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Abstract

This paper presents an approach for the recognition of off-line handwritten numeric
strings using genetic aigorithm. The proposed scheme is divided in two parts. The first
part is remove fhe image noise, then the vertical projection is used to segment the
numeric strings at isolated digits and every digit will be presented scparately io the
sccond part. The second part using improved genetic algorithm to recognize isolated
handwritten digit. The result of the recognition of the numeric strings will display at the
exit of the global system.

Keywords: Handwritten digit, Genetic algorithms, Pattern recognition, wvertical
projection.
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1. Introductico

Automatic  reading of numeric
fields has been attempted in several
application areas. One such area is the
reading of courtésy amounts on bank
checks. This application has been very
popular in  handwriting recognition
rescarch, due (0 the availability of
relatively inexpensive CPU power, and
the possibility to reduce considerably the
manual effort, and errors involved in this
task. Another application is the reading
of postal ZIP codes in addresses written
or typed on envelopes. The former is
motre difficult than the latter due to a
number of differences in the nature of
the bandwritten material. For cxample,
bank check systems have w take into
account the great varlability in the
represeniation of a numerical amount
and shape, e.g., the nuomber of
components to be identified, which is
not necessary for a ZIP code system
since the mmmber of digits is fixed and
known a priori. Another imporant
requirement from a bank check system is
its reliabiiity. [t has been estimated that
such a system becomes commercially
efficient only when the error rate is 1
percent or Tower [1].

Methods  for courtesy  amount
recognition belong to the class of digit
recognition techniques although in many
cases these amounts include also some
non digit symbols such as commas,
pericds, strokes, currency names, eto.
Strategies for digit string recognition can
be divided into segmentation-then-
recognition [} and segmentation-based
recognition [2]. In the first approach, the
segmentation module provides a single
sequence  hypothesis where  each

subsequence should contain an isolated
character which is submitted to the
recognizer. This technique shows its
limits rapidly when the correct
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segmenmation dogs not fit with the
predefined rules of the segmenter. Very
often. contextual information is used
during the segmentation process 1o
improve the robustness of the system.

The second strategy is based on a
probabilistic assurnption where the final
decision must express the best
segmentation recognition score of the
input image. Usually, the sysiem yields a
list of hypotheses from the segmentation
module and cach hypothesis is then
evaluated by the recognition. Finally, the
list is post processed iaking inlo account
the contextual information. Although
this approach gives a better reliability
ihan the previous one, the main
drawback lies in the computational effort
needed to compare all the hypotheses
generated. Morcover, the recognition
module has to  discriminate various
configurations  such as  fragments,
isolatcd  characters, and connected
characters. In this strategy, segmentation
can be explicit when based on cut rules
i3.4] or implicit when each pixel column
is a potential cut location [5,6].

According to the way handwriting
data is generated, two different
approaches can be distinguished {77: on-
line and off -line. In the former, the data
are captured during the writing process
by a special pen on an electronic surface.
In the latter, the data sre acquired by a
scanner after the writing process is uver.
Off-line and on-line recognition systermns
are  alsp  discriminated by the
applications they are devoted to. The
off-line recognition is dedicated to bank
check processing, mail sorting, reading
of commereial forms, ete., while the on-
ling recognition i3 mainly dedicated to
pen cemputing industry and  security
domains such as signature verification
and author authentication.
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This paper deals with numeric
strings  recognition and presents an
effective  scheme bhased on genetic
algorithm. Improved genetic algorithm

Te obrain solations, the problem space
is initially encoded inte a relevant
format,  suiable  for  evolutionary
computation. The parameters of the

will be used and genetic operators enable
the current recognition scheme to do
refinement process alopg with a
classification. In order t» evaluate the
robustness of the scheme, the
experiments are present on two diffcrent
databases; isolated digits from MNIST
database available from internet ang
numeric strings for four writers,

This paper is structured as follows:

sgarch space arc encoded m the form
known as chromosomes ({individuals)
and each indivisible parameter in a
chromosome is called a geme. A
collection of such strings is called a
population and  a  number of
chromesomes in population are calied a
popuiation size. Initially, a random
population is created, which represents
differcni points in the search space. An

Section 2 provides a brief overview of ohjective  and  fitmess  function s
the pgenetic algorithms., Section 3 associated  with  each  siring  that
explains the proposed scheme and represents the degree of gondness of the

Section 4 reports the experiments carried
out. Finally, Section 5 prescnts the
conclusions.

chromoseme. Based on the principle of
sutvival of the fittest, a few of the strings
are reproduced and each is assigned a
number of copies that go into the maling
pool. Biologically inspired operators like
crossaver and mufation arc applied on
these strings to yield a new generation of
chromosomes. The  process  of
reproduction (selection), crossover, and
mutation continues for a fixed number of
generations  or till a termination
condition is satisfied.

GA is useful when a sub-optimal
solution is sulficient. GAs were designed
to efliciently search large spaces, they

2. Genetic Algorithms |§,9]

Genetic  Algorithms  {(GAs)  are
guided, yet random search algorithms for
complex optimization problems and are
based on principles from natural
evolutionary theory,

GAs are computationally simple yet
powerful and do not require the search
space to be continuous, differentiable,
unimodal or of a functional form,

The GA process is dilustrated in

Figure 1. have been used for a number of different
application areas such as camera
Procedure Gid: calibration, signalure vetification,
Begin medical diagnosis, facial modeling, and
Initializationfneni; handwritlen recognition,
Evaluation{pop);
While (not termination condition) 3. The proposed genetic-based

Parents = Selectiomipop);

numeri¢ strings recognition system
Offspring = Crossover (parents);

Mutationfoffspring); The aim of i
i o proposed system is to
f; op = Replacement(offspring); recoynize the handwritten nureric string
waluationipopl; using GA
End: : , .
Fnned The following figure explian the

general diegram of the proposed system.
Figure 1: The GA process ¢ pro 4
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Figure 2: General diagram of the
proposed system

The proposed system is divided into
lwo main pans;

1. Preprocessing

The preprocessing attempts to
eliminate some variability reluted to the
writing process, such as the variability
due ta the writing environment, writing
style, acquisition and digitizing of image
(16,11, In our case, the following
préprocessing operations were used:

a). Filtering and inversion of the gray
levels

During filtering the noises in the
image due to different reasons (bad
acquisition  conditions, bad  writing
conditions, the writer's mood, .. etc.) was
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eliminated, in our case, some digits were
marked “peppers and salt" noise [12],
the application of the median filter on
the digit image permitted us to eliminate
this type of noise [13}. In order to reduce
the amount of calculation we reversed
the gray levels of the character image
{black for the bottorn and white for the
object).

b). Segmentation of the numeric strings

This  stage used the vertical
projection to segment the numeric string
into isolated numbers. The wvertical
projection for a given image is the
number of the object pixels in every
column of the image; it is obtained by
the Equation 1 [10,13]:

Vi = 3 IMG ) )

i-%
Where:

¥fi): is the value of j order of the
projection sequence.

IMftj): the value of the pixe]l whose
coordinates are 1 and j in the
image of the numeric strings,

x: is the number of lines of the numeric
strings image.

The segmentation of the numeric
strings in digits is achieved by exploiting
the transition black/white for
white/black) when we sweep for the last
line the image celumns of the wvertical
projection.

c). Normalization of the digit image
Knowing that the images of the

(digits have variable sizes, this operation

consists al nommalizing the image size at
12 = 8 pixels by using nearest ncighbor
interpolation [13].

2. Recognition of the numeric Strings
. The objective of this part of the
proposed  system is 1o recognize an
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unknown pattern. Jt  uses  genetic
algorithin to achieve this task, Every
obtained digit by the normalization will
be presented separately to the entry of
the GA. We proposed an improved G4
called IGA as shown in Figure 3.

Prosedure [GA,
Begin
Tnicialiration{pop);
Evoluation(popi;
Sortpopl.
Hhile (rot termination condition}
N = population_size DIV 2,
newpop(L) = pop(L);

Jori= Yo N-1
Farent! = popfil;
Poram? = papii+1);
CHrpring = Crossover (parent!,

pareni);
Mugarion{afspring).
newpopli+ 1) = offspring;
Endior:
forj=TtoN

Parentl = pop(ih
Parent? = pab(N+il;
fispring = Crossover fparent ],
parentl);
Mutationfoffipring).
newpop(Nj) = offipring,
Endfor;

bap = newpop,
Evaleationfpop);
Sort{pop),

Ened

Figure 3: The proposed improved GA
(1GA)

The improved GA {(1GA) works as
follows: after the initial population. is
generated and evaluated. The population
is sorted, and a new population is created
by applying the genetic operators of
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selection, crossover, and mutation on
chromosomes of the current population
as the following: the best chromosome
will be passed to the new population
without modification. After that the
sorted population is divided in to two
equal groups. From the fist group, we
select cvery two adjacent chromosomes
as parcnts for crossover and mutation to
generate new offspring for the new
population. This pracess will be created
N-1 offspring (where N is the half of
population size}. Form both groups we
select the chromosomes with the same
position in their group as parents for
crossover and mutation to generale new
offspring for the new pogulation. This
process will be created N offspring. The
generated population is evaluated and
sorted. This process repeated several
generations till termination conditions
are satisfied. :

The  difference  between  the
traditional GA and the proposed 1GA is
the selection scheme only. The selection
scheme of IGA has the following good
characteristics, which helps to increase
the population diversity and improves
the GA’s performance, as well as
preservation the population evolution:

» Giving the worst chromosomes the
chance to participate in generating new
population as the best chromosomes.
This was done because there is a
possibility  of  finding  good
characteristics in the worst
chromosomes that can not be found in
the best chromosomes.

» Prevents the repetition of the selected
parenis in the same generation and
gives all chromosomes in population at
least one chance always to participate
in gencrating new population.
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» Ensures that the fittest chromosome of
each generation always propagate mto
the next generation,

The various sieps of a GA for
numeric  stoings  rtecognition  are
described bellow:

a). Representation scheme

An integer encoding is used n our
system. Each chromosome m the
population is a possible solution, it is
imptemented as a vector of bytes and
each gene represents the equivalent
decimal number for the row (each row
was considered as a binary number of 8
bity in the unknown pattern (digit),
therefore the length of chromosome is
equal to 12. The representation of
chromosome in the population is shown
in Figure 4.

_"|\ s [ETE R B L ]

Linknows pablesn LT T

Figure 4: The chromosome
representation

b). Nen-random initial population

The initial population is generated
depending on the input digit {unknown
pattern) as in the following: the first
chromosome in the population is the
unknown  pattern  affer it was
transformed into a vector of bytes, and
the other chromosames are derived from
the same unknown pattern with making
random changes in random positions
according to suitable probability or by
shifting the unknown pattern
horizontally and/or vertically with a
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certain number of dots, after that it is
transformed into a vector of byles.

¢h Fitness function

In order to evaluate the goodness of
a chromosome, five different templates
were taken for each digit (0.9) and
stored as group. The similarity (number
of corresponding  bits) between the
unknown pattern  and the stored
wemplates are calculated, Then, the
average of similarity for each group was
computed and the largest averapge is the
fimess value for this chromosome, as
follows:

3 §!] @)

F! : the degree of similarity between
ihe stored template j for the digit
i and the unknown pattern,
i digitindex i=0¢, 1,2,...,9)
j: digit template index (j = 1,2,.., 5)

Here, the maximum value for
fithess is {12%8 = 96).

d). Genetic operators

Now the next generation is created
by applying the genetic operators, as
foltow:

Uniform cressover (UX) is applied,
which is a probabilistic process that
shuffles informabon between two parent
chromosomes for generating new
offspring The UX here uses two
chromasomes  to produce  one
chromosome in the crossover process.
This process is summarized by a
cancellation of any uncoincident pixels
for both of chromosome patterns.

Mutation operator (1m) is applied,
which is randomly picks up a gene in the
chromosome and change its  value
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properly in order to allow the GA to
escape from a local optimal to search for
a global optimnal.

The genetic operators were applied
on the current pepulation to generate a
new population.

e). Termination criteria

The generation of new populations
continues iteratively until that at least
one of the following termination criteria
is met:

1- The current generation reached to the
130 generation.

2- Obtain fitness greater than 90,

3- Repeat the best chromosome more
than 30 sequence gencrations.

After the GA stopped, the fitness of
the best chromosome was checked. IT it
is greater than 20 the system arrives to
associate one and only one prototype to
the recognized digit. Otherwise, the
system doesn’t take any decision of
classification (rejected the digit).

After processing all the segments
{digits), the system displays the result of
the recognition of the handwritten
numeric strings. A detailed example of
the proposed system implementation is
given by the Figure 5.

Basrah Tournal for Engining Science/No.2 /2010
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Next digit

Lacagnlieniof h; Aipk rivings

1854 9]
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Figure 5: Detailed examé«l'e of the
proposed system implementation

4. Experiments and Results

In order to test the effectiveness of
the proposed system, t has been applied
to recopnize different numeric strings. In
recognizing handwritten numbers, there
are some published experimental results.
Since these results came from different
datasets, authors, and evaluation metrics,
we cannol compare the performance of
the experimented classifiers. In this
paper, the experiments were performed
in two different contexts: isolated digits
{10000 digits are derived from the
original MNIST database [14]) and
string of digits (500 samples database
from four writers). Figure 6 show some
examples of MINIST digits that used in
tested our system,
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Figure 6: Examples of test digits from
MINIST database

For all reported results, the following
definjtions of the recoghition rate, error
rate, rejection rate and reliability rate
were used, Let B be a test set with Na
string images. 1f the recognition system
rejects Ny, classifies correctly N and
misclassifies the remaining Nem, then
[15,16]:

Recognition Rate (Rec_K) = % w100 - - - 3}

Error Rate {Frr R} = % <100 - - - {4

B

Rejection Kate (Rej R) = N 100 ¢ (5)
iabil - ReeR 10046
Reliability (Rel) = ¢ ——p"55——2 <100 {6)

Therefore, the recognition rate,
error rate and rejection rate sum up to
100%. In general, the recognition rate is
a valid rate, bul to characterize the
quallty of the classifier for practical
issues, this rate is not appropriate. A
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more suitable rate for classifier
examination in real applications is the
reliability  rate, which gives an
impression of the classifier behavior in
several different situations. Such a rate
takes not only the error rate, but aiso the
reject rate into consideration.

For all experimenis, the following
GA parameters are used:

s Population size: 16
# Probahility of crossover (Pc): 0.9
» Probability of mutation {Pm): 0.005

Tables | and 2 summarize the results
obtained by the proposed system for
{ested images with resojution 75 dpi and
300 dpi respectively.

Table 1: Results and different rates
for resolution 75 dpi

String | Rec_R Err R Rel R Rel¥e
length ] bl %

1 B6.83 598 7.18 03.55
90,05 398 593 957
291 B3 24 9129
91.85 4.82 332 95.01
§9.54 527 8% 9347

Avg | 5983 591 454 9381

o e R

Table 2: Results and different rates
for resolution 300 dpi

String [ Rec_ R Err_R Rel R Rel%
length % % %
! 9323 3oL 376 9612
2 ] 95,65 233 201 9754
1 94.07 226 367 96325
4 95,26 235 239 97.5%
& | 948 267 242 9751

TAve | 94.62 252 285 9107

1t is obvious that the proposed
system gives a pood recognition rate
when the resolution increases,
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The proposed system is able ©
recognize any lengih of numeric strings.
Figure 7 shows some examples of
cotrectly and misclassified numbers
resulted by the proposed system.

1965 4ok
UJE for
1945 Yoh Y

T Ny

Y

A

1965 [405]

,918 323 &

7513 829 5 2L

783 827 L 7
7813 [829 !

a}. comeut pnilen LY. urclandberl maiden

0 o DD O

_|
—

ac & b

Figure 7: examples of (a).correctly
recognize and (b).misclassified
numbers

5. Conclusions

1. The using of OA as handwritien
recognizet gives encouraging results.

3. The proposed syslem  needs
minimum  preprocessing  stages
pecause the GA operators {Crossover
and muiation) enable the pattern
recognition system to do refinement
process along with classification.

3. The recognition rate depends oo the
resolution of the scanned pattern as
shown in Tables | and 2.

4, Using an integer encoding in the
proposed system minimized the
chromosome length to 12 genes
instead of 96 genes when using
binary encading. This helps to
decrease the calculation time.
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5 The IGA has the following good
characteristics ~ compared  with
traditional GA:

« Giving the worst chromosomes the
chance to participate in generation
new _population as the best
chromosomes. This helps to
increase the diversity of
population. Which increase the
1GA’s chance to find the best
solution.

elt has an efficient selection
method, which  prevents  the
repetition of the selected parents in
the same generation. This implies
to increase the diversity of
population.

e Ensures that the best fittest
chromosome of each generation
will propagate into the next
generation always; to preservation
the good characteristics of the
current population from lost or
destroyed in the next generations.

But, the {GA take more titnes than
traditional GA because it sorted the
population in each generation.
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