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Abstract— This paper deals with the theoretical analysis of
Devanagari script according to machine recognition perspective.
An individual having good knowledge of the script of a language
can easily read some words written on a paper pertaining to that
script, though these are expressed in very bad manner, on the
basis of his/her mental dictionary. Such words may not be easy to
read through a machine as there may be various irregularities
caused in expressing these words which are not easy to handle by
a machine. A word in Devanagari script can be divided into three
vertical regions i.e. the upper, the lower and the middle. The
irregularities caused can belong to the upper, the lower and the
middle region in a hand-printed word. Some common
irregularities in writing Devanagari script are reported here. The
various problems likely to be faced in machine recognition
process pertaining to the words of Devanagari script are also
detailed. Each individual writes uniquely. The writing of a writer
may be very good or very bad. Some awkward styles of writing,
due to which a lot of difficulties are faced in machine recognition
process, are also discussed in detail.

Keywords- Devanagari; printed; irregularities; machine-
printed; intelligent character recognition(ICR).

. INTRODUCTION

An ICR works in various stages such as scanning, pre-
processing, feature extraction, classification and post-
processing.  Segmentation is one among the various pre-
processing steps performed on an image before feature
extraction and classification is carried out. The variability
caused in script writing is so high that some times it becomes
difficult even to read a hand-printed material by a well knower
of the language and so reading the same script through a
machine can not be expected.

Hindi is widely used language in south Asian region which
is written in Devanagari script. Hindi is also official language
of India. The words in Devanagari script are not written in
cursive manner but there are some alphabets which some
individuals write in cursive manner. Though it is non-cursive in
writing but there are some irregularities which some writers
commit in writing this script that poses some difficulties to read
Devanagari script through a machine. Some such irregularities
have been described in this paper.

Some papers dealing with the recognition of Devanagari
script prior to 1990 have been referenced as:[2,5,6,7]. Two
major work dealing with the recognition of machine-printed
script of Devanagari after 1990 have been referenced as:[1,4].
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Some papers are available on Devanagari off-line hand-printed
character or word recognition in literature. Prominent among
these are: Satish [13-14], Pal et al[15], Sharma et al[16] and
Deshpande et al [17]’s works for isolated character recognition
and Shaw et al[18] and Parui et al[19]’s works on Devanagari
hand-printed isolated word recognition. Apart from this some
papers dealing with the segmentation of Devanagari script have
been referenced as: [11, 12] and some papers dealing with the
recognition of on-line hand-printed Devanagari script have
been referenced as: [8, 9].

Il. A BRIEF SCRIPT REVIEW

In Devanagari script, a word can be vertically divided into
three regions like Roman: the upper region, the middle region
and the lower region. The upper region is occupied by the
vowel symbols or a part of vowel symbols; the lower region is
also occupied by the vowel symbols while the middle region is
occupied by the consonants, pure consonants, compound
characters, vowels, vowel symbols or a part of vowel symbols.
A machine-printed and hand-printed Devanagari word
demonstrating all the three vertical regions are given in “Fig.
1” and “Fig. 2” respectively.

Figure 1. A machine-printed Devanagari word divided into three vertical
regions.
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Figure 2. A Hand-printed Devanagari word divided into three vertical
regions.

The size of all the three regions is not same in case of
machine-printed and depends upon font to font. The lower and
upper regions are some what smaller in size as compared to
middle one. Keeping in view the three regions it is not difficult
to segment a machine-printed Devanagari word. In case of
hand-printed the size of various regions is not expressible i.e.
the size of a region can be bigger or smaller and depends upon
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a writer’s writing style. Some irregularities which are caused
by the writers at the writing moments are discussed in next
Section. Due to the irregularities caused in writing, a lot of
efforts are required to read the given script through a machine.
Some times, the written material is so awkward that it becomes
difficult to read even visually. The solution to recognize such
writing is some what difficult but not impossible. To improve
the recognition accuracy of an ICR, either we have to teach the
masses to avoid bad writing or we have to design a robust
algorithm to deal with such complex issues.

IIl.  SCRIPTING DISCREPANCIES

There are various irregularities which are performed by a
writer at the writing moments that makes word level
recognition of hand-printed Devanagari script a lot of
difficult. The cause of irregularities may be hasty writing,
habitual of bad writing, lack of interest in writing, lack of
concentration, lack of script knowledge, lack of proper
environment, bad instrument and bad stationary. Even if last
four factors are favourable the irregularities in writing can not
be ignored. The various issues pertaining to such discrepancies
are explained region wise as:

A. Upper Region

The upper region in a Devanagari word is occupied by the
vowel symbols or a part of the vowel symbols. The various
vowel symbols or a part of symbols used in this region are
given in Table 1. Some common irregularities are as:

TABLE 1: VOWEL SYMBOLS OR A PART OF VOWEL SYMBOLS IN UPPER AND
LOWER REGION.

Region Symbols/a part of symbols
Upper AN (U @
Lower DN C ~

1) Abnormal size of a vowel symbol: Some individuals write
a vowel symbol or a part of a vowel symbol very small in size
where as some individuals write the same symbol very large in
size in contrary to its actual size. Actually the size of a vowel
symbol or a part of a vowel symbol in a word should be
balanced. Some examples of unbalance and balanced vowels in
upper region are shown in Fig 3. In all the four words,
mentioned in “Fig. 3”, the size of the vowel symbols is so small
that it is difficult to perceive and conclude the identity of the
symbols in isolation. Such irregular writing not only causes
difficulties in recognizing a word through a machine but also
by an individual.

Figure 3. Unbalanced vowel symbols encircled inside dotted rectangles and
balanced vowel symbols encircled inside dotted circles.
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2) Awkward representation of a vowel symbol: Some
individuals write a part of a vowel symbol ‘1’ above head-line
as given in “Fig. 4(a)”. Writing this symbol as a straight stroke
do not pose any problem in recognition but two such strokes
above head-line are some times written in a very lumbering
way as given in “Fig. 4(b-c)”. Some writers also express the
same vowel symbols, as given in “Fig. 4(d)”, with extra
branches. The awkward ways of expressing the vowel symbols,
as given in “Fig. (b-d)” , above head-line are also irregularities
in writing and may create a lot of problems in recognition

g xm = 7
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Figure 4. Some good and bad vowel symbols above head-line.

3) Incomplete and inaccurate representation of a vowel
symbol: In some cases the upper part of the vowel symbols
‘"> and 't is written in an ugly way. Though a well knower
of the script can easily interpret it but it may pose a lot of
difficulties in machine recognition. Some such ugly represented
upper vowel symbols are given in “Fig. 5”.

Figure 5.  Some words with ugly written upper vowel symbol.
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4) Merging vowel symbols with head-line: In some cases it
has been observed that a vowel symbol is completely
amalgamated in head-line. If this fusion is partial then it may
not pose any problem in segmentation and recognition process
but in cases where this fusion is large which completely destroy
the structure of a vowel symbol may cause a lot of problems in
recognition process. In “Fig. 6, in case of word i, a vowel
symbol ‘Bindi’ has been touched with head-line. The
recognition process may consider it as a blot along head-line
and can ignore it being a part of head-line. There should be a
small gap between a ‘Bindi’ and head-line. “Fig. 6” shows
some such irregularities.

Figure 6. Completely merged vowel symbols with head-line encircled in
dotted rectangle and properly placed vowel symbols adjacent to head-line
encircled in dotted circle.

Figure 7. Some words with wrong attachment of vowel symbols.
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5) Intruding upper vowel symbols with middle region: Some
writers wrongly originate the vowel symbols in upper region.
In some words these are not originated from the head-line
rather these are originated from middle region. Consequently, a
portion of these remain in middle region that also poses a lot of
problems in segmentation and recognition process. Some such
words with wrong attachment of the vowel symbols are
reported in “Fig. 7”.

B. Lower Region

The lower region in a Devanagari word is occupied by the
vowel symbols only. Some common irregularities observed in
this region are as:

1) Intruding a lower vowel symbol with middle region: A
majority of writers do not write the lower region vowel
symbols in lower region but intrudes the same to a large extant
in middle region. In some cases such encroachments are so
large that the lower vowel symbols are completely inside
middle region as given in “Fig. 8”. In such cases it becomes
difficult to judge the existence of a vowel symbol attached to
the lower part of a consonant.

Figure 8.  Word images where lower vowel symbols completely inside
middle region.

2) Improper attachment of a lower vowel symbol: In some
cases the lower vowel symbols are not written at their proper
place. The cause may be habitual writing or un-controlled
writing. In such situation it becomes more difficult to identify a
lower vowel symbol. Some examples are given in “Fig. 9”. In
all these three cases the writers have attached a lower vowel to
a consonant by ignoring scripting rules. In such cases too it
becomes difficult to judge the existence of a vowel symbol
attached to the lower part of a consonant.

FH oS T

Figure 9.  Word images where lower vowels are attached to consonants
ignoring scripting rules.

3) Chomping a consonant as a result of wrong attachment
of a lower vowel symbol: In some cases a lower vowel symbol
completely overlaps a consonant to which it is to be connected
and destroys its shape that is very difficult to recognize. The
examples of such words are given in “Fig. 10”. In first word it
appears as a lower vowel symbol ‘e is attached to ‘U’ but
actually it is attached to ‘ZI’. So it has completely destroyed
the structure of “=1”. Similarly in second word, a vowel symbol
“en’ has destroyed character ‘<’ from lower side and
consequently it is appearing as ‘ €.
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Figure 10. Word images where lower vowels chomped the consonants.

4) Writing a vowel symbol in Isolation: Some persons have
habit of not attaching a lower vowel symbol to a consonant
rather writes it quite away. If there is not any line below a line
in which this word is written then there is no problem.
However, if there is a line below a given word then some times
it becomes difficult to draw conclusion whether this isolated
vowel symbol is attached to a word written in lower line as an
upper vowel symbol or it is attached to a word written in upper
line as a lower vowel symbol. The situation is given “Fig. 11”.

Figure 11. Two words with a confusing vowel symbol marked in dotted
rectangle.

5) Abnormally expressed vowel symbols: One more
important observation about the lower vowel symbols is that
some persons write a lower vowel symbol very large as
compared to its actual size relative to a word as given in “Fig.
12”. Such irregularities are natural as some times a writer
losses control at the time of writing but it may cause problem in
machine recognition process.

S8 T8

Figure 12. Some words with an enormous lower vowel symbol.

C. Head-line

The characters in a Devanagari word are connected to each
other through a head-line. At writing time, generally, a head-
line is inserted after writing all the characters or character
strokes in a word. Consequently, the whole line in a word is
written as a single stroke. In all above mentioned examples
given in “Fig. (2-10)”, the head-line has been inserted as a
single stroke. But some persons have habit of step-wise writing
where head-line is inserted after writing each character in a
word. Consequently, a head-line is zigzagged. Some people
have also a habit of inserting an incomplete head-line or a
broken head-line. The examples of such words are given in
“Fig. 13”. The head-line is most important part of a
Devanagari word that can be exploited to know and recognize
it effectively. If head-line in a word is not smooth then it
becomes difficult to locate the various components or symbols
in a word and thus contributes to drop in recognition rate.

276



Satish Kumar / (IJCSE) International Journal on Computer Science and Engineering

st 7t TR

L P 5y

Figure 13. Devanagari words with incomplete, broken and zigzagged head-
lines.

D. Middle Region

The middle region may contain the consonants, the vowels
or the vowel symbols. In other words one can say that middle
part may contain all vowel symbols of Devanagari except the
vowel symbols used in upper and lower region in addition to
consonants, vowels etc. There are various irregularities which
are committed by a writer while writing the script in this
region. Some such irregularities are explained as:

1) Wrong insertion of head-line: This irregularity can be
considered belonging to both head-line and middle region. This
kind of irregularity is not due to the habitual writing and may
be caused in hasty writing. The head-line always encroach a lot
of area of middle region and consequently all the characters of
this region are destroyed a lot. This causes a lot of difficulties
in segmenting and recognizing the given characters in a word
which in some cases are 10-30% destroyed from top. Though
such words can be easily recognized visually but may pose
problem in machine recognition process. Some completely
destroyed words by wrongly inserting head-line are given in
“Fig. 14”.

=¥t oot oasdt S5 C

Figure 14. Some completely destroyed characters in a word due to wrong
insertion of head-line.

2) Incomplete character writing: Some writers also write
incomplete characters in middle region. It may be easy to judge
the identity of a character on the basis of the other consonants,
vowels or vowel symbols, etc in a given word as a person’s
brain itself is a big dictionary. In case of machine recognition
the judgment about the identity of an ambiguous character can
be made only in post-processing stage based on a dictionary of
words. Some words with incomplete characters and their exact
character structures are given in “Fig. 15”.

Figure 15. Some words with incomplete characters and their exact character
structure.
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3) Touching characters with head-line due to wrong
attachment of a character with it: Some persons touch some
characters in a word with head-line and are completely
destroyed where as remaining characters are in good condition.
Such destroyed characters are difficult to recognize. Actually,
the main cause of touching some characters with head-line is
that there is a very small gap between head-line and a stroke in
structures of some characters. In Devanagari the various such
characters are 8 P S AT | etc in which the gap between
head-line and their upper stroke is very small. In such cases
some times a writer fails to keep required gap due to fluent
writing. Some characters touching with head-line are given in

“Fig. 16”. Fgﬁ_

Figure 16. Some words with some damaged character due to head-line touch
along with some reasonable characters

4) Narrow writing: Some writers have habit of writing
consecutive characters very narrow and they do not keep
required gap between two characters. The result is that a lot of
characters in a word are touching. In some cases the touching is
partial where as in other cases the touching is very large and it
completely destroys the structure of both the characters. Some
words written without/negligible gap between two characters
are given in “Fig. 17”.

o F TS LR

Figure 17. Some congested words.

5) Overwriting: Some times in writing a stroke used to
express a character may be faded or broken. To ensure the type
of stroke or symbol in a character, a writer over-writes the
given character or a part of a character. This behavior widens
the stroke width which is always different from the various
strokes presented in rest part of a word or a character. Some
times even extra branches or extra loops are formed which
changes the structure of a character a lot and contributes to
drop of recognition rate of an ICR. Some such characters are
demonstrated in “Fig. 18”.

Figure 18. Some words where some characters destroyed due to overwriting.

IV. SOME AWKWARD STYLES

Each individual has his own style of writing. About writing
one can not question about how and why a person writes this
way or that way. As far as about the style of one’s writing is
concerned, a person acquires it from lower classes. But if one
has determination to change it, he/she can do easily. As per
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my perception, it is related to one’s mental ability. Apart from
the above mentioned irregularities, some awkward styles of
writing the various characters in a word are as:

A. Undeveloped Character Writing

Some persons have habit of writing undeveloped or partial
characters. They write a lot of characters in a word in
incomplete form. Also there are some characters which are
partially written while a writer writes in flow. In case of
machine recognition the judgment about the identity of such
characters can be only made in post-processing stage based on
a dictionary of words. Such characters, if written, in full
developed manner will be very helpful to enhance the
recognition rate of an ICR. Some such examples are given in

Enficrzil
I Foif?

Figure 19. Some partially or incompletely written words.

B. Unusual Character Writing

Some writers are habitual of writing very enormous
characters. They write in a very strange manner. The structure
of a hand-printed character is quite different from the regular
structure of a character. Such writing also causes difficulties in
machine recognition process. Some such character images are
given in “Fig. 20",

A R P
Ba @v@'&a@@

Figure 20. Some words having enormous characters those are difficult to
recognize even visually.

C. Extra Stroke Formation

Some writers create extra branches in writing which are
usually not required. The extra strokes created by them are not
toward decorating a character/word to convert it to stylish
rather as a result of habitual writing or hasty writing. Some
times extra branches formed are so large in number and size
that these make the structure of a character/word quite gauche.
Some examples of such writing are given in “Fig. 21”.

Figure 21. Two words with unwanted strokes shown in dotted rectangle
region.
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D. Touching Strokes
When a writer writes, he/she may not be able to keep
control on his/her hand. Consequently, a lot of characters/
character symbols touch with each other. Actually, this touch is
of two types: inter-character and intra-character.

1) Inter-character: In such kinds of touching, the two
adjoining characters touch with each. The fusion at touching
point may be partial or large. In such situation it becomes
difficult to segment and recognize the fused characters as it
becomes difficult to identify the exact boundary between these
characters. Some examples are given in “Fig. 22”.

Figure 22. Examples of inter-connected characters in a word.

2) Intra-Character: In such kinds of touching, the two or
more strokes in a character touch with each other. The fusion at
touching point may be partial or large as in case of inter-
character touch. Some times the touch is so large that it
completely destroys the given character. In such cases it
becomes difficult to judge the identity of the given character in
isolation. In machine-recognition process it becomes difficult
to recognize such characters. Some such examples are given in
“Fig. 23”. Such characters some times are difficult to identify
visually in isolation.

T4 o g

Figure 23. Examples of inter-connected characters in a word.

V. DiIscussioN AND CONCLUSION

There is a lot of difference between hand-printed and
machine-printed. In hand-printed writing a lot of irregularities
are committed by the writers. These irregularities drop the
recognition rate of an ICR a lot. Though, there are some issues
which are beyond the control of a writer, as a writer some times
losses control at the writing moments, even then the drop in
recognition rate of an ICR can be improved by teaching the
masses about avoiding bad writing and by designing a robust
algorithm to deal with such complex issues.
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