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Abstract

This paper describes the I1SI database of handwritten
Bangla numerals. Bangla is the second most popular lan-
guage and script of the Indian subcontinent and it is used
by more than 200 million people all over the globe. The Figure 1. Bangla numeral shapes
present database has several components which include

both on-line and off-line handwritten numerals. Sam- continent which is second to Devanagari. Bangla is also
ples of numeral strings and isolated numerals have beenne official language of Bangladesh. It is used by more

collected under both modes of writing. This database than 200 million people all over the world. The script of
has been developed at the Computer Vision and Patterngangla is almost the same as two other Indic scriyts,

Recognition Unit laboratory of Indian Statistical Institute, aAgsamese and Manipuri.

Kolkata. Samples of the present database are properly |, 5 geveloping country like India there is an urgent
ground thruthed and subdivided into respective training nee for the research and development of its own language
and test sets. The off-line sample images are stored iNgcpnologies. The Department of Information Technol-
TIFF image format and the on-line samples are stored o4y Govt. of India initiated the TDIL (Technology De-
along with various mforrr_latlon_ as hea(_JIer in ASCII file velopment for Indian Languages) programme with the
format. .'_I'h|s databfa_se will facilitate fruitful research on objective of developing information processing tools and
handwriting recognition of Bangla through free access t0 (gcnniques to facilitate human-machine interaction with-
the researchers. out language barrier. As a result of such initiatives, recent

] ) . thrusts have been observed on research attempts for au-
Keywords:  Handwritten character database, on-line ymatic recognition of printed / handwritten characters of
database, off-line database, numerals of Indian scripts  \,ari0us Indic scripts.

ducti Some recent but notable works on printed Indian
1. Introduction scripts include [6] for Devnagari texts and [7] for Bangla
There is a special importance of numerals in automatic OCR system. However, there exits only a few studies on
handwritten character recognition research. This is so be-handwritten characters of some Indian scripts which in-
cause numerals carry more important information in ap- cludes [8] and [9] for Bangla, [10] and [11] for Devnagari
plication areas like bank check or postal address read-characters. These studies were reported on the basis of
ing systems as well as automatic tabular form process-different databases collected either in laboratory environ-
ing. So, the document processing community puts em-ment or from smaller groups of the concerned population.
phasis on recognizing numerals with a high degree of ac-  In fact, effective research work on handwriting recog-
curacy. To facilitate results on uniform data set, several nition for Indic scripts is seriously hampered because of
document processing research groups have collected larg¢he unavailability of standard/benchmark databases those
numeral databases to make them available to the fellowmay be used for testing of algorithms and for comparison
researchers. However, such existing databases are limof results. This paper describes a pioneering attempt for
ited to only a few scripts of developed nations such as generation of a complete database for handwritten Bangla
English, Japanese, Chinese. These standard databases inumerals. This new handwritten database is complete in
clude NIST, MNIST [1], CEDAR [2], CENPARMI etc.  the sense that it consists of a large number of samples of
for Latin numerals and [3, 4, 5] for a few other scripts. on-line/off-line and also segmented / connected numer-
India is a multilingual country of more than 1 billion als. This database has been developed to make it avail-
population with 22 constitutional languages and 10 differ- able freely to the fellow researchers for the furtherance
ent scripts. Although since 1965 English had been offi- of handwriting recognition research on Indic scripts. The
cially recognised as an “associated language” in India, ac-ideal (printed) forms of Bangla numerals are shown in
cording to the latest census report, less than 5 percent ofFigure 1.
the Indian population can either read or write in English. In Section 2 of this article, we describe details of on-
Bangla is a popular language and script of the Indian sub-line annotated database for handwritten Bangla numerals
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and Section 3 provides description of off-line handwrit-

ten Bangla numeral database. Section 4 summarizes the o 0 O o %) O o
present work.
N b i 3 3 S

2. Bangla on-line numeral data T = | 2| 2 Z | = | =

To the best of our knowledge, the only existing on-
line handwritten database in an Indic script is the Tamil v 19 \2 e NI WD =
data in UNIPEN format [12] and a major competition dur- 8 3 Q 2 2 Z =
ing IWFHR-10 on on-line character recognition using this
database has been already announced [13]. On the other ¢ ¢ © @ & a e
hand, pen based computing devices are gaining popularity o
even in India and the present paper describes the first ever e B W =Nl
attempt towards the development of an annotated on-line a | 9 q q a4 | g 9
handwritten data set in Bangla, the second most popular
Indian script. This database and the tool used for this pur- v | b= b = | b— | b~ | b
pose have been recently developed at our laboratory. The S
same tool will be used in near future for the development ~ o B 2 - »

of similar databases of a few other Indian scripts. Such at-
tempts will cause further research activities on recognition

of on-line handwritten characters. Figure 3. Samples from the database of On-line

. . handwritten Bangla isolated numerals
2.1. Collection of On-line numeral samples g

The on-line numeral samples of the present database . ,
have been collected using Genius NewSketch 1212 tablet. At the start of each data collection session, the soft-
The sampling rate is 150 points per second. No restric- Ware provides option for isolated or numeral string. If

tion was imposed on the writers except for specifying rec- numeral string is {selected, it further .provides option for
tangular regions for writing either isolated numeral or its S€lection of the string length. Depending on these parame-

string of different sizes. Since such rectangular regionsters’ the screen is divided into enough large rectangular re-

are large enough, the restriction may not be considered agions inside each of which, the writer should provide sam-
a Serious one. ples. Such a tool helps automatic ground truthing. Hand-

A software has recently been developed at our Iabora_written sample within each rectangular region is stored in
tory for speedy collection, automatic ground truthing and distinct f|_Ies and _f|Ienames are generated from the name
annotation of on-line handwritten data. A screen shot of of the writer. Durmg gengranon of filename, the software
this software is shown in Figure 2. This software, written also look for possible existence of samples from the same

using MSVC++ under Widows XP environment, provides writer under the target _dlrector_y and accordingly concate-
nate a counter value with the filename. All the samples of

a screen with an on-line form as the header and large rec- ‘
tangular regions for writing isolated or numeral strings. 1€ Present database collected through the said software
have been manually checked to ensure reliable ground
2.2. Format of the annotation truth.
Now-a-days XML is a popular choice for representa-
tion of annotated on-line data [14]. Recently &L rep-
resentation for annotation of online handwriting data us-
ing InkML standard had been described in [15]. Although

the present database has not been developed in XML rep- Table 1: Distribution of samples in on-line Bangla

numeral database

resentation, however, it stores in ASCII most of the sig- Digits | Training Set | Test Set| Total
nificant information stored in UNIPEN format or XML 0 700 536 936
representation of raw handwriting data called Digital Ink 1 700 530 930
Markup Language (InkML), a standard being developed 5 200 535 935
by the W3C for the description of digital ink [16]. 3 200 535 935
The format used for the present on-line database en- 2 200 533 933
codes information about the version number, date and 5 200 536 936
time, writer's name, age, sex, education, occupation, city, 5 260 536 936
script, mother tongue, writing habit (right-handed or left- = ) 535 935
handed), number of samples generated, coordinates of two
extreme and opposite corner points of both the frame pro- 8 700 236 936
vided to write and the minimum bounding rectangle for 9 700 236 936
pen-down positions. Total 7000 1348 | 8348




Online Data Collection Form
File

BEE

First Name |Bikzsh Age ‘15 to 30 j Education ‘Gladuate j City ‘Kolhta Mother Tongue Hindi -

Last Name ]Slliw E JMlll j Occupation JS!rvice

=] saipe| [Bengali -] wiiting Habit | [Lefe Hana <]

U
>

. Submit

Figure 2. On-line data collection form

B BikashShaw001. hwr, - Notepad

File Edit Format View Help

#YERSION 1.1 -~
#TABLET GENIUS MEWSKETCH 1212 TABLET
#SAMPLE PER SECOND 150

#WRITER MAME BEIKASH SHAW

#WRITER AGE 15-30

#WRITER SEX M

#WRITER EDUCATION GRADUATE

#WRITER OCCUPATION SERVICE

#WRITER CITY ROLKATA

#WRITER MOTHER TONGUE HIMDI

#WRITIMG HABIT LEFT

#SCRIPT BAMNGLA

#OATA TSOLATED NUMERAL

#OATA CATEGORY 0

#OATA HEIGHT 105 -
< >

Figure 4. Part of the header of a sample data file
2.3. Online Bangla numeral database details

A sample set of online isolated Bangla numerals are
shown in Figure 3. The following listing in Figure 4 shows
an example of a part of the header information of a sam-
ple file from the present ISI database of on-line isolated
numeral samples. Also, a listing of the data portion from
a sample of our database is shown in Figure 5. Distrib-
ution statistics of on-line isolated numeral sample data is
provided in Table 1.

The on-line part of the present database also consists
of numeral strings of various lengths. Most of these
strings consists of 2 numerals and there are 1265 such nu-
meral strings. The maximum number of numerals in a on-

[P BikashShaw001.hwr - Notepad [AEE]
Fie Edt Fomat View Help

Absci Ordin Press Azimu ATtit Twist Curs ~
-289 -281 0 0 900 0

=289 -281 0 730 820 0

-289 -281 0 700 740 0

-289 -281 0 690 660 0

-291 -281 0 690 570 0

-292 -281 0 700 560 0

-292  -281 0 1700 540 0 1
-292  -281 0 1700 510 0 1
-292 -281 0 710 90 0

-292 -283 0 700 70 0

=292 -283 0 700 60 0

-292 -283 0 700 50 0

-292 -283 0 700 40 0

-292 -283 0 700 0 0

-292 -283 0 700 20 0

-291 -284 0 1700 410 0 1
-291 -284 0 700 10 0

-290 -284 0 700 00 0

-290 -282 0 700 00 0

-289 -283 0 700 00 0

-289 -284 0 700 10 0

-288 -282 0 700 10 0

-288 -282 0 700 10 0

-288 -284 0 00 10 0

-289 -283 0 1700 410 0 1
-288 -284 0 700 20 0

-287 -285 1] 710 20 0

=287 -285 27 710 20 0

-287 -284 254 720 20 0

-287 -284 304 720 30 0

-287 -284 7l 720 30 0

-287  -285 4 730 30 0

-287 -285 468 1720 440 0 1
< >

Figure 5. A portion of the data in a sample data file
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26 - _— 9 pp
Q%/@L%% ey ) sidered and its three fields, viz. age, date-of-birth and the

pin-code are used for extraction of required numeral data.
This second choice also cannot completely reduce the dif-
ficulty of uneven distribution of samples among possible
10 classes. So, as the third and last option we designed
a form consisting of horizontally arranged strings of ad-
jacent rectangular boxes. In this form numerals are writ-
ten sequentially along each horizontal string of boxes. A
line numeral string of our database is 10 and there are 157subject was requested to write one character per box. No
such numeral strings. Total number of numeral strings in other restriction was imposed on the writers. The pur-

Figure 6. A sample postal mail piece used for collec-
tion of off-line numeral samples

the on-line part of the present database is 2876. pose of data collection had not been disclosed to them
so that they should produce samples reflecting their nat-
3. Bangla off-line numeral data ural handwriting styles. In approximately 75% cases, the

) same subject was asked to write on both forms on two
_ The present handwritten numeral database for Bangljitterent occasions using his/her own writing instrument.
includes oﬁ"—lme samplies' of both isolated numerals and |, c4qe writing instrument was not available with the sub-
numeral strings. Descrlptlons_of both of these componentsject' it was supplied at random from a set of different types
of the present database are given below. of such instruments. Both forms were printed on papers
Collection of off-line data is easier compared to the . gifferent quality and the samples have been collected
same for on-line data. This is because off-line data may ,er 5 span of more than two years through the students

easily be collected by scanning huge quantity of available 4t pegree Engineering Colleges as a part of their training
paper forms including postal documents. However, prepa‘programme.
ration of the data including its ground truthing is labor in-

tensive and time consuming. 3.2. Data preparation

3.1.  Collection of off-line numeral samples Manual extraction of isolated numerals from the

Before collection of data, the following points were Scanned images of the filled-in forms or postal mails in-

decided to make the databases as much representative #!ve huge amount of man-hours. So, we developed a
possible. Common factors responsible for variations in software for automatic extraction of humerals from the

handwriting styles include age, sex, education, profession,scanned forms or from the string of rectangular boxes of
writing instrument, writing surface, mood of the writer Pincode part of scanned postal mails. The Postcard, In-
etc. Enough care was paid to include samples from at leasfand Letter and Envelopes sold by the Indian Post contain
major categories under each of the above issues. Hand&n array of six boxes printed in the address region. The
written Bangla isolated numeral samples were extractedSenders normally write the six digit pincode number in-
from the postal code part of the address written on a largeSide the boxes of this array.

number of mail pieces. Bangla numeral strings were also  The software developed by us for automatic extraction
extracted from these mail pieces whenever these are founaf handwritten numerals from images of forms or postal
on the real-life mail pieces in our collection. One such mails, locate strings of rectangular boxes in such images
mail piece in which both numeral string and isolated nu- by identifying a pair of parallel lines which are cut by sev-
merals are found is shown in Figure 6. These samples pro-eral vertical lines. For the above reasons, our software use
vide true real-life data. However, such data collected from digital horizontal/vertical line detection algorithms. The
real-world has its own drawbacks. These samples can-extracted data by the said software is manually checked
not be evenly distributed among the ten numeral classesand only the properly extracted numeral shapes are iden-
and more seriously it cannot include all the sections of the tified to add them to our database. Those mail pieces or
population. So, a job application form (Figure 7) is con- form images which fail the box detection, are subjected



for manual extraction of numeral samples.

Here, it may be noted that the numeral data arising O’D }b '22 %) gg

from mail pieces have wide variety of background arising
from different paper quality and variations in color or gray
shades. However, we did not maintain any color informa- @ \ﬂ % "32

tion in our database.

20 [O]0D]0[T[D[O[0 D)6 oTD 00 338 A ‘o

one | Q)| [ 3925 S 5 %Ag | b®o2. MY

o [} [2] 272 ]2]2 | —
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F%ve (2 B’ 6 G @ é‘ @ Q @ Q Figure 9. Samples of off-line Bangla numeral strings

zm ‘;) gﬂ( ?{ \G‘Sﬂ \2’ ;‘\{ :itlzf g’ \c; 3.4, Statisltics ofI off-line handwritten Bangla
Seven } | numeral samples

Fight lr— ]7-' ksmed (5 ‘- 1!5“ (— | % | O'urdatabase of isolated handwritten Bangla numerals
e [ [ D]aC[D [ 5[] fom 1202 mai picces, 116 job appiieation orms and for

the rest we used the third type of form described above.
The whole set of available isolated numeral data have been
split into a training set consisting of 19392 samples and a
test set consisting of 4000 samples. The distribution of
) ) samples of these training and test sets into 10 classes are
3.3. Off-line Bangla numeral database details given in Table 2. This database has been used in a recent
work on recognition of Bangla numerals [17].
The forms are scanned at 300 d.p.i. resolution using  |engths of off-line samples of numeral strings in the
a state-of-the-art HP flatbed scanner. These are stored afresent database varies between 2 to 10. However, most of
grayscale images using 1 byte per pixel. This may help these strings are of 2 numerals and there are 3156 such nu-
the researchers to experiment with various preprocessingmeral strings. The second maximum number of numeral
techniques including thresholding or recognition in the string samples are of length 10 and there are 954 such

grayscale domain. A few samples of isolated numerals nymeral strings. Total number of numeral strings in the
from the present database are shown in Figure 8. Also,off-line part of the present database is 6543.

several samples of off-line Bangla numeral strings are

Figure 8. Off-line isolated Bangla numeral samples

given in Figure 9. Table 2: Distribution of numerals in Bangla database
Since comparison of approaches by different research Digits | Training Set | Test Set| Total
groups on such a pattern recognition problem is very im- 0 1933 400 2333
portant, we have precisely split the whole sets of available 1 1945 400 2345
numeral data into respective training and test sets. In cer- 2 1945 400 2345
tain cases, the researchers require the use of a validation 3 1956 400 2356
set of samples in addition to the above two sets. Since 4 1945 400 | 2345
requirement of this validation set depends on the training > 1933 400 | 2333
strategy, we do not exclusively provide such a validation 6 1930 400 2330
set but the researchers may partition the training set to ob- 7 1928 400 2328
tain this set. Since a larger training set of handwritten data 8 1932 400 2332
often found yielding better recognition accuracy, we ran- 9 1945 400 2345
domly divide the whole available data approximately in Total 19392 4000 | 23392

the ratio 5:1 for obtaining training and test sets.

Often one or more digits are repeated in the pin code 4. Summary

field of a mail piece or the numeric fields of a job appli- In this article, a detailed description of a newly de-
cation form. In such cases, the concerned samples havereloped complete database of Bangla numeral samples
been verified manually and if they are found almost simi- written in both on-line and off-line modes has been pro-
lar, only one was included into the respective databases. vided. This database should provide a very important in-



frastructure towards development and comparison of var- [11] R. Bajaj, L. Dey and S. Chaudhuri, “Devnagari numeral
ious schemes for recognition of handwritten Bangla nu-

merals. A few unique characteristics of these database

are (i) they include off-line real-life data collected from
mail pieces and job application forms (ii) the on-line data

are properly annotated and can be easily converted to the

UNIPEN or XML format, (i) they maintain the balance
of representations of different classes (iii) off-line sam-
ples are stored in gray-scale using TIF format providing
maximum possible information. Since the data in these
databases are not preprocessed ones, one has the freedom4]
to play in this stage also.

In the mean time, we have tested several recognition
schemes during the initial stages of the development of
off-line isolated Bangla numeral and obtained significant [15]

recognition accuracies. Interested readers may consult ar-

ticles [17], [18] and [19].
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