other than just 0 and 1

A Euclidean space is a vedor spaceover R together with a spedfied inner product
in the space Consider a word from the aldressimage & avedor, a = (Xg, X, ... X,) and
aword from the postulated address 8= (y1, Yz, --- Yn), Where X, measures the i" feature
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in the word a and y; measures the i feaure in the word S, are dements of R". Let V be

a finite-dimensional Euclidean spaceover R and let B = (a4, ..., a,) be an ordered
basis of V. The numericd-valued function (|) onV x V into R defined by
n
(alp) = _lei i, @
| =

where a = Yixa; and B = Siy;a; is an inner product in V. Notice that in this

Euclidean space
oL ifi=j, .
@la) = o I 1cijsn
ifi#j,

From the symmetry, (a | ) = (8| a) and the lineaity, (aa + bB|y) =a(a |} + b(B] ),
foral a, B, yO V and al a b O R, of an inner product, the bili neaity of an inner
product isthe inferred lineaity in the seoond argument. Hence, Eq. (2) becomes

@lp = iﬁlxi(ai la))y, 3

i=lj=
where a = yixa; and B= y71y;a; are dementsof V. It follows that the inner product
is determined by the n? scdars

¢ = (ai| oy, 1<i,j<n. @)
€ - G,0
These scdars define the matrix C = B E’
@nl Cnna

which is cdled the matrix of the inner product ( |) relative to the (ordered) B-basis. By
virtue of the properties symmetry and (a | a) > O, if a# 0 of an inner product ¢; = Gj;
and ¢; > 0forl<1, ) < n.On writing the vedor elements of o relative to the B-basis as
the 1 x n matrix and the vedor elements of 8 as the n x 1 matrix, Eq. (3) can be
expressd as the matrix product

@B = (% s X)(C) (s oo V) (5)
If (ay, ..., a,) isan orthonormal basis of a Euclidean spaceV, then for al a, BinV
a=S@laja ad (@lf = 3@la)Bla). ©®)

If a, 3OV, thenfromEq. (2), o= Yixa; and B= Yiy,a;, wherex = (a | aj) and y; =
(B| ), 1<i<n(seeEq. (6)). It followsthat a - B= Y1'(X —VY;)a; and hence

@-Bla-p = 306~y (7)
Foll owing through the steps from Eq. (2) to Eqg. (5), and from Eq. (7) we get
@-Bla-p = 30 -¥)c ®

The distance d(a, ) between vedors a and S with inner product (|) is

d(a,p) = J@-Bla-p) 9)

Finally, the fuzzy member ship function, L is defined as
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pa() = [1+{d(a,B/F} 1" (10

-1

d n 2
=+ g > (%~ ¥i)’c /Flﬁ: O
O = E O
0 0

where the fuzzifiers F; and F, have their significance for creaing fuzziness of a set
(Pal and Maumder 1977). The optimal matches between words in the input address
and the postulated address is achieved by solving the assgnment problem in linea
programming. The overall score for ead addressis computed as the normali sed sum of
the optimal word scores.

4 Dynamic Classifier based on Semantic I nformation

The building-number found in Singapore postal addresses usually appeas in the
seoond line of the handwritten address The semantics of the dphanumeric building-
number can be summarised as foll ows:-

e |t can be asuffix of afixed pattern, namely the word “Block” or “BIk”.

e |t takes the pattern of n+a* where n represents a numeric charader and a
represents an alphabetic charader. It must consists of at least one or more numeric
charader (n+) followed by an optional alphabet charader (a*). In certain case, the
pattern a* is also possble. That is, the building-number consists of only one
alphabet charader.

The dynamic dassgfier approach is that the first and last letters of the image were
separately recognised by two classifiers, one numeric and the other an alphanumeric
clasdfier. The rest of the letters were recognised by a numeric dassifier. The
reaognition result is the best path (maximising confidence) through the first letter,
middle letter(s), and last letter, in which the analyticd scores represent the locd
congtraints at the first and last stages. The @nfidence value of the word is the product
of the top confidence values of ead letter recognised. It is dynamic because for eat
building-number image the analyticd classifier generates a completely new content.
Thus, the location of the building-number can be determined easily no matter where it
isaong the observed line.

Segmentation of touching, overlapping and conneded charaders is also a problem
as down in Figure 2 which requires a numeral string segmentation algorithm (Shi et al.
1997).
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Figure 2: Examples of (a) touching, (b) overlapping, and (c) connected characters.

5 Analytical Rapid Verification of Alphanumeric Address Fields

The mnfident analyticd score of the building-number further verifies the holistic
approach finalised pastcode a the final stage of the aldress verificaion (Lee ad
Leedham, 1999. Thisis implemented through a set of heuristic rules derived from the
analyses of the aror imagesin the training set.
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The buil ding-number is normally written on the line diredly below the aldresseés
line. So, the detedion of this alphanumeric field is concerned with finding the corred
position within that line. Dynamic location of the buil ding-number:-

e “BLK” pattern detedion. This pattern is deteded by recognising the first letter of
the first word as aletter “B” or,

e Existence of the hash symbal, “#'. Note that in Singapore Housing and
Development Block (HDB) addresses, apartment units are written as “#03-22" for
a3 floor and number 22 unit.

« Merging of “broken” building-number by exploiting the next word to the
recognised huilding number (e.g. “6” and “B” bemme “6B™).

In the presence of the word “BIk” or a hash symbal “#” in the aldressimage, the
finding of the building-number starts from the second word. The following word is
recognised as well to determine whether there is a “broken” building number. This
frequently occursin cases when an alphabetic charader is a suffix to the numerals, e.g.
“Blk 232 A”. Hence, a merge of the letter “A” to the recognised “232’ is essential for
the analytical paradigm to produce @rred results.

6 Reaults

The database of 900 handwritten addresses was colleded from a wide and random
population. Threehundred people were asked to write three @dresses on speda white
printed cards, which had dropaut colour boxes and lines. The printed boxes were used
to write the postcode field while the rest of the aldressfields were written in a totally
unconstrained manner with horizontal guidelines only. In this way, the numera string
segmentation problem can be handled separately. The envelope-like cads were
scanned using Hewlett Padkard Scanjet flat bed scanner operated at 200 dpi (dots per
inch) with a scanning zone of 6x14cm for consistency with international postal sorting
systems. The digital images were randomly divided into a training set of 450 images
and a testing set of 450 images. The training set was used to fine-tune the pre-
clasgficaion modues, and the testing set was used for evaluating the performance of
the final system. Table 1 summarises and compares results of the various techniques
used at different stages of the handwritten addressinterpretation system.

Table 1: Performance with and without analyticd rapid verification of alphanumeric fields

Correctly Sorted Rejected Wrongly Sorted
Techniques % % %
TR TE Total | TR TE Total | TR TE Tota

1. Postcode recognition (OCR alone) | 82.1 80.5 813 45 79 6.2 134 116 125

2. OCR + postcode dictionary chedk | 89.0 849 87.2 27 72 A7 83 79 81

3. Halistic Verification 729 718 723 269 278 274 02 04 03

4. Dynamic Analyticd Verification 740 729 734 260 271 26.6 00 00 00

(TR =training set; TE = testing set)
From Table 1, the hard classfier result shows a totally unaccetable sorting

performance with a high error rate of 11.6%. When added with semantic information
by cheding the validity of the reconstructed pcstcode ajainst a postal diredory,
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athough improvement was observed, the aror rates remain high at 7.9%. In address
verification, the use of halistic feaures has sgnificantly reduced the wrongly sorted
images to a percentage of below one on the TE set at the expense of more items being
rejeded. An important observation was found in the last tested Technique 4. An
increment of 1.1% in the crred sorting rate (72.9%) and a virtualy zero error rate
were obtained. This is posshle becaise the analyticd model rejeds the wrongly
verified address caused by the holistic verificaion by deteding a mismatch in the
postulated buil ding rumber against the recognised buil ding number.

7 Conclusions

The analyticd dynamic dassfier approadch described in this paper exploits smantic
information or the likely syntax constructions found in the aldresses to improve the
locaion of the building-number and the overall analyticd scores. In the first approach
fuzzy sets srve & a mmpressed description of impredse, generaly contradictory
pieces of information mainly due to inexad holistic feaures extradion. We employ a
refined analyticd model to our previous developed holistic model, based on
identifiable dphanumeric addressfields to achieve amore predse interpretation of the
handwritten addresses. The rapid verificaion of building-number image supplements
the aarse word shape feaures to correct some wrongly rejeded images and eradicaes
errors caused by the holistic verification.
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