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ABSTRACT

An approach for the Segmentation of offline hanttem connected two-digit strings
is presented in this paper. Very often even iniat@d text, adjacent characters tend to
touch or connect. This makes it a problem in penfog proper character isolation,
hence difficult in segmenting the digit strings ander to recognize its individual
characters. We, in our study have developed arridigg which provides a solution
based on the analysis of the foreground pixelibigtion to segment, connected digit
string pairs.

In the segmentation stage, the junction based tisglittechnique
decides complete segments of the connected digigst Use of fuzzy characteristic
values at the merging of the complete segmentateothe major segments (Merged
complete segments) from the minor segments. Inwlisk, it was found that the
unwanted connection resides within the minor segsnehthe connected character
skeleton. At the character isolation stage, allamaggments are combined with each
of minor segments to generate set of different eohon sketches. In order to
recognize individual characters of the connectining, these sketches are formulated
into a new input character image, which then candex as an input for a character

recognition system.

KEYWORDS: Skeletonization, Binarization , Fuzzy Rules, Coneédligit Strings,

Segmentation
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CHAPTER 1

1.1INTRODUCTION

Alphabetic character segmentation and recognitsoa basic need in
incorporating brainpower to computers. Machineliigience involves several aspects
among which optical recognition is a tool, whichndze integrated to text recognition
and speech recognition. Character recognition Wwétier accuracy is important, to

make these features effective and efficient.

Fig. 1. Connected Character String

Offline handwritten character reading by comput@gpam is a complex undertaking.
It is essential to separate a given charactergstcorrectly into the sequence of
characters. Any failure or error in the segmentasitep directly produces a negative
effect on recognition. The difficulty of handwrittecharacter segmentation comes
from the great variety of handwritings. In the cask hand-printed scripts,

segmentation is a relatively simple task. In theecaf overlapped scripts, broken
characters, connected characters (Fig. 1), loasatfigured characters, and mixed
scripts, segmentation is difficult. Overlapped, Kao, connected and loosely
configured characters are major causes of segnmm&trors [2]. Very often even in

printed text, adjacent characters tend to touchcamnect. However, connection

between digits strings in handwritten scripts ismamon.

1.2 CASE FOR THE NEED OF THE PROJECT

Issues that related to the segmentation and reogm@f handwritten
strings have been dealt in various ways for thesd\decades. It is well known that
the difficulties stem from not only variations exig in shape but also from various
ways of touching. And, in many cases, the segmientand the recognition could not
be considered independently, when connection betwbaracters is assumed. It is
desirable to develop segmentation techniques, wdnietstyle independent. However,

it is also reasonable to develop methods whichspexialized for handling broad
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categories of character segmentation situationsgd¢h as those listed below (the
order of increasing difficulty).

« Uniformly spaced characters, i.e. fixed-pitchtin

*Well-separated and unbroken characters, not unlfospaced

* Broken characters

» Connected characters

» Broken and Connected characters

* Broken and italic characters

» Connected and italic characters

* Script characters

1.3CHAPTER BREAKDOWN

The initial part of this dissertation includesletailed discussion on the
handwritten character recognition and how theyrelaed with the offline and online
dilemma. It provides details on the already avddabethods to solve the connected
character segmentation and as well as other aspécthe offline handwritten
character recognition.

The second section of the dissertation discusgem#thodology used
in this research in order to recognize connectediwatten characters. It discusses its
critical issues in the initial processing, how thkgorithm works and its detailed
implementation issues.

The final section of this report discusses the erpntal results using
the proposed methodology, its critical issues aagibility.

Following is a brief depiction about the forth-camgichapters and their contents.

CHAPTER 2: BACKGROUND

This chapter describes the background informatfdheconnected
character recognition and literature reviews orhadentified existing technologies

and weigh against each choice.

CHAPTER 3: METHODOLOGY

This chapter consists of the methodology usedigwrésearch. Further
it discuses the algorithmic approach for the systeahization.



CHAPTER 4: RESULTS & DISCUSSION

This chapter describes the experimental resultsigaxtjfrom the

research
CHAPTER 5: CONCLUSIONS & RECOMMENDATIONS

This chapter is used to critically discuss the ltssof the project and
how far the objectives have been satisfied. It atamgests any predictable

improvements to the research.
REFERENCES:

Referred list of books, journals, research papedsveeb sites from the
related work.
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CHAPTER 2

2.1 BACKGROUND

Handwriting recognition technology is steadily gmw toward its
maturity. Significant results have been achievethapast few years both in on-line
and off-line handwriting recognition. While genedgantent text recognition seems to
be a long-term goal, some less ambitious tasksamently being investigated that
address relevant problems such as the recognifiposial addresses, and the legal
amount on bank cheques. Current systems are caphitanscribing handwriting
with average recognition rates of 90-99%, dependmthe constraints imposed (e.g.
connected or touched characters, size of the viagbhwriter-dependence, writing
style, etc.), and also on the experimental conuktif/]. One of the most common
constraints of current recognition systems is racogg the connected or touched
character strings that are present in an off-laeduwritten paradigm.

The Segmentation and Recognition of Connected cteas is a key
problem in the development of OCR/ ICR systems. Wamethods have been
proposed in the recent years. These methods inchadgnentation of the connected
handwritten two digit strings based on the thinnioig background regions [3],
comparison with touching character images syntkeésizom two single character
images [4], a neural network based approach to wghlvarious types of touching
observed frequently in numeral strings [5], stat@tand structural analysis combined
with peak-and-valley functions to segment machinetpd addresses [6].
Performances of the statistical methods dependheraimount of data used in the
definition of the statistical model parameters, amd not flexible enough to adapt
new handwriting constraints. Once the networksti@i@eed, the advantages of neural
networks are automatic learning and quick classifim. Their drawbacks are the
requirement of long processing time and a propetasgd for learning. The
background thinning based approach first locategeraé feature points on the
background skeleton of a connected digit imagesiBlesssegmentation paths are then
constructed by matching these feature points. Fedzdecision rules, which are
generated from training samples, are used to ragikientation paths. The advantage
of the work of [3] is the possibility of segmentirgingle and double touched
connection in the character recognition dilemma.\Bloen considering the connected

character isolation, in order to recognize a cotetecharacter input image, is rather

6



difficult to achieve with the background skeletomalysis. The need of external
comparison with the touching characters [4] isidift to extend in to various

different handwritten styles.
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CHAPTER 3

3.1 METHODOLOGY

This section discusses the methodology used in rdggarch. When considering
existing systems, there are some major featuresedein [3], which, a connection of
adjacent handwritten digits can be categorized(ftg. 2),
(a) Two strokes from two adjacent digits touching emernd.
(b) The end of a stroke of the left/right digit touahithe side of a stroke of the
right/left digit.
(c) Overlapping of two vertically oriented strokes frawvo adjacent digits.

(d) Stroked connection between adjacent two-digit g&in

(a) (b) (c) (d)

Fig. 2. Different connection styles

The present technique can be used for the deteatidrithe segmentation of type (b)
and (c) style connections, while this paper focusasthe performance of the
algorithm in Stroked connection segments (d) incirenected character segmentation
dilemma. In addition, while it is assumed in thegppr that each connecting character
image consist of only two component characters ptiesent technique can be easily
extended to deal with the connected character imddeh consist of three or more
characters. The proposed system operates in twe@snoamely, Character Isolation
mode and the Recognition mode. The block diagramhef proposed system is
depicted inFig. 3.

This paper will cover the proposed system by priasgrihe preprocessing of
the connected character image, namely, the biriemgzahe skeletonizaiton, isolation
of connected characters, Junction based segmentatispectively. Merging of the
segments across junctions by calculating the fuctgracteristic values for each of
the merged segment is described in section (3.5).



o
L —)

Preprocessing

1 2 3 4 B 6 7
e W e W Y e Yo W W e !
ar £
L] w L
= L w =
£ 2115 2
= L 5] b= i =
y Bt — E b _Ch ! oh
a =] o A = 2 au
= p o] m o m [ g [}
[¥] T H i o o [+ il
ZNENEs|“YlE| 2l 2
5] = =) 5] ] = L= t]
¥ = o Q c o =
ol & || 2 = @ 5 =
= 2 @ = @ )
s A c a
o c = c =

© = S o)
e 9 o = o
o o gl
— — =
AN o cC = )
=] o [ =
SR { vt ——
= + = =
b o | =
=& £
= = & =
n @ E
= &
= aQ
s — £
L a
w
Y e
=
=
o
L
| S

8 [Merging of Segments across Junctinn5]¢

g [Segmented Character Sketch Iﬁnlatinn]
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Isolated Individual Characters for Recognition

Fig. 3. Block diagram of the proposed system

Each identified segment was then said to possesstain number of characteristics;
for each a fuzzy value was calculated, using ththats described in [1]. Segmented
Character Sketch isolation and the Formulationh&f mew Input character image
(isolated individual characters) are describeceittion (3.5.1). In this work, the same
methodology proposed in [8] for isolated offlinenkdavritten character recognition
was used to identify each of the individual chazaat the new input character image
(Section 3.6). Section 4 outlines some experimaeallts. The paper concludes with

conclusions and future work outlines.

3.2 PREPROCESSING

321 BINARIZATION

Any scanned digital image is represented as a atmife of pixels

having intensities within the range of 0% to 100Pfior to processing the image for

10



skeletonization, the image should undergo a biatida process. Otherwise the loss
of information and/or noises would result in lapgocessing phases due to various
intensity values of the pixels. In this work, birzation process proposed by the work
in [8] is used for the preprocessing of the conedctharacter image. In the
binarization process, if the intensity of a patf@cupixel is less than a particular
threshold value, it is set to black (0) and if thiensity value is greater than or equal
to the threshold, it is set to white (255). Aftendrization, every pixel in the image
was represented as either black or white. In tlaskythe threshold value was taken

as 200. The correctly binarized image is shownign B.

Fig. 4. Binarized image of a connected handwritten attara
322 SKELETONIZATION

The properly binarized image was taken in to actdan the skeletonization
process, which dealt with getting the single orgixel skeletons of the connected
character pattern within the input image. With twisrk, the foreground pixel based
implementation [8] of the “Improved parallel thing algorithm” is used to obtain
the connected character skeleton of the input im@lge result of the skeletonization

process obtained by applying [8] is depictedFig. 5.

Fig. 5. Skeletonized image of a connected harntbmrcharacters

323 |ISOLATION OF CONNECTED CHARACTER SKELETON

The skeletonized character image was then procdsseddividual

and connected character isolation. In this worgingple method is proposed to isolate

11



the connected characters skeletons intwretation area. For the individual

characters; the method proposed in [1] is usedhénproposed method, firstly, the
rows of the character skeletons are used to isokgsuming that the maximum
distance between two rows of connected charactetsins is 50 pixels. Then the
character skeletons in each row are proposed tatésassuming that the maximum
distance between two separate connected char&etietans in a single row is 200
pixels. This process isolates the connected clara&eletons into theirocrelation

area.

Definition 1. A correlation areais a rectangular area in the image, which contains

connected character skeletoRig. 6. depicts how a correlation area can be

represented.
X
(Xmm_ }I_I'T_lll:l? o
/QB %Correlatlon Area
----------- max1ymax)
Y

Fig. 6. Representation of therrelation areaof a connected two-digit string

3.3 JUNCTION BASED SEGMENTATION

The most challenging task associated with this waevlis the
segmentation of connected characters skeletonairstet of meaningful segments for
the calculation of fuzzy characteristics. The pigzbsegmentation algorithm should
produce a set of segments into, which a charak&eton is broken. Once a skeleton
is properly segmented, each of the resulted segnoamt be used to calculate a set of
fuzzy features (MHP, MVP, etc.) as described in [1]

In order to calculate these fuzzy features moreurately, each
resulted segment should be a meaningful segmertt i€h each resulted segment
should be a meaningful straight line or a meanihgfa as described ihable. 1. but

not an arbitrary segment.
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Table. 1. Types of meaningful straight lines andanmwegful arcs that a character
skeleton should be broken into

Meaningful Straight Lines Meaningful Arcs

Horizontal C like

Line C

Vertical Line | D like D

Positive U like L )
Slanted \

Negative A like ﬁ

Slanted / Sk
“ 10

When considering the connected character segmeamtatiis almost impossible to

segment connected character skeleton in to a saeahingful segments. This is due
to the possibility of having different connectiomstween two-digit character strings.
Therefore the segmentation stage of the proposedk wonsists of two phases
namely, the initial segmentation phase and the segmentation phase. In the initial
segmentation, the input character image undergeestidn Point identification and
Junction Based Segmentation.

Definition 2: A Junction Pointis a pixel point in the&Correlation area having three
or more neighboring pixels. It is assumed here that skeleton is in one pixel

thickness.

After the identification of the all junction poin{Eig. 7) in the correlation area, each

is used to segment the connected character sketetonnitial segments.

N

Juncton Points

Fig. 7. Junction pointf the correlation area

13



In this research it was found that, the initial reegt would not produce complete
segmentation due to the non-Junction point conmiedbetween segment skeletons.
As an example, the handwritten character skele®nih Fig. 8) would not be

segmented into a “negative slanted” and two “HartabLines” because of the non-

Junction point connection in between.

AL

Mon Juncton Point

Fig. 8. Initial Segmentation of the correlatiora

To compensate for this, a separate segmentationithig is used with the rule based

segmentation approach proposed in Fg( 9).

Fig. 9. Complete segmentation in to meaningfghsents

34 THEALGORITHM

Two types of major data structures are used inalgsrithm, namely,
the Point, which holds the X and Y coordinate values of a pixel pand the
Segmen which is aPoint array. The input for this connected character ssgation
algorithm is thecorrelation areaof a connected character skeleton. In order tdhget
expected segmentation results, the input connettadacter skeleton should be in
one pixel thickness and it should not contain apyrisus branches. This section
outlines the main routine of the algorithm. Apadnh that some definitions proposed
in [1] are applied here. These definitions will bsed through out this paper to

describe the algorithm in detail.

14



Definition 3: A starter pointis a pixel point on the character skeleton witholtthe
traversal through the skeleton could be starttdrter pointsare twofold; major

starter pointsandminor starter points

Definition 4: A major starter pointis a starter point,which is identified before
starting the traversal through the skeleton. Tleatidication ofmajor starter pointss

described in Section 3.4.1.

Definition 5: A minor starter pointis astarter point,which is identified during the
traversal through the skeleton. The identificatoddnminor starter pointss described
in Section 3.4.3.

The main routing of the connected characters setatien algorithm (hereafter

refereed to ascs algorithm can be described as follows;

Function ccs_algo (correlation_area) returns
total_Segments
Begin
major_starters = emptha queue of Point to store major starter points.
junction_points = empty a queue of Point to store junction points.

partial_Segment = emptyn array of Segment, to store the partial segmtentified
by starting traversal with a particular major startpoint.*/

init_Segments = emptyan array of Segment, to store all the identifgedtial segments

complete_Segments = emptyan array of Segment, to store complete character

segments */

total_Segments = emptyan array of Segment, to store completed , nantbdracter

segments */

major_starters = find all major starter points (etation_area)

junction_points = find all junction points (corrétan_area)

for each of the initial major start points in majstarters do
partial_Segments = init_Split(major_starter_poumbction_points)
add all the segments in the partial_Ssgmto init_Segments

end for.

noice_removal(init_Segments)

complete_Segments = complete_Split(init_Segments)

total_Segments = get_Segment_naming(complete_Ség)men

return total_Segments

End

15



341 |IDENTIFICATION OF STARTER/JUNCTION POINTS

The algorithm starts with finding all themajor starter pointsand
Junction Pointsn the givencorrelation area In order to find thenajor starter points,
two techniques can be used [8]. In both of theshriigues, the pixels in the given

skeleton areare processed row-wise.

Table. 2. Types of points identified by the altfum

Point Type | dentification M ethod

Major Starter Point | All the pixel points in thecorrelation area those
(Technique 1) having only one neighboring pixel

Major Starter Point In case of character ‘O’ and number zero, they cann
(Technique 2) be obtained by the Technique 1, since all the pamt
such a one pixel thickness, closed ‘O’ like curve
would have at least two neighboring pixels. In sac¢h
case, the first pixel, which is found on the chaeac
skeleton, is taken as itsajor starter point

Junction Point All the pixel points in theorrelation area those
having three or more neighboring pixels

342 TRAVERSAL THROUGH THE CORRELATION AREA

Definition 6: Thetraversal directionis the direction from the current pixel to the hex
pixel to be visited during the traversal. The d®ieation of current traversal

directionis described in Section 3.4.4.

Definition 7: An end pointis a pixel point in the correlation area, in whiblere is no

neighboring pixel to visit next

After finding all themajor starter pointsand thgunction pointsthe algorithm starts
traversing (hereafter referred to as initial spig) through the connected character
skeleton, starting from thmajor starter poinof the list of major starter points. In this
initial splitting, the segments are identified hettraversal path based on the junction
point list. Moreover, theninor starter pointsare also identified at each junction of the
skeleton and they are queued to a different queheh is hereafter referred to as
minor_starters (The identification ofminor starter pointsis discussed in section
3.4.3). Once the traversal reachgsirection point or anend point which is a pixel
point with no neighboring pixel to visit next, tliecus is shifted to the identified
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minor starter pointsn theminor_startersqueue. Then the algorithm starts traversing
the unvisited paths of the skeleton by startinghveachminor starter pointin the
minor_startersqueue. In these traversals, the algorithm alsmeats the path that is
being visited up tgunction pointor anend pointinto initial segments.

The process mentioned above is continued witthalluinvisitednajor
starter pointsin the major_starters queue, until all the unvisited paths in the
correlation areaare visited. The risk of visiting the same piXerice the same path)
more than once during each splitting traversallimieated by memorizing all the
visited pixel points and only visiting the unvigiteixels in the later traversals.
Therefore it is guaranteed that a path in the shelis visited only once and hence the

same segment is not identified twice. The init@iter routine is as follows.

Function init_split(major_starter_point) returngsents
Begin
current_segment = empftySegment to store points of the current segment
current_point = empty Point, refers to the current pixel point
current_direction = emptysString, to hold the current traversal direction
next_point = empty Point, refers to the next pixel point to be teidi
segments = emptysegments array, to hold the identified segments
minor_starters = emptyPoint queue, to store minor starter points
minor_starters.enque(major_starter_point)
while (there are more points in the minor_starigueue OR current_point is
nonempty) do
if(current_point =empty ) then
current_point = minor_starters.deque()
initialize the current_segment
if(current_point is unvisited) then
current_segment.add(current_point)
make the current_point as visited
end if
end if
if(unvisited eight adjacent neighbors of curreminp exist) then
neighbors =get all unvisited adjacent neighbéts® current_point
if(current_point ==junction_point)
minor_starters.enque(neighbarskighbors at the junction
segment.add(current_segmenéggmentation at the junction
current_point= empty
else
next_point = choose any neighdfdhe current_point
current_segment.add(next_f)oin
mark next_point as visited
current_direction = get therent traversal direction
current_point = next_point
end if
end if
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else// if there are no unvisited neighbors to visit
segment.add(current_segment)
current_point = empty
end if
end while
return segments
End

343 |IDENTIFICATION OF MINOR STARTER POINTS

Let us consider the traversal through the charatteleton ‘B’ inFig. 10.
The traversal starts with thmeajor starter pointa’ and continues to the junction;*J
At this junction, the current pixel point has twowvsited neighbors. Since there is a
neighboring pixel in to theurrent traversal directionthe algorithm chooses that
pixel (m) between the two neighboring pixels as the nextlgioint to visit. It is clear
that the other neighboring pixelyjns a starter point of another path in the ske&leto
Therefore the point ;nis identified as aninor starter pointand inserted into the
minor_startersqueue for later consideration. At every junctiarthe skeleton, there
may be one or momainor starter pointsdentified.

The initial splitter process mentioned above isticred with all the unvisited
major starter pointsin the major_starters queue, and the final output of the
segmentation is used as the input to the compj#ittirey process, which produces
complete segmentation of the connected charactedetsk. The complete splitter
process is used to analyze each initial segmesplibeach of the candidate segments
in to complete character segments.

manetion J, ourrent
l murrent traversal point

o divection — \L ...
- NEEEEE —
sunetion II/I B wwisited

the next point
to be visited

; T . .
neighbors of  the minor starter point of this
current point  unction

Fig. 10. Identification ofminor starterpoints

The complete splitter routine is as follows.

Function complete_split(init_segments) returnssagments
Begin
all_segments = emptySegment queue, to store all identified segments
current_segment = emphtyselected initial segment to be consider
tmp_segment = emptysegment to hold next 5 points
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current_point = empty Point, refers to the current pixel point
next_point = empty Point, refers to the next pixel point to be tégi
start_point = empty Point, first point of a selected initial segment
end_point = empty Point, last point of a selected initial segment
direction = empty/ String, to hold the traversal direction.

start_point =get first point of the selected inisagment
current_point = start_point
current_segment.add(current_point)

end_point=get end point of the selected initigisent

while (no termination occur) do
if(current_segment >1) then
next_point = get next segment point of the curpant(init_segment)
if(does neighbour in the same direction) then
current_segment.add(next_point)
current_point=next_point
if(current_point is the end point)
terminate condition occurs
all_segments.add(current_segment)
end if
elsel/ neighbour is not in the same direction
/ll.e. the traversal direction changes.
tmp_segment = get next 5 Isixe the path.
if(IsAbruptChange(current_segment, tmp_segy then
all_segment.add(current_segment)
current_segment = tmp_segment
if(current_point is the end point)
terminate condition occurs
all_segments.add(current_segment)
end if
else
/Il the traversal can continue with the samgnsent.
add all the poimghe tmp_segment to current_segment
if(current_point is the end point)
terminate condition occurs
all_segments.add(current_segment)

end if
end if

end if

else
next_point = get next segment point of the curpamnt(init_segment)
current_segment.add(next_point)
current_direction = get the current traversatciion
current_point=next_point

end if

end while

return all_segments

End

19



344 GETTING NEXT 5SPIXEL POINTSIN THE SEGMENT

The intention of getting next 5 pixel points into separate data
structure refereed to asmp_segmenis to find the newvritten directionas described

in definition 7. Getting next 5 pixel points in thath is carried out as follows.

tmp_segment .add(next_point)

curr_point=next_point

for each of the segment in the init_segment do

if(curr_point==point in init_segment)

count
end if
end for

while(tmp_segment <5 and init_segment is gre&i@n the count+1) do
next_point=get the next point in the init_segment
tem_segment.add(next_point)
current_direction = get the current traversal aion
curr_point=next_point
increment count

end while

The segmentation decision is based on the abraptgehin thevritten direction[8].

Definition 8: The written directionis the direction of a particular sequence of Exel

to which they were written.

According to the complete segmentation algorithenJaang as theurrent traversal
direction remains unchanged (if it can find an unvisitedghbbring pixel in the
current traversal directio)y the algorithm considers that the path, whictbésng
visited, belongs to the same segment. Ifdaheent traversal directiorchanges, then
the algorithm goes and checks for an abrupt changeitten direction In this work,
calculation ofwritten directionof a sequence of pixels is implemented as propwsed
[8]. Furthermore, the experimental rule base predom [7] is used to segment

handwritten uppercase English characters in to mgan segments.

345 DETERMINATION OF CURRENT TRAVERSAL DIRECTION

Let us consider all the eight adjacent neighbora cofirrent pixel (i, j).
Thecurrent traversal directiortan be defined as describedTiable. 3. according to

the neighboring pixel, which is chosen as the pexl| to be visited.
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Table. 3. Eight adjacent neighbors of the curpexel (i, j) and Determination of the

current traversal direction

(i-1,-1) (i,j-1) (i+1,j-1)
LU (LEFT_UP) U (UP) RU (RIGHT_UP)
(i-1,j) (i, )) (i+1,])
L (LEFT) R (RIGHT)
(i-1,j+1) G,j+1) (i+1,j+1)
LD (LEFT_DOWN) D (DOWN) RD (RIGHT_DOWN)

NOISE REMOVAL

In the process of noise removal, the segmentstegsdue to the noises
in the correlation areaare removed. The average size of the charactdetske
considered in this research is 50*50 pixels. Acocgly, the minimum size of the
segment was taken as 5 pixel points. Thereforeruhdenoise removal, the segments,

which contain less than 5 pixel points, are disedrfiilom the set of resulted segments.

3.5 MERGING OF SEGMENTSACROSSJUNCTIONS

After the segmentation process, each segment catom&dered as
totally spitted segments of the connected charagteleton. With respect to the work
proposed in [1], [7] and [8], for the recogniticach of the isolated character should

undergo proper segmentation, in order to obtainnmeful segments as the output.

Unnecessary Segmentation at
the Junction points

Fig. 11. Unnecessary segmentation at a junctoom p

When the consideration is only focused on isolatearacters, it is rather easy to do
the segmentation in to meaningful skeletons asribestin the work of [8]. In this

research, not only the individual character segmdnit also the stroked connection
between each individual character has to be coresider the segmentation in order

to get the segments out from the connected charagpait. This may lead to
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unnecessary segmentation across certain conneasiotlescribed in th€ig. 11.

Therefore, Merging of each segment across juncti®nproposed, to avoid
unnecessary segmentation and to reconstruct méahsggments. In this research,
each of the segments in the complete segment hst mamed with respect to its

participating junction point number(s).

Definition 9: Thejunction point numbeis a unique integer assigned to the identified
junction points of thecorrelation area As an example, correlation area with 6
junction points, each point can be named by thegets starting from 1 to 6 in the

same order in which each point was identified.

As shown in thd=ig. 12.in this method each of the segment object canobgposed

in to a first junction number, second junction nembnd a pixel point segment. The
Junction number (first or second) depends on thextibn of segmentation. In this
work, the first coordinate point of a segment iasidered as the first junction number
and last coordinates point as the second junctisnber. Any segment with a corner
point, which is not a junction point is assignedozas the junction number at that

corner.

Segment 0 - 4

segment 4 - 5

Fig. 12. Junction based naming process
So, a segment with a first junction and the segandtion can be named as follows
“Segment first Junction no - second junction no”

Ex: Segment3 -0

In the process of Merging, each segment in thel m¢gment is categorized in
accordance with the related junction number. As»ample, junction point number 3
is used to create a category, which consists o$egiments, which have a junction
point number 3 at first or second junction numberis method is used to create
groups of segments with respect to all the juncphomt numbers in the correlation

area except the points, which have number zero.
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351 CHARACTER SKETCH ISOLATION & NEW INPUT IMAGE

In this work, each of the group is separatelyamexed to select
possible merging at each junction point numbea particular junction point number,
each segment is analyzed with all the other ppdtoig segments within the group.
At the analyzing time, each pairs of segments withe group, are used to merge in
order to get merged segments. Each identified segmas then said to possess a
certain number of characteristickaple. 4), for each a fuzzy value was calculated,

using the methods described in [1].

Table. 4. Set of fuzzy features, which were daked for each segment

Relative Positions Straightness & Arc-ness
MHP(u Horizontal position) | MSTR(u Straightness)
MVP(u Vertical position) MARC(u Arc-ness)
Line Types Curve Types

MVL(u Vertical line) MCL(pn C-like)

MHL(p1 Horizontal line) MDL(u D-like)

MPS(p Positive slant (/) MAL(u A like)

MNS(u Negative slant (\)) MUL(p U-like)
Relative Lengths MOL(u O-like)
MLENH(p Length Horizontal)

MLENV(u Length Vertical)

MLENS(u Length Slant)

According to the calculated fuzzy values of a gattr segment, an experimental rule
base is used to extract meaningful segment witlparicular group. Each identified
merged segments is mapped and replaced with a sggihehe segment is a
participant in the merging is recorded in otherugp® as well (if one or both of the
participating segments in the merged segment).

All successfully merged meaningful segments arerdsd in a group callechajor
segment groupand all the others not merged are traced in se@arate structure
called minor segment groupn this method, it was found that the minor segme
group could isolate an unnecessary stroked commebgtween individual characters.
In this work, each of the segments in the majomsayg group is used to formulate
new input character image by selecting segments th®@ minor segment group. This
method is used to create input character image setieral correlation areas. For the

recognition, the work proposed in [1], is usedderitify each individual character by
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sending each correlation area to the isolated cteradentification process. In this
work, the correlation area, which only producescsssful two characters out put, is
considered as the separated characters outputeobriljinal connected character
input.

3.6 INDIVIDULA CHARACTER RECOGNITION
This section discusses the individual charactesgeition used in this

research [1]. The system operates in two modesglyaithe training mode and the

recognition mode. The block diagram of the systewhepicted irFig. 13.

|In|:|ut Character Image|

}

|Isu:u|ati|:|n of Individual Charau:ters|

!

|In|:|ivi|:|ua| Character Segmentatiunl

!

|Ca|cu|ati|:un of Fuzzy Features for Each Segment|

! !

|Training F'rl:n:ess| |REEDgnitiDl‘| Pru:u:ess|

Fig. 13. Block diagram of the individual charaatecognition system

Once the separate segments of a given charactéetmkehave been properly
identified (as shown irFig. 14), the individual characteristics of each resulted

Fig. 14. Isolated individual characters for teeagnition input

segment can be calculated
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36.1 CALCULATION OF FUZZY FEATURES

Each identified segment was then said to possesstain number of
characteristics for each a fuzzy value was caledlatising the methods described in
[1] and [7]. Each of this fuzzy value was calcutatevith respect to the

universe_of_discourdef the particular character skeletdtid. 15).

(Ra Vo) (ol Vi)

T

Fig. 15. Character skeleton ‘A and iieiverse_ of _discourse

The following fuzzy features were calculated udimg same method used in [1] and

[7] for isolated offline character recognition.

36.2 RELATIVEPOSTION

The relative position of a given segment with respe theuniverse_of _discoursgan

be determined as follows.

Gt ™ ™) R TR ey

assmoxp fo astauy)

AR A BN AeR A

Fig. 16. Relative Position with respect to thévarse of discourse

Then the coordinates of the center points are bt as follows:

The smallest rectangular area that a characteetskefits into.
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Xseg{n) +Xseg1n)

Xseg{n) —min max
CENTER 2
seg(n) + seg(n)
segn) _ Ymin max
YCENTER 5

The relative position of the given segment is thepressed as follows:

Xsegn) _nggm)
Iua?:gn)_ CEI\QI(TI?R mglxn)
e segn
Xr?ﬁaxn “Xmin
seqn) _,,seqn)
segn) _ YCENTER Ymin
Hyp ysegn) seq(n)

max — Ymin

Where the terms HP and VP stand for ‘Horizontalititos and ‘Vertical Position’

respectively.

363 GEOMETRICAL FEATURE DETECTION

A given segment is said to be either an ‘arc’ dsteaight-line’. The fuzzy values
associated with these features are ‘arc-ness’ stnaightness’. These two values are
complementary.

seg(n) seg(n) _
Hparc-Nesst HsTraigHTNBS™ 1

The arc-ness and the straightness can be calcuigtéoe use of the following two

expressions:

d sedn)
seg(n) - Po Py
HsTRAIGHTNBS ™| N
d segn)
= Px Pi+1
d segn)
seg(n) = 1- Po Pn
HpARC-NESS| ¥ N
seg(n)
—Od Pi Py+1

Where, d;fgk“l) stands for the straight-line distance between goamd point (k+1) on

the i" segment. N depicts the number of elements irsé¢igenent. A threshold value
(e.g. 0.6) could be used to determine whether ittengsegment is a straight line or an

arc.
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364 CALCULATION OF LINE TYPESAND RELATIVE LENGTHS

If the given segment is determined to be a strdligiet then the line type can be

calculated using the following equations.

mvi= 4524 =MAX (A (855" 9090),A (654" 90270))
MHL= 12590 =MAX (A (€4 900),A(6°°4" 90180 A(**"" 90360))
MNs= 1523 =MAX (A (%24 90135,A (6% 90315)
MPs=533MW =MAX (A (%24 9045),A(6°°%" 90225))
Where 8%*4" s the angle that the straight line between trst &ind the last elements
of the segment form with the positive x-axis of -y plane.

Here, the functior\ represents the following function:

v

0;0Otherwise

De

b b
A(xb,c)= 1- ,(c—z)sx(c+§)

Another feature that can be calculated determimedafstraight line is the relative
length of the line with respect to the Universe di$course. The fuzzy values
associated with this characteristic are determusag three variables:

1. The horizontal length (MHLEN)

2. The vertical; length(MVLEN)

3. the slant length(MSLEN)

The following formula’s can be used for the caltiola of these values:

seg(n)

_ Po Py
MHLEN = M3 = DT

seg(n)
_ an) — Bo Py
MVLEN = e = G
d segn)

MSLEN =ﬂ§e|_gL(£?\l_ SLANTPOETENGTH

Where the values WIDTH, HEIGHT and SLANT_LENGHT akepicted inFig. 17,

given below:
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HEIGHT

WIiDTH

Fig. 17. Width, height and slant length of thevense of discourse

365 CALCULATION OF CURVE TYPES

If the given segment is determined to be an aem the following formula’s can be

used to calculate the fuzzy membership valuesdrébpective sets.

3.6.5.1 C-like Curve

To distinguish a C-like curve from a D-like curwee use the quantitative statement
of the left or right convexity direction. In a cerwhich is vertical (i.e. either C-like
or D-like), the global minimum of horizontal projfems Xy, is relatively much lower
than the weighted average of x projectionsg, W, of its end points, & xg, then it is
more likely to be a C-like curve.

MCL: Zn:lx, | _ J’.Xi<M

He =min lii:; P 2

In the above equatio; is the binary function, which possesses the tratlies over
the whole segment regarding the point position.segment point is on the left hand
side of the median of the end point x projecti@rmg] the binary function is equal to 1,
else 0. This summation function is then normalizethe universe of discourse [0,1]

3.6.5.2 D-like Curve

In a curve, which is vertical, iktlglobal maximum of horizontal projections
Xmax IS relatively much higher than a weighted averafe projections of its end
points %, Xg, then it is very likely to be a D-like curve. Tretatement is represented
by the summation of a binary functiog which posses truth values over the whole

segment regarding the point position. i.e. if ansexqgt point is on the right hand side
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of the median of the end point x-projections, theaby function is equal to 1, else it is

0. This summation function is then normalized @ timiverse of discourse [0,1].

n o (Xs+Xe)
MDL = ' iZ:O:rK it = L% >= 32 E
Hou=min L= =10 O:else

3.6.5.3 A-like Curve

In a curve which is horizontal (i.e. a A-like curgea U-like curve), if
the global maximum of horizontal projectionga.yis relatively much higher than a
weighted average @wvg) of y projections of its end pointsqyye), then it is very
likely to be a A-like curve. This statement is reggnted by the summation of a binary
function ay, which posses’ truth values over the whole segmegarding the point
position. i.e. if a segment point is above the raedif the end point y projections, the
binary function is equal to 1, otherwise it is Chi§ summation function is then
normalized to the universe of discourse [0,1].

n o (YstYE)
MAL= | 23 a, =Y
Ha=miny 1= Oelse

3.6.5.4 U-like Curve

In a curve which is horizontal, if the global maxim of horizontal
projections i, is relatively much lower than a weighted average, (Wg) of y
projections of its end points {yyg), then it is very likely to be a U-like curve. Bhi
statement is represented by the summation of abimaction by , which possess
truth values over the whole segment regarding thatgosition. i.e. if a segment
point is below the median of the end point y progets, the binary function is equal
to 1, otherwise it is 0. This summation functiorthen normalized to the universe of

discourse [0,1].
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MUL = b, |. l'yi<—(y3+yE)

=min| 120 —
Ho n Oelse

3.6.5.5 O-like Curve

The following method was used to determine a furepsure for the Olike-
ness of the given segment. Let £%; Ycente) denotes the center of the curve. This is the
same as the value calculated in determining tlaivel position of the curve. The expected

radius of the curve is denoted by

.seg(n sagin Jsegin  SEg(m
sggin) {1111:3:{{ ] mf:. }:}+(1 ma%{{ } Il :I}
Fad nF EXPECTED — 1

The actual radius of the curve can be determinedumyming up the straight line distances
from the center of the segment to each elemennpig to the segment and dividing it by

the number of elements in the segment

Zd? (xiEl i)

seg(n) k=0 R
rad ycrrg = N

The expected diameter for a curve with the radiuben calculated using the expression
. ez () ez
diametergpzeryp =21rad gippcrep

The actual diameter of the given segment can lmelleabd by summing the straight-line

distance between consecutive elements in the segmen

N-1
seg(m) _
diameter &y = dﬁ;}m
k=0
Where N stands for the number of elements in theeat.

Following equations are then carried out to deteenai fuzzy value for the O-like ness of the

given segment.

FOf ()=t
SEF ?I] 1 (T:I Hl

=

o™=
7
Where,
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SEE Fll

diameter,

flay= e i
diameter; forrrepy
g(x)g(x)<
seE(m) 1
Horz =) ——g(x)>1
g(x)
Where,
oo J 58N
(x)= rad fr
g - d:egl[u}
Va4 pyprcTED
And,

g =min(uZEO HGED)

3.7 THE DATABASE DESIGN

The entire system is centralized around a mainbdaw® which
contains the information about each character, harttee number of segments and
the individual characteristics of those segmentsthis work, the same database
design Fig. 18.) described in [8] for isolated off-line handweitt character
recognition was used. The corresponding databas&sts of two main tables, called
Character and Segment The relationship between the two tables is a 1. m
relationship, so that a character can contain nsagynents, but a segment can belong

to one and only one character.

s
?/
Character |- [ Segment |

MHP
0OfSegments CharCode MARC

Fig. 18. The database design
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3.7.1 THE TRAINING PROCESS

This is the process of building up the databaséerAhe database is
built up this can be used as an automatic rule bagbe recognition process, as
described in the next section. After calculating thzzy characteristic values for all
the segments in single isolated character (afiears¢ing them to isolated characters
by removing the unwanted stroked connection), tHeatures were then recorded to

the database in the following manner [8].

1) Calculated numerical fuzzy characteristic values sefjments were then
mapped to corresponding fuzzy linguistic valuesusyng the membership

function illustrated irFig. 19.

OO

0.167 0.333 0.::5 0.667 0.833 1.0

'FL
1]
Fig. 19. Membership functions to describe the charactessifeeach segments

Here, the linguistic terms VS, S, SM, M, LM, L aNd correspond to Very
small’, “small’, “small mediurty “mediumi, “large mediuty “large’ and
“very largé, respectively. As each fuzzy value would giveam+zero value in
maximum two membership functions, the membershipction with the

largest membership value was selected as the ponmdmg linguistic value.

2) The system queried the user to enter the alphamtictearacter corresponding

to the character pattern.

3) A new entry was created in the tallbaractersand the corresponding values
for the given character was inserted. Then an doiryeach segment in the
character was created in the taBEgmentand the corresponding values were

recorded.
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3.7.2 THE RECOGNITION PROCESS

In the recognition process the prepared databaserutme testing
process was used as an automatic rule base assptbpo [8] for off-line isolated
character recognition. In this process the charadgtethe document are recognized
one by one. After the initial pre-processing phasesnely Binarization and
Skeletonization, each character skeleton was &wlas described in earlier sections.
Then these each character skeleton was subjectségimentation, calculation of
fuzzy features and then recognition process inddgfy. The recognition process

for a given character skeleton was carried oubbews.

1) After the calculation of fuzzy features of all tlsegments in the given
character, these features were then stored inial@rhereafter refereed to as
ch. This variable was a reference to an object comtgiinformation about
features of all the segments of the character.Bxample, the straightness of
the second segment of the character could be @okdg using the variable

ch.segment[2].starightness.

2) Then a query was generated and all the valueseothiaracters stored in the
database whose number of segments was equal tpvire character’'s, were
retrieved and stored in a variable, hereafter eeigrto asdbChars. For
example, the straightness of the second segmettteotecondly retrieved
character from the database by the previous qumrigdde obtained using the

variabledbChars.char[2].segment[2].straightness.

3) Then the min-max inference was used to get thegrezed character as

follows.

Then the following fuzzy relation was computed.

Ch
D]'J]_ 0
D}Jg X2
Equal = . .
Chy| %z
=]
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Where,
Ch = given character.
Db; = i character in the database.

Xi = Min(min-max(ch.segment[1],Dbsegment[1]),...,
min-max(ch.segmentj],Db;.segment])). Eq(1).

m = number of segments in the given character.

n = number of characters in the database havingmbear of segments
Then the maximum ofjxvas calculated and if that value was greater ¢hparticular

threshold value, the character in the databaseesmonding to thatixvalue was
recognized as the given character.
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CHAPTER

4 Results & Discussions
4.1 Results & Discussions
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CHAPTER 4

4.1 RESULTSAND DISCUSSION

The algorithm was tested with the connected charaskeletons
obtained by the skeletonization process, of haritharupper case English characters.
Fig. 9. Shows the complete segmentations of the connetiadhcter skeleton after
applying the initial splitter and the complete #ph. Total meaningful segments from

the merging process are depicted inFig 20.

f

Fig. 20. Total meaningful segments from the meggirocess

B Character : Table

Char_Code Character | NoOfSegments
7131042920604 84 A
8.402473105672358
7.7868306590712521C
2.3262580892605005D
4.1405433560325829E
13.844366043909138F
11.419516951109493G
11.558574593151096H2
4613613916394 3471
13.1825346715806446.
5.659389969651034K
8.170760801283148L
11.50676044061547M
4.401243887277318N1
10.451119730950870
4.971110107379897P
12.2026350754075530Q
13.09908137108524R
9.6980061991528845
7.29420203937546T
2.953505385707068U
6.671354440193464V
2.9569119217458946WW
4.479216074072658W
9.002908117120121X
11.663254265744783Y
5.91281554753570852

E N o S S S S S B S S e S S S Sl S S Sl o S e S S S RS A S S

L T o O = L ol s T e R e o B o S R T R S R L St}

Mg gs<=ElcHuwmeoUvozEsC AT IoMmMmoooE

Fig. 21. Character set with which the system teated
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At the character isolation stage, all merged segsn@najor segments) are combined
with each of minor segments to generate set oemifft connection sketchebig.
22). These sketches are used to formulate new ifparacter image to an individual

character recognition system [1], in order to retog characters of the connection

A C N~

Fig. 22. Set of auto generated differ€uinnection sketches

N C

Fig. 23. Total meaningful segmentation of induaticharacters

string.

Fig. 24. andFig. 25 depict the partial database entry for charactéatfd ‘C’ in Fig.

23, which was used with the training character s&tig 21

Seg_No| MHP|MVP|MSTR| MARC | MVL| MHL | MPS | MNS | MHLEN | MVLEN| MSLEN| MCL | MDL | MAL | MUL | MOL |
s M vL V8§ LM VS V§ SM VS VL V8§ V8 VvS |V§ V8§ VS
2LM M VL VS M V§ M VS VS VS VS V8 VS8 |V§ V8§ VS
3IM LM VL VS VS L VS S M VS VS VS VS |V§ |V§ |VS

Fig. 24. Partial Segment table entries for chtard®\’ in Fig. 33.

Seg_No|MHP[MVP|MSTR] MARC|MVL] MHL | MPS [ MNS | MHLEN [MVLEN] MSLEN] MCL | MDL [ MAL | MUL [ MOL |
im M MM VS VS8 WS VS VS EENE L S M SM LM

Fig. 25. Partial Segment table entries for chtard€’ in Fig. 33

A063 C-0.& NF-0_46

Fig. 26. Final output from the recognition system

37



Table. 5. The equality fuzzy values generated bysifstem after comparing the
features of the segments of the given charactgr (E0) with the features of segments
of the characters in the database having the wiEntumber of segments (in this case
3 segments) as the given character.

Database Segment

Character Equalities

(having 3| Segment 1 Segment 2 Segment 3 Min
segments)

A 0.6520 0.7199 0.8257 0.6520
G 0.1579 0.4518 0.3234 0.1579
K 0.7917 0.4481 0.3635 0.3635
N 0.4286 0.7406 0.2423 0.2423
P 0.1000 0.3332 0.3226 0.1000
T 0.3333 0.5311 0.9000 0.3333
X 0.5602 0.7408 0.3336 0.3336
z 0.3078 0.6428 0.7690 0.3078

According toTable. 5, it is clear that the equality between the giviearacter pattern
and the database character ‘A’ is 0.6520, whicthés highest equality and greater
than 0.5. Therefore, the system supposed to reoeghe character pattern kg.
20. as character ‘A’

Table 6. The equality fuzzy values generated by the sysidter comparing the

features of the segments of the given characteFg. 20) with the features of
segments of the characters in the database hawngléntical number of segments
(in this case 1 segment) as the given character.

Database

Character Segment 1 Min
(having 1

segments)

C 0.8062 0.8062
O 0.5405 0.5405
U 0.6571 0.6571

Likewise, the system was tested with the charguaterns, which are presented in
the Fig. 26. and the identified character with final equality fuzzy values are also

mentioned in the same figure.
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CHAPTER

5 Conclusions & Recommendations
5.1 Conclusions & Recommendations
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CHAPTER 5

5.1 CONCLUSIONSAND RECOMMENDATIONS

In the work presented above, it was found thatptitogposed algorithm
for the connected character separation was anneglyeeliable and relatively simple
method for generating the fuzzy description of @ted character patterns, once the
characters were properly segmented. The segmentalgorithm developed for this
work was capable of separating the connectioneeruppercase English handwritten
characters into meaningful segments accurately.rnBxe step in the development of
this system will be a connected character separatitgorithm in lowercase
handwritten English letters and numeric.

The recognition rate was found to be 100%, wherstiree characters
that were used for the training, fed to the systemidentification with a connection
in between. Therefore, it can be concluded thaptbposed method is 100% accurate
for machine printed characters, which have unwaoteshection. It was observed that
it was very flexible and simple to implement, comguhto other available methods for
offline handwritten connected character recognition

Although the method used in this work does not deigth the two
stroked connections from two adjacent digits tonghend to end, the system can still
be used for the separation of any handwritten octede characters with single
connections. As a future development it can alseuggested a development of an
identification method, which is capable of sepatithe above mentioned
connections. The whole method suggested in thiempapn be applicable to any
handwritten or machine written offline charactezagnition system for any character
set in any language. The main requirements would ldfferent connected character
separation algorithm for different character setsl @ proper rule base for the

meaningful segmentation.
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