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Size of the character set with which it hasto deal isthe main area of concern during development of
any OCR. The presence of larger number of character (theoretically 46656) in the middle zone of the
Devanagari Text makes the development of OCR for Devanagari complex. Hence every effort is
required to break this larger character set into small manageable chunks so that recognizer has only
to deal with a small subset of symbols. The identification of various types of structural properties
which are invariant to fonts and sizes reduces the bigger character set of Devanagari Text into small
manageable chunks. This set can be reduced further in each class if more structura properties are
identified. This results in development of a recognizer with increased accuracy and better response
time. One such structural property is the number of cavities present in the left surface of the
character. This structura property further reduces the character set identified by the various other

Optical Character Recognition,
Conjunct Character, Water Bodies,
Left Surface Cavity

structural propertiesviz. bar type, number of shirorekha touching and water bodies.
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INTRODUCTION

Akshara is the single phonetic unit in the Devanagari script
which has three strips or zone viz. upper zone, middle zone and
lower zone. The middle zone constitutes the core character
while upper and lower zone is for modifier i.e. matra. The
initial separation of symbols is done based on the symbols
present in various zones and the complexity is reduced by
separation of core characters in the middle zone and modifiers.

There are various single and conjunct characters present in the
middle zone. The connected component is treated as one
symbol for the identification of possible list of charactersin the
middle zone. Though theoretically there can be 46656 conjunct
characters, study on 469580 words from a variety of sources
shows that there are only 345 frequently used symbols in the
middle zone (Gupta et al, 2014). This reduces the middle zone
character set to 345 symbols.

Classification of characters can be done by feature extraction. The
various feature extraction methods used by the past researcher
includes shape based features, datistical festures (Bansa and

*Corresponding author: Manoj Kumar Gupta

Sinha, 2000), gradient and curvature based festure extraction
methods (Kompalli et al, 2005) and features extracted from the
concept of water reservoir (Pal and Roy, 2004)..

For consistent and higher accuracy, a classification scheme
needs to take care into account that further reduction in
character set needs to be done based on the identification of
various structural properties which are invariant to font and
sizes as the Devanagari character shape changes drastically
with fonts.

There are various structural properties or distinguishable
features which remain same with various fonts and sizes. These
include presence or absence of vertical bar, number of places
touching to shirorekha. This scheme reduces 345 frequently
used characters into 16 small manageable classes (Gupta et al,
2014).

Further reduction of character set is done on the basis of water
bodies (Gupta, Vasantha and Patvardhan, 2016) which are
found after darkening the white pixels which are NOT visible
from bottom as well as darkening the white pixels which are
visible from left and right. This classification is done based on
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number of water bodies found in different symbols and is a
good basis for classification which is invariant to font and size.
Whereas the vertical bar and touching count property reduces
the character set, the number of water bodies separate out the
single and conjunct character. This helps in enhancing the
overall recognition accuracy as the single character covers 97%
text and the possible number of single characters is much less
in comparison of number of conjunct character (Gupta et al,
2014).

Since each word contains large numbers of components or
symbols hence while component level recognizers perform
well but in practical situation, the word level and document
level accuracies are not acceptable (Rasagna et al, 2009).
Enhancement in recognition accuracies can also be achieved by
identifying the possible character set for single letter words.

The study of various words from various sources shows that
there are only 17 characters in the middle zone which are
occurring in single letter words with 50% coverage of single
letter words by four characters =F = 2T 3 (Guptaet al,
2016).

Motivation for the present work: Size of the character set with
whom it has to dea is the main area of concern and hence
every effort is required to break this larger character set into
small manageable chunks so that recognizer looks only the
small number of symbols. There will be small number of
characters in each class if more and more structural properties
are identified. Whether any more structural property can be
identified which can further reduce the size of character set so that
recognizer with higher accuracy and better response time can be
developed? This is the pertinent question behind the motivation
for undertaking this research work.

MATERIALS AND METHODS

As for identifying the shape of any object by closed eyes, one
will identify the shape of an object by touching it. In doing so
he tries to identify the hole or cavity present in the object along
with convexity/concavity of it. After sensing this information,
he identifies the shape of the object.

Similarly the Devanagari character can be classified on the
basis of number of cavity present in the left surface of the
character. A Devanagari character contains various curves,
holes and small connecting horizontal and vertical lines apart
from Bar and Shirorekha. Also the text in Devanagari is read
from left to right hence the number of left surface cavity can be
a good basis for classifying the characters. The Image of
characters with an arrow showing the left surface cavity is
shown below in Figure 1.

a- —
H
Figure 1 Image of characters with an arrow showing the Left Surface Cavity

Various steps required to be performed starting from reading a
page of text to classify a character are given below in Figure 2.

| Read a page of text and convert into binaries |
v

| Extract Lines |

v
| (For each line) Extract Words |
| (For each word) Extract middle zone connected components |

'

(For each connected component in middle zone)

v

| Further classify each on the basis of water bodies present |

v

| Further classify each on the basis of left surface cavity |

Figure2 Steps performed to classify a character on the basis of structural
properties
To correctly identify the cavities, it is necessary to perform the
equalization of the shapes from all side except the cavity i.e. till
the beginning of the cavity. Various steps performed for each
connected component in middle zone to identify the number of
left surface cavity are given below in Figure 3.

Darken the white region NOT viewable from the left

!

Darken the white regions viewable from the bottom

v

Identify the first grouped white region i.e. cavity

(If no white pixel isfound then it isa zero cavity character)

(After identification of first cavity, darken this grouped white region
to equalize the character for identification of next cavity)

!

Identify the second grouped white region i.e. cavity

Figure3 Stepsperformed to identify the number of left surface cavity
present in a character

Step | (Darken the white regions NOT viewable from the Left
i.e. right side equalization of the character)

Travers the binarized matrix for each row of the symbol from
top to bottom and column from left to right till dark pixel is
found. When dark pixel is found then make all the pixels right
to this pixel as dark. Image of binarized file of Symbol 3T
after darkening the white region NOT viewable from left is
shown in Figure 5 and steps are shown below in Figure 4.

Travers matrix from top to bottom and left to right till dark pixel is found.

.

When dark pixel is found then make all the pixel right to this dark pixel as dark.

Figure4 Stepsto darken the white regions NOT viewable from the left

Figure5 Image of binarized file of Symbol 3 after darkening the white
region NOT viewable from the left
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Table 1 Classification of total 345 characters based on bar type, touching count, water bodies and left surface cavity

Property i
SNO  (Bar1ype) Ne.of  Property  Ne.of ]’;logm; No. of Character
(Touching  char (Water Bodies) char (%0 SUrlCe gy
Count) avity)
Zaro cavity 1 T
Less than twa 2 =
woler bocies . 1 Ce cavify & TaaT=a]
Tan cavity 3 TxssAFa=add
L G o =7 wol ol eAcA e ¢ol oo s
= Rome Cne caviry 24 A e W W ritdeec o ol Tof
water bodies 3 ==
Two cavity 10 o gedFarrd g od 3
Zero cavity 3 o9 g
Less than two s
water hodies 13 O cavity 7 HExEH I
Two cavity 3 =T
Zzro cavity 4 T T oot T
y EEEE g AN R AR w T & T
TSR oormre o omeni g TO1 TATT WEATH WA A
water bodies el i} - eH cHeg O =g o0 o =
HAFH = H oIHeT
Two cavity L s dsxdgel IFH
Less fhan lwu ¢ Cne cavity 4 o 97 =1 3{
water bodies Two cavity 2 o7 %]'
3 Zaro cavity 6 CHo U Ty o] ooy
Then Tonching, 5 cFH 4T = EF TH I I T
. % Two or more L . T I T cYTd Uy w97 LU H
waervodis 8 ORI N monoem W RSO Fdsa
AT AT o B €T T Fay
Two cavity 2 =21 &9
4 End Ear i . TH FH U ¥y evu FLI&H e 32T &
Féi Touchin L3 Cme cavity 13 Q-
T g 2H{HCH
& End Ear frr e
. Five Tuuching L Cne cavity 1 7
6 Mid Bar 1 ol Fheh TR o & F
Ore Toucking Two cavity 4 % H'_) Eﬁ a;
7 Mid B 17 Zavavily 3 TR OF
Lwo Teuching 5 : » R’ {—_m TF W 'F‘.F T FEF
e cavity 3
B =F =
Two cavity 1 9=
8 Mid Bar 2 Zero cavity 2 OC TR
Three Touching Oue avily 5 F2 7 Th TFr= T Fr
2 Do Bar Oneeay: i CFEPEITOC == (- o
No Touching iy E"J_-; > ?
Zero cavity 2 T
- = = T J—
Lesfimiwe o Osedy  an C OGN B GETC PEON TR - LT
10 o Bar wrter hodies Z : Ea-azg
Cme Touching 33 .
Two cavity 11 3—3353;&'?&_ = E‘r?
Twa or mers 5 One zavity 1 e K 06 rr oF €0 od Tl og
wizler bodies 5 Tww avily { = m EE‘EE‘ R
1 rsathan twe 7 Lezo cavity 5 o o = Ew _
e A ey 1 TRRETIR e T QLLE
v::—trnt:\;nd:; & One cavity 5 o E m FE" FQ
1ty DuBarlhes " Zeww cavity 2 Q TO
it Touching One cavily 2 =2 1:27
- Two Bar Two et .
& Temching i Ry 5 ] o T e oFh a ﬂ g
14 TwoBarToree 11 Zeww cavily = q'ﬂ- W W s |
e N ety 7 FHF FAF FH o oFT
ye Twi Bar Fuur P Zuww cavily * ‘q‘m- w w q:EF
T Toudhing Onecwvity 2 FYI 7T
Two Bar Five Fern cavity 1 qu
16 ks ETAE 2
mching One zavity 1 m

Step 11 (Darken the white regions viewable from the bottom

i.e. left side equalization of the character)

Now Travers the binarized matrix for each row of the symbol
in the reverse order i.e. from bottom to top and column from

left to right till dark pixel is found. When dark pixel is found
then make all the pixel below to this dark pixel as dark. Image
of binarized file of Symbol 3T after darkening the white region
viewable from bottom is shown in Figure 7 and steps are

shown in Figure 6.
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Step |1 (Darken the white regions viewable from the bottom
i.e. left side equalization of the character)

Now Travers the binarized matrix for each row of the symbol
in the reverse order i.e. from bottom to top and column from
left to right till dark pixel is found. When dark pixel is found
then make all the pixel below to this dark pixel as dark. Image
of binarized file of Symbol 3T after darkening the white region
viewable from bottom is shown in Figure 7 and steps are
shown in Figure 6.

| Travers matrix from bottom to top till dark pixel is found |

'

| When dark pixel is found, make all the pixel below to this dark pixel as dark |

Figure6 Stepsto darken the white regions viewable from the bottom

Figure7 Image of binarized file of Symbol 3 after darkening the white
region viewable from bottom

Step 111 (Identify the first grouped white region i.e. cavity)

Now Travers the binarized matrix for each row of the symbol
in the reverse order i.e. from bottom to top and column from
left to right till white pixel is found. When white pixel is found
then make all the white pixel above to this white pixel as dark.
Image of binarized file of Symbol 3T after identifying the first
grouped white region i.e. cavity is shown in Figure 9 and steps
are shown in Figure 8. If no grouped white pixel is found then
it is a zero cavity character. After identification of first cavity,
darken this grouped white region to equalize the character for
identification of next cavity.

| Travers matrix from bottom to top till white pixel is found |

'

| When white pixel is found, make all the pixel above to this white pixel as dark |

Figure8 Stepstoidentify thefirst cavity

Figure9 Image of binarized file of Symbol 3T after identifyi ng thefirst
cavity

Step IV (Identify the second grouped white region i.e. cavity)

Repeat the steps mentioned in steps Il once again for
identifying the second grouped white region i.e. cavity. Image
of binarized file of Symbol 3T after identifying the second
grouped whiteregion i.e. cavity is shown in Figure 10

Figure10 Image of binarized file of Symbol 3 after identifyi ng second
cavity

Image of the characters after completion of every step during
identification of cavity is shown below in Figure 11.

Darken the Identify the .
whiteregion w[r)ﬁtr:fmixs first grouped I;i;r:)t[:gy
NOT viewable . €9 whiteregion .
viewablefrom . : grouped white
N from left i.e. cavity L Number
Binarized Riaht sid the bottom Cavit region i.e. of
Image ( lght sige (Left side ( -avity cavity .
equalization alization of I dentification - cavity
of the equalization and ((;e_wny
the character ) - I dentification)
character ) (Step 1) equalization) (Step 1V)
Step | e (Step 111) ep
NOV_Vh”e No white region Zqo
region cavity

No more white  One
region cavity

Two
cavity

Figure1l Image of the characters after completion of every step during
identification of cavity

RESULTS
Classification of 345 frequently used Devanagari characters

The number of cavity present in the left surface of the character
further reduces the classes identified by the various other
structural properties viz. bar type, number of shirorekha
touching and water bodies. The detailed classification of total
345 characters based on bar type, touching count, water bodies
and left surface cavity is shown below in Table 1.

Pattern of Left Surface Cavity in Single Character

The pattern of left surface cavity in single character is
summarize and given below in Table 2.

Table 2 Pattern of left surface cavity in single character

Property i
SNO (Left Surface hcl:%a(;f Single Character
Cavity)
1 Zero Cavity 6 oqg s ) T UT
PIET THDSISEd
2 One Cavity 23 oT =M o7 I 9T H
I T 2 HeT
s> S HsTF

3 Two Cavity 14

Validation of proposed classification scheme over 25 fonts

To validate the proposed classification scheme, a system is

developed in JAVA. The test data of all 345 symbolsis created
for the 25 fonts shown in Table 3.
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Table 3 List of font name for the test data

= T P

o Er 9T B =

T T =

=g =3

T RTW HJH&Ea&TH

- = =

ST OT o 27T ST &

=1 M &F= &= oF™ oFd &R

. Font =L | oy FH F340 OF8F 9F49s © = F—
Sno Font Name Font Size Sno Font Name Size TFERT TET TmET T TIET TR =R T = =
1 Mangal 24px, 16px, 12px 14 Kruti Dev 714 24px e L
2 GIST-DVOTAKshar 24px, 16px, 12px 15 Richa 24px T = B . e
3 GIST-DVOTMaya 24px, 16px, 12px 16 Apargjita 24px a7 =87 : o = =T ==
4 GIST-DVOTKishore 24px 17 Kokila 24px e ==t T TE T Tl T T S T O
5 GIST-DVOTSubodh 24px 18 Kundali 24px son Ml daDas ool hiatanubonting i
6 GIST-DVOTVinest 24px 19 Arjun 24px liastiedninanigeladinbaiislisnacionbse
7 AkrutiDevYogini, 24px 20 Kanika 24px o e o e e e e T e
8 Aria UnicodeMS 24px 21 Devlys 010 24px i =07 T T == T = == =
9 Utsazh 24px 22 Devlys 140 24px . ST T TeT TR So7 TE T T AT AT S 5
lo Garg| 24px 23 Akrut|Da/R|ya 24pX COT T T GeR GUh G B B Gu] T =1 o Tl 48 FE6 T T
1 Gurumaa 24px 24  AkrutiDevGangal  24px s e bl s i it it Sl
12 Kruti Dev 010 24px 25 AkrutidevPriyanka 24px  EHAEN U SR URWEE R G 6 ® T @ s 3 .
13 Kruti Dev 040 24px Figure12 Image of Test DataFile of Mangal Font with 24px Font Size
Table 4 Exceptions found during analysis over 25 fonts
a @
a k l:
c ko kok a l: lrJ u
p r roor d d t
r 2 m @ T s , a ju 8 u u ouo 2 k E a k e e ;‘ T i
o] k m u . k t 9 t t ot o] a v v . d
p s ' & sa>p ! g d i i i ! ok M0 | : d e
e n a noh y h o "y ! a0y d d d & 2 d J i y Yy d € \Y
c g o] i a g m h j a u e v
r o] a a d t a e e e d | k s s p
t a r t o i a a i | n \Y g
t r h i h vV VvV Vv a . a 0 1 r
e | e a t i p a 3
y r 0 o 7 a 1 4 r n i
1 4 1 0 0 y
0 0 4 v g a
n
a | K
a
1 2 3 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
OneCavity 1 O - - - - - - YYYY Y Y Y Y Y - - Y Y - - - . .
2 {[ - - -Y - - - Y - - - - - - - Y - - - - - - - Y
4 B Y - - - - o oY - o ... e e
5 &Y - - - o o Y - o oo oo oY e
6 -(Er Y - - - - - - XYY - - - - - - ... e e e
Two Cavity 1 @ -Y - -Y - - YYY - - - - - Y Y - - - - - - - -
2 ;I' - YYYYY - YYY Y - - - - Y Y - - - - - - - -
3 ﬁ - Y Y Y Y Y - Y - - - oo oY - e -
4 a -YyY -YYyYyYy--Y Y - YYY Y - Y - Y - Y - Y
5 @ -Y - -Y - - Y - - Y - - Y - - - - - Y Y - Y Y
6 %' - - Y - Y - - Y - - - 4 - - - - - - e e e
7 2]- - - - YYYyY - - - - - - - - - Y- - - - - - - - -
L9
8 d:|' - - - XYY Y - - - - - - - - Y - - e - Y e e
9 .E[ - - - YYYyY - - - - - - - - - Y - - - - - - - - -
10 a:r - - - YYYyY - - - - - - - - - Y - - - - - Y - - -

The Figure 12 shows the image of one test data file of Mangal
font with 24px font size used for testing. Similar files of
different fonts and sizes are created and used for testing.

Exception found during analysis over 25 fonts

It is also observed in the test data for these 25 fonts that there
are various characters which fal in other character class. The
exceptions are shown in Table 4.
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DISCUSSION

The complexity of presence of larger number of character in
the middle zone of the Devanagari Text is reduces to the small
manageable chunks by classifying the character using the
structural properties. The result shows very less number of
characters in most of the classes. The character shows the
presence of zero cavity in 6 single characters, one cavity in 23
single characters and two cavity in 14 single characters. The
conjunct character starting with these single characters also
exhibit the same number of cavity.

CONCLUSION

During the OCR process, the unknown character symbol can be
processed to first identify the class it belongs to and then a
simple recognizer can be used to recognize it. Since each
recognizer would have to recognize the unknown symbol out of
a much smaller number of possibilities, it would be much
easier to design these. Thus, this classification step can be used
with advantage along with any OCR system as a preprocessor
block.
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