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Abstract

Text arrangement is a extremely formed process utilizing various
determinable possessions and remodelled authentic whole to bring an
model from differing classes. Since order is important for the instance
assertion process, skilled are a few issues accompanying extremely
bordered arrangement in this place phase, which is individual of the
meaningful issues for valid incident and bettering of useful news
estimates. For the changeability of education and the competency to
accomplish complex estimations, classifiers are reliably ultimate
appropriate for arrangement design concession issues. This paper
anticipates to present an consequence based relative case of miscellaneous
classifiers and the ideal recognition of results prediction through the
Devanagari Manually composed individualities and mathematical statuses.
Various classifiers were took advantage of and evaluated in this place test
including k-Closest Neighbor (k-NN), Backing Vector vehicle (SVM),
Gullible Bayes, Choice Tree, Arbitrary Woods, and Convolution Brain
Organization (CNN). To realize the inspection reason, this paper exploited
a fair dataset accompanying containing 123 examples that holds of 123
types and 123 numerical values. Python 3.0 accompanying sciket discover
Al open-source atmosphere atheneum have happened applyied to
determine the performance of the classifiers. The exhibitions of the
classifiers got to by taking everything in mind the differing lattices
combining dataset capacity accompanying best split proportion between
fitting, authorization, and experiment process, accuracy rate,
Ture/Misleading admission rate, Valid/Bogus dismissal rate and the
domain camouflaged under the receiver active logo bend. Comparably the
paper shows the network of the exactness of the surveys captured by
requesting to chosen the classifier. For the preliminary outcomes, the
trustworthy classifiers deliberate in this place test have free rewards and
concede possibility be performed in a give-and-take way to meet the groin
veracity rates. In the views on test work, their effect compressions and the
amount expected performed, it is argued that the Irregular Woods
classifier is acting aforementioned that the continuous exercise of the
classifier to see the Devanagari Written manually character and the
analytical characters accompanying the accuracy rate 87.9% for the
consider 123 examples.
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1. Introduction

For the course of analysis the telling and affirmation composition is one of the important
progress. During ultimate current couple of age, police officer-made interpretation enabled
approaches are steadily expect and are shatching unusual perspectives by investigators for
determinable support of the effects received. This can be accredited to further grown chance,
extending number of real uses, and receptiveness to open Al method that create it plainer to
intend new computations or to change the continuous individual. In the field of registering
vision (CV) and the model confirmation (PR), various organizes are promoted for depiction
because of the knowledge changeability and the ability to survive the amazing circumstances.
The conclusion of that method to use for order killing appraisal relies upon an outnumbered
group attributes and it is accepted that no alone methods meets all hopes conditions. These
derives, for few request, expect technicians to resort to in addition to individual assemblage
interplay to finish a substantial appraisals. In any menacing environments when the decision
of the order procedure persistent less exact effects, unfaithful concept should be given to the
reason for the resolution. The accuracy of the concession process, model development time to
the description era, in addition relies upon the number and the plan of the classes in the
dataset for plan when individual purposes akin arrangement for differing material of
acknowledgments or for specific datasets, e.g., Devanagari Written manually that amount to
of 49 classes, Gurmukhi script accompanying 56 classes, thus.

Specialists engaged of individuality/numerical values acknowledgment are giving a much of
work exploiting various classifiers. In this paper, we have judged the arrangement of
individual classifiers for Devanagari characters/analytical features admission, so a creative
classifier expressly can work with a relative believe differing matters, e.g., Devanagari
handwriting. Character and digit upsides of the content datasets, that purposes as various
accumulation methods expected unambiguous, k-NN, SVM, Guileless Bayes, Choice Tree
(DT), Irregular Woods (RF), and Show Never Organization (CNN). The point search out
form a system that can favorably learn the personalities and numerical upsides of Devanagari
Manually inscribed handwriting while promising exact rates. Arrangement evaluation
estimations are acknowledged expected exact, preparation fitting test sizes, bogus affirmation
rate, confusing release rate, and the domain under below the hobbyist working symbol
(AUROC) bend.

Paper is arranged in six singular regions. In segment 1 covers the early on piece of the test
work. The segment 2 presents the composition plans connected work and the existed datasets.
Extreme point concerning this division search out present system which controls organization
work of the person/numerical values acknowledgments and the drawing of the various
procedures complicated by different examiners for recognition of content conditions. In
segment 3 sunny lights on the component ancestry stage used to segregate the person and
possessions of the marks of acknowledgments. Feature ancestry is a important season of an
ocular man concession system. In this part, we offer a short preface to the part believed as in
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this place test work. In the segment 4, inventors are top the classifiers evaluated in this place
work. The arrangement step is basically utilized for class conscription liable to be subjected
the visage detached from the tests. Segment 4 presents current fashion and show of the
classifiers consider in this help killing the estimate. In segment 5 we present specific
evaluation estimations. We have surveyed the appearance of various classifiers liable to be
subjected these display appraisal estimations. Segment 6 likenesses exploratory work
applyied various classifiers. In this part, we separate the performance of classifiers handled
for work that depends on limits, exemplification, acknowledgment precision, occasion
captured to assemble a readiness model, counterfeit acknowledgment rate, confusing release
rate, curving domain under receiver occupied qualities (AUROC) bend. In this part, the
creators have processed for completely a while, presenting the performance reliant upon the
unique materials accompanying highest in rank classifiers evaluated in this place work. At
long last, in the finishing up outline and in the view on future significance of the current
appraisal are bestowed in the segment 7.

2. Literature Review

The writing intends that a fair dimension of work has happened done on the show evaluation
of referring to a specifically known amount of classes for acknowledgment of the guy and
numerical characters. For realization of the digits, separate processes are accessible for origin
and composition were surveyed and visualized by researcher (Lee, 1993). Results that
guarantee extreme accuracy accompanying chain codes combine exchanged focal points, the
angle focal points, and the balance focal points (Srikantan & Srihari, 1994). Researcher
(Jeong et al., 1999) have bestowed relates of various classifiers for digitized recognizant. For
unambiguous designating and digit recognition, (Blue et al., 1994) have examined any
classifiers, and in this place way, the possibility of classifiers has proved that skilled was no
issue in the killing of probabilistic intelligence institutions (PNNs) containing the k-NN rule.
Researcher (Jain et al., 2000) have bestowed an experimental subject to a doubled dataset,
containing a number located dataset. Researcher (Zhu et al., 1999) wandered middle from
two points type illustrations and prevailing pictures containing the utilization of the Fourier
change. Taking a glance at the choice forest, counterfeit mind arrangements, and calculated
relapse, Kim has bestowed the sufficiency of these classifiers dependent upon the root mean
square mistake (Kim, 2008). In this item, the impacts of specific attributes and the scope of
the dataset on request processes are destitute down and the effects are forwarded apiece
relapse procedure. Reenacted fake intelligence institutions (ANNS) have been used to honest
and reproducible dossier. These point by point results shown that arrogant the data contained
join-boosts what for fear that honest appraisals of side effects were not handy, before the
genuine arrangement for backslides concurrently with an activity commit work preferred and
beat the ANN scheme Directs killing. Researcher (Huang et al., 2003) have consider
Credulous Bayes (NB), Choice Tree (DT), and SVM handling entirety under the Area under
Bend (AUC) standard. Considering applying the showed structures to the guaranteed facts,
accountant saw that AUC guess is better distinguished to obtaining accuracy as opposite to
guess methods. Moreover, it was visualized that the killing of the C4.5 depends on the
conclusion timber has a extreme domain under bend (AUC) when stood out from Credulous
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Bayes and SVM. A champion responsibility to ultimate refer to documents about one by
researcher (Dietterich, 1998). To outline the authentic plan of determinable request in
calculating located intelligence, he centers about picking the belief from two computations,
that gives more exact effects for a given dossier arrangement. Researcher (C.-L. Liu et al.,
2002) have bestowed a show amount concentrator at which point a few practicable classifiers
have happened appropriated for concerning matter collected number acknowledgments.
Investigates have in like conduct shown that the procurement of best of various classes ought
to be resorted to accompanying exceptional idea.

Researcher (Kumar et al., 2019) has bestowed an overview for assertion the traits of non-
Indic and Indic content. In this place review, inventor has extra oversight of fault-finding
troubles/issues for type/analytical statuses acknowledgment. Researcher (D. V. Sharma &
Lehal, 2009) have told a policy for the retaliation of post-confirmation of physically
composed manually and tool-printed Gurmukhi Scanning in of documents foundations.
Researcher (D. V. Sharma et al., 2009) have projected a computation for the removal of the
field frame limit of manually inscribed suffused buildings in Gurmukhi material. Researcher
(D. Sharma & Jhajj, 2010) put away the formulating face for the concerning matter calm
Gurmukhi character concession. Inventor has complicated two classifiers in welcome work,
especially K-NN and SVM. They can meet ultimate scandalous accuracy for the
acknowledgment of 72.5% and 72.0% alone, accompanying k-NN and SVM classifiers.
(Kumar et al., 2013a) have bestowed a clever part distillation approach to confused
concerning matter manually written Gurmukhi figure principles recognition. Additionally
they have presented intelligent part origin actions subject to bend looks for discontinuous
Gurmukhi type affirmation (Kumar, Sharma, et al., 2014). In the table 1 any of the tests has
happened written in which existent facial characteristics and classifiers have existed applied
for portrayal and number assertion.

Table 1: Past connected surveys on acknowledgment of language handwriting

Author Target | Considered Application Model
Script | parameters classifier accuracy
rate (%0)
(Lehal et al., Gurmu | Zoning, local features | Binary decision tree | 97
2001) khi and global features and NN
(Bhowmik et al., Bangla | Stroke MLP 84.3
2004)
(R. John et al., Malaya | Wavelet transform MLP 73.8
2007) lam
(Lajish, 2007) Malaya | Fuzzy zoning Class modular NN 78.9
lam
(Raju, 2008) Malaya | Wavelet MLP 81.3
lam
(Sundaram & Tamil | 2-D PCA global Modifed 83.4
Ramakrishnan, features Mahalanobis
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2008) distance measure

(A. Sharmaet al., | Gurmu | Elastic matching k-Means 87.4

2008) Khi

(Jindal et al., Gurmu | Structural features SVM 925

2008) Khi

(Desai, 2010) Gujarat | Projection profles Feed forward neural | 81.7
i network

(Shanthi & Tamil | Pixel density SVM 82

Duraiswamy,

2010)

(D. Sharma & Gurmu | Zoning SVM 72

Jhajj, 2010) Khi

(Rampalli & Kanna | Transitions, SVM 87.7

Ramakrishnan, da projection profles

2011)

(Kumar et al., Gurmu | Peak extent based SVM 95.6

2013a) khi features

(Kumar, Sharma, | Gurmu | Hierarchical Features | SVM 91.8

etal., 2014) khi

3. Detailed description of Dataset- Devanagari Handwritten Script

For preliminary work consider in this place written examination, we have utilized a
appropriate dataset approachable publically on open-beginning vault temperature. The
considered dataset Devanagari is main for the Brahmic group of essences of Nepal, India,
Tibet, and Cold-Oriental Asia. (Fischer, 2004)(Gaur, 1992) The content is took advantage of
to calm Nepali, Hindi, Marathi and corresponding different languages of Cold and Oriental
The orient. The Nepalese composing foundation opposed from Devanagari handwriting
includes of 12 vowels, 36 base types of consonant, 10 cipher individualities and any
wonderful characters. Spoken personalities are presented in Table 2, consonants types in
Table 3 and digit individualities in Table 4. Furthermore, every one of the 36 sound unit of
speech maybe covered accompanying the vowels creating 12 additional implicit forms each
part of consistent character. Individual specific model for "ta (tabala)" and "dad" is presented
in Table 5.

Table 2: Devanagari vowels accompanying UNICODE

Devanagari Character | 31 | 3T | 3 IS | Y T |3 3 |3 | 3
UNICODE 905 | 906 | 907 | 908 | 909 | 090A | 090F | 910 | 913 | 914 | 911 | 912
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Table 3: Devanagari sound unit of speech with UNICODE

Devanagar | & kE} T 9 S |d E) of o ol <
i

Character

UNICOD | 915 916 |917 |918 919 [091A | 091 [091 |091 |091 |O091F
E B C D E
Devanagar | 3 S [ Yl d Y < Y - g 3

i

Character

UNICOD | 920 921 | 922 |923 924 | 925 926 |927 |928 |092 |092B
E A
Devanagar | § Y H g X o d 0 g g B

i

Character

UNICOD |092C | 092 |092 |092F |930 |932 935 | 936 |937 [938 |939
E D E

CHARAC | & J Eil These three consonants have no specific UNICODE
TER

Table 4: UNICODE of numerals in Devanagari Script

o K R 3 ¥ 4 & v ¢ N
966 967 968 969 096A | 096B | 096C | 096D | 096E 096F

Table 5: Implicit types of consistent "ta (tabala)" and "father” when covered with vowels

d

dl

for

at

d

q

d

d

al

ar

o

d:

q

o]

fa

gt

k!

q

a

i

o

Ll

g

U:

Devanagari Duplicated Integrity Dataset is fashioned by accumulation the assortment of
composed manually Devanagari personalities from differing people from various fields.
Reprinted records are than leaked and trimmed concerning matter for individual types. Each
personality test is 32x32 pixels and the absolute person is met inside 28x28 pixels.
Cushioning of 0 considered 2 pixels is done on each of the four side to form this addition in
picture capacity. The pictures were used dark scale change. From now on the capacity of the
pictures were modified making the guy silver on the dim organization. To make constancy
secret for each individual of the pictures, we stifled the institution to O value pel. Each picture
is a dim scale picture bearing foundation consider as 0.
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Devanagari Inscribed manually Individuality Dataset contains thorough of 92,000 pictures
accompanying 72,000 pictures in consistent datasest and 20,000 pictures in number dataset.
Written manually Devanagari consistent individual dataset measurements is presented in
Table 6 and deciphered Devanagari humber individual dataset insights is presented in Table
7.

Table 6: Consonant Character Dataset

Devanagar | & RE| T ) S El E) of o of c
i

Character
(Class)

Individual | 2,00 | 2,00 | 2,00 | 2,00 [2,00 [2,00 |2,00 |2,00 |2,00 |2,00 |2,00
statistics 0 0 0 0 0 0 0 0 0 0 0

Devanagar | '§ S [} Ul d Y < Y a1 Yy g
i

Character
(Class)

Individual | 2,00 | 2,00 | 2,00 | 2,00 [2,00 [2,00 |2,00 |2,00 |2,00 |2,00 |2,00
statistics 0 0 0 0 0 0 0 0 0 0 0

Devanagar | § Y H g X [§ d R Y g e
i

Character
(Class)

Individual | 2,00 | 2,00 | 2,00 | 2,00 [2,00 [2,00 |2,00 |2,00 |2,00 |2,00 |2,00
statistics 0 0 0 0 0 0 0 0 0 0 0

Devanagar | & J Eil
i
Character
(Class)

Individual | 2,00 | 2,00 | 2,00
statistics 0 0 0

Total 72,000

Table 7: Numeral Dataset

Devanagari Character | o ? R 3 ¥ CY & U ¢ R
(Class)

Individual statistics 966 | 967 | 968 | 969 | 096A | 096B | 096C | 096D | 096E | 096F

Total 20,000
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Researcher (Kumar et al., 2013b) have visualized that despite everything the facial
characteristics, hardly any classifier reliably beats if by virtue of what much beginnings in the
preparation dataset of list offers. In this manner, for the test task, the dossier variety is
isolated exploiting the development dataset imported in Table 8 and the distribute
frameworks explicit for the test dataset.

Table 8: Dataset separating methods

Partitioning strategy Training data Testing data
a 50% 50%

b 60% 40%

c 70% 30%

d 80% 20%

e 90% 10%

f 10-Fold cross validation

The augmenting system f and g present standard k-project cross authorization.
Accompanying entirety taken into report, k-crease cross-authorization is isolated, in a similar
subspace of the thorough basic document file each class. By then, individual subspace is
captured as test dossier and the excess K-1 subdivision is captured as news for fitting. By
cross-approval, each case of dossier age is additionally wonted and this successfully levels
the obvious test dataset.

3.1. Process of important features extraction

The affirmation framework killing is determined containing the feature of ancestry expects a
important part. The fundamental action behind the step of part ancestry is to extricating the
fundamental features form the digitized type picture, which helps in the concession of
accuracy. In the current work, Tightest Surroundings Interpol (NNI) technique has existed
applyied from the very beginning to switch the digitized pictures over entirely to a size of
32x 32. A component heading of 105 parts has existed removed employing an alternate
various leveled process, this part component heading holds evenly and in an upward direction
the top standard focal points (Kumar et al., 2012), slanting components (Kumar et al., 2013a),
and centroid climaxes (Kumar, Jindal, et al., 2014).

3.2. Top degree located feature extraction

Accompanying the utilization concerning this method, focal points have existed separated
accompanying taking everything in mind by means of what much pinnacle standards, that is
fit rationally on the dark speckled pixel alongside each consider domain. The top standards
based involve distillation maybe accepted evenly and in an upward management. In level
component distillation located top scopes model thought about the capacity of those fit
steadily on the dim pixels on a flat composition in each line of a field as how much top scope,
although in the upward focal point extraction located top quality climaxes thought-out how
much those backbone moderate pel sticks upward in each portion of the district.
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Consequently, appropriating this procedure, the customers have accomplished 2n materials
differred accompanying all.

3.3. Strategy for centroid pixel located feature extraction

The centroid pixel located climax distillation pattern depends on the procedure the break-up
the bitmap picture into miscellaneous n departments. From there on out, search the postures
of the pixels at the tighter view of each sector and figure the centroid of these front facing
domain pixels and store the headings of these closely conspicuous pixels as part values.
When differed accompanying the fields that forbiddance have a pixel at the tighter view, take
the part concerning nothing. Exploiting this interplay, the code creator done 2n component
parts each character picture.

3.4. Inclining pixels focal points feature extraction technique

In this place cycle, the engineer has unique the primary dropped exact likeness a person into
the size of settings accompanying relative appraisal. These are highlighted as pixels of each
setting move down the diagonals. All precinct has 2n - 1 inclining and ON close view pixels,
that are enlisted accompanying each corner to corner to receive a alone sub-focal points.
These 2n - 1 substitute-climax regard fall at the center of the state of a unique value and view
at the district as its part. Present, we will contribute to accompanying each model recognized.

4. Randomization of classifiers applied for search tasks
4.1. CNN: Convolutional Neural Network

Convolutional Intelligence Organization in few cases famous as ConvNet is an particular
somewhat numerous hide intellect network design namely ultimate suitable classifier that
depends on the confirmation of the patter accompanying thought deep education.

In 1990, LeCun and Bengio bestowed the feasibility of CNNs (LeCun et al., 1990). This deep
education network model includes neurons that have their unique weight and responsive
tendencies principles. Each neuron gets some dossier, plays mathematical dab article
estimation, and attends it in another way accompanying non-extent of object. The whole
arrangement transmits an alternate class score from the rude picture pixels the different way
towards the class score faithful and disaster efficiency (for instance Softmax) on their last
(completely mixed) tier. CNN is a feed-forward intellect network design that can detach the
topological properties of a picture and discover ruling class accompanying enhancement for
back-conception computation. The power encounter plan accompanying incredible
vacillation, (exemplification, concerning matter calm characters). A class drawing of the
CNN depiction estimations for affirmation as pictorial in Figure 1.
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Fully-connected (F2)
Neural Network
Handwritten Devanagari Max_Pooling (2x2) F . . .
Character Input images Feature maps 14x14 Max_Pooling (2%2) Gwith dropout)
size 32x32 Feature maps 5x5
! ' —A @ O~
® Oc<
. @ O
o -
: o :
4
AR K
;V_j H—/ )
Conv_1 Conv_2 .
Convolution (5%5) kernel Convolution 5%5 kemel Output
Feature maps 28x28 Feature maps 10x10 — (_J P

Fully-connected (F1) ...
Neural Network
ReLU activation

Figure 1: The block chart of Convolutional Neural Network
4.2. Detailed description of CNN model layers

The model design of CNN utilizes a arrangement of tiers and each coating of CNN changes
amounts usually through miscellaneous wherewithal. There are three meaningful sorts of
coatings to plan the CNN model planning, that amount to the convolutional tier, the pooling
tier, and the entirely befriended coating. These tiers represent as follows;

e Convolutional tier is the middle building block of CNN model that form most of
computational work really troublesome work.

e The following layer is the combining coating that is set betwixt the liberal
convolutional coating of CNN model. Its volume search out authority decrease the
geographical content of the delineation to belittle the bulk of limits and estimations in
the friendship, and over-fit control also. The combining coating works alone on each
wisdom cut of the facts dossier and shapes it spatially, applying most extreme
evolution.

e In the completely joined tier, neurons have a total friendship accompanying all actions
earlier layer. Authorization details of these coatings maybe treated taking advantage
of the framework increase plan understood by taking advantage of an slant
compensate.

Any of the designs are open, that assistants during the functioning arrangement of CNN's
model. These designs in this manner;

e LeNet form was first indeed exploited with the CNNs design all the while the 1990s
by LeCun and Bengio and ultimate legendary is the (LeCun et al., 1998) architecture
that was exploited for postal locale, numerals, etc.

e In AlexNet construction PC Apparition is the essential work boosting the
Convolutional Arrangement that was Alexnet (Krizhevsky et al., 2017). AlexNet was
made acquainted for the ImageNet ILSVRC challenge in 2012 and it was second
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generally person who inherits possessions (top 5 mistake estimations of 16%
accompanying 26% bobble accompanying oddity accompanying the runner).

e ZFNet construction ILSVRC 2013 champ was a Convolutional arrangement of
Matthew Zeiler and Loot Fergus popular as ZFNet (Zeiler & Fergus, 2014). This was
an bettering for AlexNet, particularly by changing the plan, energetic-edges, by
extending the intensity of the bureaucracy place layers and making the resources and
channel sizes.

e GoogleNet makeup ILSVRC 2014 was a convolutional network from (Szegedy et al.,
2015) from Google. Allure rule trustworthiness was an bettering of a beginning piece
that belittled the batch of limits in the friendship (60M to 4M alternatively AlexNet).

e VGGNet makeup ILSVRC was the association of Vine Simonyan and Zisserman in
2014 famous as VGGNet (Simonyan & Zisserman, 2014). Allure important
accountability was in presenting that association potential is a main piece of amazing
Killing.

e ResNet form is the decreased form of Remaining Arrangement processed by (He et
al., 2016) was person engaged in private ownership of business of ILSVRC 2015.
Allure physiognomy incorporate a exceptional miss connection and the important
exercise of bunch normalization. The ResNet configuration is similarly gone entirely
mixed tiers towards the finishing of the association.

It has happened visualized that overwhelming measure of tellings and studies have existed
introduced into the field of example realization taking advantage of a convolutional intellect
arranging. Instance, (Yuan et al., 2012) have carried out CNN to discontinuous concerning
matter reprinted English report sets acceptance and resort to a changed LeNet-5 CNN model.
Researcher (C. Liu et al., 2013) projected a model taking everything in mind the agreement
novelty accompanying a combination of CNN and Contingent Uneven Fields (CRF) for the
travel model. CNN model is handled as a open to instruction geopolitics sensitive moderate
element extractor and CRF is made to exhibit confidence middle from two points types.
Researcher (Anil et al., 2015) have exploited LeNet-5, CNN for acknowledgment of
Malayalam individualities resorting to the slope located knowledge model and the back-
begetting forecast. Wu et al. (2014) projected a concerning matter inscribed manually
Pertaining to the orient body acknowledgment process that revolved around on the
Unwinding located Convolutional Mind Arranging (R-CNN) and the In another way
Prepared Unwinding Convolutional Intellect Arranging (ATR-CNN) design. In the right test
work projected model have handled CNN's LeNet (the main effective exercise of Spiral
Arrangements) for the deliberate content depiction with the failing student rate = 0.2, fix
magnitude = 3 x 3, breadth of the pool, and the time of the pool. CNN has cought the after
second situation between the very six Al governed education estimates for alert the manually
written personality and numerical features that deliberate in the continuous work canvassed in
the paper.
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4.2. Decision Tree Algorithm

Differing portrayals of dossier are took advantage of by preparation and computing era of the
decision tree to refine the extremely bordered choice. The dicision tree has logo hubs and
each leaf center is inclined to a unique class. A decision sapling is a in a way governed
computer located understanding judgment place dossier is with determination isolated by
clear limit barriers. The block chart of the decision shrub located depiction for unaffected
product composition orders is received in Figure 2.

Decision Node _—)Root Node

T T # _____ > Vl'

| Sub-Tree
|

Decision Node

l
v v

Decision Node

! I
v v

_— e = — — — —

Leaf Node Leaf Node Leaf Node Decision Node
N e e e e e e e |
Leaf Node Leaf Node

Figure 2: The block outline of classification with decision tree method

Decision tree located classifier composed the progress of test environments and assets in the
design of a wood. Inside the growing arrangement of choice tree, the root and within centers
have characteristic test environments to disengage records accompanying miscellaneous
properties. All terminal centers are named the marks of class, either decision or right to
decide representation. Later the bettering of the choice seedling, the gathering of test records
starts at the root centers and later applies the test environments to the record and attends the
correct arm reliant upon the result of the analysis. This manifests either additional interior
centers at the focal point which another test condition applies, or a leaf center. Accurately
when the leaf center is attained, the class name having connection with the leaf center is
permitted expected written. An ideal resolution is the important issue in the composition of
the timber structure for the choice timber. Various beneficial estimations have existed settled
on to build a sensible exact conclusion sapling in a moderate fraction of time. These
estimations usually appropriate a greedy phase that evolves a choice tree at the progress of
confidentially adored conclusions about that kind to use to divide the news into a clear habit.
Exemplification, Chase's, ID3, C4.5, Truck, Run are the forecasts of the asking choice tree.
The choice timber judgment is hide in this place part to create results and related work of
models taking everything in mind choice that can see the life design. As an drawing physicist
(Amin & Singh, 1998) have presented additional phase for the acceptance of duplicated
Pertaining to the orient postcards utilizing an Al form e.g. vital wood/C4.5. Researcher
(Sastry et al., 2010) have projected a system for distinctive and asking Telugu personalities or
freed from it touch leaves employing the design of choice tree approach. Researcher
(Ramanan et al., 2015) projected a bright choice timber approach for alert the impressed
Tamil person resorting to the combination of Matched Non-recurrent Drawing (DAG) and the
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Uneven Choice Seedling (UDT) classifiers. As per a nearby appraisal of the various order
policies that are bestowed in this place paper for perceiving the guy and numerical value, the
choice forest was put having five of something best out of six productive in trained education
forecasts for alert the character and mathematical kinds.

4.3. Description of k-nearest neighbor (k-NN) classification

k-NN is supposed as a sluggish knowledge calculation of order that designates the dataset
dependent upon their duplication accompanying neighbors. In this place k addresses the size
of things form the dataset that thought-out for order. A case is systematized by a important
part vote of allure neighbors, the case is doled out for the class, that is approximated to the
facility of the distance incessantly betwixt allure closest neighbors. For the position that k =
1, before expected time the case is hope of as just to the class of allure tightest neighbor.
Mainly, Euclidean distances are utilized to discover about the distance ‘tween cancel
component headings and the favorite climax vectors in the estimate of k-tightest neighbor.
The block outline of the K-NN classifier is imported in Figure 3.

Class A
o ClassB

Unknown

class

Figure 3: A block diagram of the k-NN located description method
For the thought-out kinds in the dataset,
A =Xx1,X5,X3,...Xg (D

In equation (1) d address the dataset facet, place we be going to predict the worth of the
equating composition bunch

G =Yy1,Y2Y3 - Yn (2)

For one exercise of joining measurements on k belongings accompanying d facets that are
imitated apiece nearness of association accompanying the best objective that X € RP, and
Y € G.

First we select best choice gauge of k by evaluating the dossier. At the point when entirety is
met, a monstrous k value is more exact taking everything in mind the case that it is
continually diminished at this point skilled is no validation. Cross-authorization is additional
habit to handle fixing a neat k go-getter promoting a free dataset to authorize the value of k.
Researcher (Rathi et al., 2012) proposed a pattern for directing the confirmation of confused
Devanagari Inscribed by hand vowels by methods for the k-NN classifier and meet the pace
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of recognition 96.1% supposed. Researcher (Rashad & Semary, 2014) have projected a
foundation for the impressed Arabic character realization by taking advantage of k-NN , and
the Uneven Forest classifier. Researcher (Hazra et al., 2017) have introduced an drawing of
recognition by resorting to k-NN to conceive manually composed or impressed text.
Researcher (Elakkiya et al., 2017) have fashioned a foundation to disconnect concerning
matter calm Tamil person assertion appropriating k-NN. The arrangement accompanying k-
NN is a methods for coordinating the personalities and analytical kinds guide preparation that
includes tests including eagerness. This classifier was stuck one of four equal parts between
the six particular computation of description of the acknowledgment for individualities and
analytical values that hide in this place paper accompanying definite amends.

4.4. Description of Naive Bayes Classification technique

The naive base (G. H. John & Langley, 2013) classifier is a principal method accompanying
unusually clear meaning inclined to a piece of probabilistic dossier. This classifier is essential
or responsible accompanying elementary and fundamental incredulity. It is rational that in the
deliberate class, the type of the show is severely autonomous. Also, the conjecture era isn't
jolted by some cover or dormant characteristics. The Harmless Bayes classifier is an
assemblage of probabilistic computations that imposes upon the prospect speculation and
Bayes risk gauging the description of a case. This is exceptionally fit when the range of the
data is extreme. This order estimation is reasonable, indicating that it recognizes the trend of
each class for the likely model, and following infers the composition accompanying ultimate
extraordinary tendency. These probabilities can be joining resorting to Bayes guess that
mirrors the likelihood of a component, seeing earlier dossier established conditions that
maybe had connection with that feature. The Truthful Bayes classifier trusts that not all looks
are related to each one. The appearance or the deficit of any doesn't influence the demeanor
or non-presence of another component. It in addition understands that all components are
likely equivalent weight or importance. This process stuck 6th with the six order methods for
the realization of inscribed manually integrities and mathematical features consider in this
place test.

4.5. Description of Random forest classification technique

The design is famous as the Random Forest (RF) order method that assemblage
accompanying the controlled knowledge procedures. The over-fitting of the wandering
choice wood disposes of accompanying the dictatorial backwoods action. The choice timber
classifier is employed to sort various sub-incidents of the dataset. A metadata judgment that
fits the portion of forest classifiers popular for such a plan is famous as an uneven forest. The
block chart of the uneven backwoods classifier has exposed in figure 4 that appropriates an
uneven forest normal that serves to over fit concerning feelings and intuition precision and
control. Dictatorial woods is exactly murky in additional immediately controlled knowledge
forethought for variety and run efficiently over mammoth datasets (Breiman, 2001). The
irregular forest classifier frames plenty timbers of choice from a accompanying no obvious
end aim in mind chosen subgroup of the preparation set. It adds until the votes from
miscellaneous conclusion seedlings to pick the last class of test object by then. Therefore
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repeated, dictatorial forest can administer weight contemplations to consider the slowed
results of some tree of choice. A forest accompanying a taller lack rate is given a lower
pressure consider and with the order reversed about. This will make leaning impact of
saplings accompanying reduced defect rates. An irregular forests classifier can have the filled
number of forests to transfer its essential limits and select smallest-distribute horizons, for
instance, tree-connected limits and in this place way seedling-coordinated classifier
{h (x,0k), contains a classificationof k = 1,2,3,...}, place Ok are freely, obliquely
arbitrary forest are cultivated, and each wood favors individual part for the last request of
information x. Additionally Truck, Uneven Forests takes advantage of a G;,,; record to choose
the last class of each timber. The G;,; of center contaminant is mainly useful for depiction
type issues.

X dataset

— T

N, features N, features N, features N, features
@ @ @ @

O @ @] @ O Q O @]
O O @ O O O o o O @ O O o 0O @ O
TREE #1 TREE #2 TREE #3 TREE #4
I I | J
I
‘ MAJORITY VOTING |
|
‘ FINAL CLASS ‘

Figure 4: A block outline of random forests classifier

Researcher (Homenda & Lesinski, 2011) have comprehensive an examination on the
adequacy of differing classifiers by way of promoted miscellaneous methodologies. Their
preliminary consequences advise that dictatorial woods classifiers supply upgraded results
when diverged from miscellaneous orders. (Zahedi & Eslami, 2012) have researched the
exercise of uneven forest classifiers engaged of Persian travel character reproduction.
(Cordella et al., 2014) have projected a test test of irregular forest classifier confidence in
transcode figure assertion, handling two genuine experience datasets, definitely the NIST and
PD datasets. (Amrouch et al., 2012) have bestowed an arrangement of custom-built
recognition of Amazigh individualities including irregular forest change for photographs got
by camcorder collected contact. Between highest in rank six computations deliberate in this
place paper is the most fitting order game plan for depiction and number affirmation. The
arbitrary forest classifier executes best choice affirmation exactness taking everything in
mind the habit that, first; it favors the valuable part to the scheme. This is at the point that
gathers trees liable to be subjected colossal visage and favor timbers above various trees that
believe focal points.
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4.6. Description of Support vector machine (SVM) classification technique

The SVM is a machine inclining approach consider under controlled knowledge computation
for orchestrating two together straight and non-direct dossier. It maps substantiated dossier
into enormous estimations from what or which place it can identify a energetic-plane for the
breach of data employing fundamental readiness tests named help heading. A block diagram
of SVM classifiers shows up in the figure 5. The energetic-plane is a "limit of choice" that
understands individual class from another (Han et al., 2011). Highlighting support headings
and edge-compelled classifier, SVM pursues the energetic-plane. In this work, the creators
have thought-out SVM a straight part, definitely the direct SVM, and the RBF bit
accompanying SVM, specifically for depiction in RBF-SVM. The piece edge for RBF-SVM
is concept expected and y= 0.01, and ¢ = 1. The sporadic state regard is captured as nothing
of all two portions (straight SVM and RBF-SVM). Straight SVM satisfied the last alternative
condition and RBF-SVM stuck most terrible accompanying thought about everybody of the
six executed education estimate for acknowledgment of Devanagari Manually inscribed
individualities and number conditions acknowledgment in this place work.

@A Maximum

Margin Positive
¢ Hyperplane
Maximum / *

Margin
Hyperplane

Support
Vectors

r°

Figure 5: The block diagram Support Vector Machine (SVM) classifier

Negative Hyperplane

5. System Performance Metrics

The demonstration of classifiers about particular killing estimations, for example, model
readiness test intensity, accuracy of the confirmation, misleading concession rate, counterfeit
release rate, and the domain under-recipient occupied kinds (AuROC) bends has happened
determined. The counterfeit acknowledgment rate addresses the capacity of the probability
that the assertion structure will inaccurately encounter the test news dataset. The counterfeit
recognition rate feeds to the scope of false confirmatory numbers apiece categorical number
of stirred up models, as calculated out in condition in this manner.

Wrongly accepted samples
False Acceptance Rate = Chtd p p

Total number of wrong samples
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Also, bogus release rate is the bulk of the trend that the affirmation structure will wrongly
pardon the test facts, is made in the position as follows;

Wrongly rejected samples

False Rejection Rate =
] Total number of correct samples

The prevailing partnership betwixt misleading recognition rate and counterfeit release rate

has arrived in figure 6.

False Rejection Rate
|

False Acceptance Rate

Percentage

Accuracy

Figure 6: Common relationship between False Acceptance Rate and False Rejection Rate

The bend of domain under hobbyist occupied qualities (AuROC) is resorted to in plan
examining to find that secondhand models best predict classes. The classifier considered in
this place task is decided out accompanying a variable number of tests as described in Table
8. We have bestowed a arrangement rhythmical of these classifiers, taking a glance event it
takes to draw the model (Table 9). The precision of the acknowledgment took employing the
indicated order processes considered in this place work that are discussed in Table 10.

Table 9: Thorough opportunity complicated to work to preparing the model (in second)

Classification technique Data set partitioning strategy
a b c d e f

CNN 1764.65 | 1104.34 | 1117.92 | 1067.41 | 122491 |1124.13
Decision tree 8.48 7.14 7.05 7.13 7.04 7.02
k-NN 0.01 0.01 0.01 0.01 0.01 0.01
SVM 30.93 33.89 34.41 28.46 33.96 30.32
Naive Bayes 0.28 0.29 0.31 0.29 0.28 0.3
Random forest 30.34 32.24 29.44 32.08 31.56 29.13

6. Results of the tests and Discussion

This division covers the consequences brought under the study, with the certain model review
that are Convolutional Intelligence Arranging (CNN), Choice Sapling, k-NN, SVM, Guileless
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Bayes, and Uneven Forests classifier. A dataset of 92,000 models has existed thought-out for
query items (72,000 pictures in agreeing/integrity datasets and 20,000 cipher value dataset)
for query articles. The constructors have involved a changeable number of tests as a indeed
examine in the table to resolve six classes. The time captured to start the projected model is
received in Table 9. As displayed in Table 9, individual can visualize that k-NN classifier is
attractive the slightest time when assorted and miscellaneous classifiers for model
arrangement.

Table 10: Accuracy of acknowledgment skillful handling the classifiers

e . Data set partitioning strategies (in %)
Classification technique : 5 C r £ -
CNN 70.98 72.1 73.2 75 75.2 73.7
Decision tree 64.19 65.6 68.3 69.1 70.6 68.8
k-NN 67.95 70.5 71.9 73.7 73.8 74.01
SVM 78.87 80.7 82 81.1 82 81.98
Naive Bayes 62.71 63.6 64.8 65.1 65.9 64.11
Random forest 84.14 86.11 85.8 87.1 88.12 86.21

Table 10 bestowed the accuracy of the affirmation that played out that composition
accompanying Devanagari Manually inscribed integrities and mathematical kinds. The
accuracy of concession done with miscellaneous classifiers is just namely defined in Figure 7.
In Table 10 and Figure 7 it is portrayed, that the accuracy of recognition is
87.9%,82.5%,75.4%,74.7%,70.7%,and 66.3% accompanying Dictatorial Forest, SVM, CNN,
K-NN, Choice Tree, and Naive Bayes individually have existed done independently
accompanying the classifier.

100
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Decision Tree
k-NN

SVM

Naive Bayes
Random Forest

rttdtd

80 4 -
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Figure 7: Precision of concession make use of utilizing determined description
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Table 11: Driven importance of false acceptance rate for various classifiers
e . . Data set partitioning strategies
Classification technique a(%) b(%) &%) a0%) (%) %)
CNN 0.7 0.7 0.7 0.7 0.6 0.6
Decision tree 0.9 0.8 0.8 0.7 0.7 0.8
K-NN 0.8 0.7 0.7 0.6 0.6 0.7
SVM 0.5 0.5 0.4 0.5 0.4 0.5
Naive Bayes 0.8 0.8 0.8 0.8 0.8 0.8
Random forest 0.5 0.5 0.4 0.4 0.4 0.4
Table 12: Persistent results of false rejection rate for various classifiers
e . . Data set partitioning strategies
Classification technique %) b(%) %) a0%) o) %)
CNN 28.1 27.9 26.8 25 24.9 25.4
Decision tree 36.1 34.4 31.7 30.9 29.4 30.8
k-NN 31.9 29.5 28.1 26.3 26.2 26.5
SVM 21 19.3 18 18.9 18 18
Naive Bayes 36.3 36.5 36.3 354 37.1 35.3
Random forest 16.7 14.9 134 13.2 12.8 12.9

Table 13: Belief aftereffects of area under receiver operating characteristics (AuROC) bend

for various orders

e : Data set partitioning strategies

Classification technique 5 P g g N c ; . 7
CNN 0.93 2.98 2.98 2.98 2.98 3.98
Decision tree 0.834 2'84 2'85 2'85 (1)'87 2’86
K-NN 0.844 2.85 2.86 2.87 (7).87 2.87
SVM 0.892 (;.90 2.90 2.90 2.90 2.90
Naive Bayes 2'96 0.97 2'97 0.97 2'97 8'96
Random 0.99 1099 |0.99 [0.99 |0.99 |0.99
forest 3 4 4 4 4 5
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Figure 8: False Acceptance Rate test accompanying various classifiers
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Figure 9: False Rejection Rate performance accompanying various classifiers
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Figure 10: AuROC curve investigation accompanying various classifiers
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The deceptive realization rate and counterfeit dismissal rate, and AUROC appraisals of the six
classifiers deliberate in this place work are presented in Tables 11, 12, and 13 and defined in
figure 8, 9, and 10, separately.

In additionally this paper covers the results of guess that possibly the most mainly
appropriated disaster everything that presents the mean squared mistake (MSE) for all
classifiers thought-out in this place test, that would have persistent the square of the reverse
between the honest value and the sane value. The MSE evaluations of the six classifiers that
considered in this place work are particularly represented in Table 14 and presented in Figure
11 separately.
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Figure 11: Treated significance of Mean Squared error accompanying different classifiers

Table 14: Belief results of mean square error (MSE) for the various classifiers

Classification technique Data set partitioning strategies
a b C d e f
CNN 0.0094 |0.0091 |0.0091 |0.0088 |0.0086 | 0.0087
Decision tree 0.0144 |0.0138 |0.0127 |0.0125 |0.0118 |0.0124
K-NN 0.0144 |0.0133 |0.0126 |0.0118 |0.0118 | 0.0119
SVM 0.0095 | 0.0087 |0.0081 |0.0085 |0.0081 | 0.0081
Naive Bayes 0.0151 |0.0152 |0.015 0.0148 | 0.0155 | 0.0147
Random forest 0.0085 | 0.008 0.0078 | 0.0076 | 0.0076 |0.0074

Antagonistic the outcomes dependent upon the accuracy of confirmation, we can visualize
that the precision of assertion for one uneven forest classifier is more exact than the different
classifiers consider in this place work. Also, the counterfeit acknowledgment rate and
deceptive release rate, AUROC, and MSE appraisals of the Uneven Forest classifier are also
imitated as Tables 10, 11, 12, and 13. Uneven forests classifier used for individual
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acknowledgment climaxes accompanying 10-Crease cross-authorization order is portrayed in
Table 14. These climaxes are superior exhibitions for the Devanagari Deciphered figure and
mathematical features acknowledgment. (Sundaram & Ramakrishnan, 2008) These materials
are additionally significant for an off-course variety of fabrics that are fundamentally like
Devanagari Manually composed handwriting. As represented in Table 15, precision of
acknowledgment is received, accompanying an affirmation accuracy of 87.9%, bogus
confirmation pace of 0.4%, and confusing release pace of 12.0%.

Table 15: Test of execution appraisal on account of the unique focal points with the
dictatorial forest classifier

Features Accuracy of Traini | False False AuRO | MSE
Recognition ng Acceptance Rejectio | C
(%) time Rate (%) n Rate
(%)
Horizontally | 85.7 22.2 0.6 13.7 0.977 | 0.008
peak extent 2
Vertically 84.9 22.8 0.5 14.6 0.955 | 0.008
peak extent 1
Diagonal 79.8 26.2 0.7 19.5 0.99 0.008
8
Centroid 76.5 24.8 0.6 22.9 0.994 |0.008
7
Hybrid 87.9 33.2 0.4 12 0.995 |0.007
methodology 6

7. Observational Conclusion

To form strong applications under record evaluation and the concession interplay, any
headings and elective selections have existed promoted that are used to choosing or divorcing
the climaxes, and unwind approaches to work on the accuracy for assertion. Various
examiners have projected for include distillation or choice methods and the equating methods
for various fabrics. The basic aim concerning this paper is to close resolve the classifiers for
Devanagari Reprinted figures and analytical qualities admission. This test gives sane methods
towards order techniques for dataset test and affirmation in Devanagari Manually composed
handwriting material. It alludes here that by increasing the height of the eagerness dataset, the
request is exact and accompanying huge upgrades. The creators have chosen seven classifiers
for type and examining acknowledgment in this place work, definitely, Convolutional Mind
Arrangement (CNN), Choice Tree, k-NN, SVM, Trusting Bayes, and Uneven Forest. These
classifiers demand moderate memory room and computation cost and gives a brightly
extreme exactness. Seeing the distinctness of the effects dependent upon precision of
affirmation, counterfeit concession rate, deceptive dismissal rate, AUROC and MSE, the
critics proverb that the Uneven Forest classifier is acting such that Devanagari Reprinted
figure and analytical admission Better than discrete classifiers. Investigators ability take the
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new course of giving a bright part distillation and order technique bestowing greater veracity
rates. Individual can moreover find methods for bringing into harmony and advocating for
request judgment to guarantee that weighty skill achieved't occur to repair the set and wreck

the

bigger precision of confirmation.

References

1.

10.

11.
12.
13.
14.

15.

Amin, A., & Singh, S. (1998). Recognition of hand-printed Chinese characters using
decision trees/machine learning C4. 5 system. Pattern Analysis and Applications, 1(2),
130-141.

Amrouch, M., Es-Saady, Y., Rachidi, A., El Yassa, M., & Mammass, D. (2012).
Handwritten amazigh character recognition system based on continuous hmms and
directional features. International Journal of Modern Engineering Research, 2(2), 436—
441.

Anil, R., Manjusha, K., Kumar, S. S., & Soman, K. P. (2015). Convolutional neural
networks for the recognition of Malayalam characters. Proceedings of the 3rd
International Conference on Frontiers of Intelligent Computing: Theory and Applications
(FICTA) 2014, 493-500.

Bhowmik, T. K., Bhattacharya, U., & Parui, S. K. (2004). Recognition of Bangla
handwritten characters using an MLP classifier based on stroke features. International
Conference on Neural Information Processing, 814-8109.

Blue, J. L., Candela, G. T., Grother, P. J., Chellappa, R., & Wilson, C. L. (1994).
Evaluation of pattern classifiers for fingerprint and OCR applications. Pattern
Recognition, 27(4), 485-501.

Breiman, L. (2001). Random forests. Machine Learning, 45(1), 5-32.

Cordella, L. P., De Stefano, C., Fontanella, F., & Di Freca, A. S. (2014). Random forest
for reliable pre-classification of handwritten characters. 2014 22nd International
Conference on Pattern Recognition, 1319-1324.

Desai, A. A. (2010). Gujarati handwritten numeral optical character reorganization
through neural network. Pattern Recognition, 43(7), 2582—-2589.

Dietterich, T. G. (1998). Approximate statistical tests for comparing supervised
classification learning algorithms. Neural Computation, 10(7), 1895-1923.

Elakkiya, V., Muthumani, 1., & Jegajothi, M. (2017). Tamil text recognition using KNN
classifier. Advances in Natural and Applied Sciences, 11(7), 41-46.

Fischer, S. R. (2004). History of Writing (pp. 34-40). London: Reaktion Books.

Gaur, A. (1992). A history of writing. British library London, UK.

Han, J., Pei, J., & Kamber, M. (2011). Data mining: concepts and techniques. Elsevier.
Hazra, T. K., Singh, D. P., & Daga, N. (2017). Optical character recognition using KNN
on custom image dataset. 2017 8th Annual Industrial Automation and Electromechanical
Engineering Conference (IEMECON), 110-114.

He, K., Zhang, X., Ren, S., & Sun, J. (2016). Deep residual learning for image
recognition. Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition, 770-778.

Vol. 71 No. 4 (2022) 2539
http://philstat.org.ph


http://philstat.org.ph/

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

Homenda, W., & Lesinski, W. (2011). Features selection in character recognition with
random forest classifier. International Conference on Computational Collective
Intelligence, 93-102.

Huang, J., Lu, J., & Ling, C. X. (2003). Comparing naive Bayes, decision trees, and
SVM with AUC and accuracy. Third IEEE International Conference on Data Mining,
553-556.

Jain, A. K., Duin, R. P. W., & Mao, J. (2000). Statistical pattern recognition: A review.
IEEE Transactions on Pattern Analysis and Machine Intelligence, 22(1), 4-37.

Jeong, S. W., Kim, S. H., & Cho, W. H. (1999). Performance comparison of statistical
and neural network classifiers in handwritten digits recognition. Advances in
Handwriting Recognition, World Scientific, Singapore, 406-415.

Jindal, M. K., Sharma, R. K., & Lehal, G. S. (2008). Structural features for recognizing
degraded printed Gurmukhi script. Fifth International Conference on Information
Technology: New Generations (Itng 2008), 668-673.

John, G. H., & Langley, P. (2013). Estimating continuous distributions in Bayesian
classifiers. ArXiv Preprint ArXiv:1302.4964.

John, R., Raju, G., & Guru, D. S. (2007). 1D wavelet transform of projection profiles for
isolated handwritten Malayalam character recognition. International Conference on
Computational Intelligence and Multimedia Applications (ICCIMA 2007), 2, 481-485.
Kim, Y. S. (2008). Comparison of the decision tree, artificial neural network, and linear
regression methods based on the number and types of independent variables and sample
size. Expert Systems with Applications, 34(2), 1227-1234.

Krizhevsky, A., Sutskever, I., & Hinton, G. E. (2017). Imagenet classification with deep
convolutional neural networks. Communications of the ACM, 60(6), 84—90.

Kumar, M., Jindal, M. K., & Sharma, R. K. (2014). A novel hierarchical technique for
offline handwritten Gurmukhi character recognition. National Academy Science Letters,
37(6), 567-572.

Kumar, M., Jindal, M. K., Sharma, R. K., & Jindal, S. R. (2019). Character and numeral
recognition for non-Indic and Indic scripts: a survey. Artificial Intelligence Review,
52(4), 2235-2261.

Kumar, M., Sharma, R. K., & Jindal, M. K. (2013a). A novel feature extraction
technique for offline handwritten Gurmukhi character recognition. IETE Journal of
Research, 59(6), 687—691.

Kumar, M., Sharma, R. K., & Jindal, M. K. (2013b). Size of training set vis-a-vis
recognition accuracy of handwritten character recognition system. Journal of Emerging
Technologies in Web Intelligence, 5(4), 380-385.

Kumar, M., Sharma, R. K., & Jindal, M. K. (2014). Efficient feature extraction
techniques for offline handwritten Gurmukhi character recognition. National Academy
Science Letters, 37(4), 381-391.

Kumar, M., Sharma, R. K., & Jindal, M. K. (2012). Offline handwritten gurmukhi
character recognition: Study of different feature-classifier combinations. Proceeding of
the Workshop on Document Analysis and Recognition, 94-99.

Lajish, V. L. (2007). Handwritten character recognition using perceptual fuzzy-zoning

Vol. 71 No. 4 (2022) 2540
http://philstat.org.ph


http://philstat.org.ph/

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

and class modular neural networks. 2007 Innovations in Information Technologies (11T),
188-192.

LeCun, Y., Boser, B. E., Denker, J. S., Henderson, D., Howard, R. E., Hubbard, W. E., &
Jackel, L. D. (1990). Handwritten digit recognition with a back-propagation network.
Advances in Neural Information Processing Systems, 396-404.

LeCun, Y., Bottou, L., Bengio, Y., & Haffner, P. (1998). Gradient-based learning applied
to document recognition. Proceedings of the IEEE, 86(11), 2278-2324.

Lee, D.-S. (1993). Handprinted digit recognition. A comparison of algorithms.
Proceedings of the Third International Workshop on Frontiers in Handwriting
Recognition, 153-164.

Lehal, G. S., Singh, C., & Lehal, R. (2001). A shape based post processor for Gurmukhi
OCR. Proceedings of Sixth International Conference on Document Analysis and
Recognition, 1105-11009.

Liu, C.-L., Sako, H., & Fujisawa, H. (2002). Performance evaluation of pattern
classifiers for handwritten character recognition. International Journal on Document
Analysis and Recognition, 4(3), 191-204.

Liu, C., Liu, J,, Yu, F., Huang, Y., & Chen, J. (2013). Handwritten character recognition
with sequential convolutional neural network. 2013 International Conference on Machine
Learning and Cybernetics, 1, 291-296.

Raju, G. (2008). Wavelet transform and projection profiles in handwritten character
recognition-A performance analysis. 2008 16th International Conference on Advanced
Computing and Communications, 309-314.

Ramanan, M., Ramanan, A., & Charles, E. Y. A. (2015). A hybrid decision tree for
printed Tamil character recognition using SVMs. 2015 Fifteenth International
Conference on Advances in ICT for Emerging Regions (ICTer), 176-181.

Rampalli, R., & Ramakrishnan, A. G. (2011). Fusion of Complementary Online and O
ine Strategies for Recognition of Handwritten Kannada Characters. Journal of Universal
Computer Science, 17(1), 81-93.

Rashad, M., & Semary, N. A. (2014). Isolated printed Arabic character recognition using
KNN and random forest tree classifiers. International Conference on Advanced Machine
Learning Technologies and Applications, 11-17.

Rathi, R., Pandey, R. K., Jangid, M., & Chaturvedi, V. (2012). Offline handwritten
Devanagari vowels recognition using KNN classifier. International Journal of Computer
Applications, 49(23).

Sastry, P. N., Krishnan, R., & Ram, B. V. S. (2010). Classification and identification of
Telugu handwritten characters extracted from palm leaves using decision tree approach.
J. Applied Engn. Sci, 5(3), 22-32.

Shanthi, N., & Duraiswamy, K. (2010). A novel SVM-based handwritten Tamil
character recognition system. Pattern Analysis and Applications, 13(2), 173-180.
Sharma, A., Kumar, R., & Sharma, R. K. (2008). Online handwritten Gurmukhi
character recognition using elastic matching. 2008 Congress on Image and Signal
Processing, 2, 391-396.

Sharma, D., & Jhajj, P. (2010). Recognition of isolated handwritten characters in

Vol. 71 No. 4 (2022) 2541
http://philstat.org.ph


http://philstat.org.ph/

47.

48.

49,

50.

o1,

52.

53.

54,

55.

56.

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

Gurmukhi script. International Journal of Computer Applications, 4(8), 9-17.

Sharma, D. V., & Lehal, G. S. (2009). Form field frame boundary removal for form
processing system in Gurmukhi script. 2009 10th International Conference on Document
Analysis and Recognition, 256-260.

Sharma, D. V., Lehal, G. S., & Mehta, S. (2009). Shape encoded post processing of
Gurmukhi OCR. 2009 10th International Conference on Document Analysis and
Recognition, 788-792.

Simonyan, K., & Zisserman, A. (2014). Very deep convolutional networks for large-
scale image recognition. ArXiv Preprint ArXiv:1409.1556.

Srikantan, J. F. G., & Srihari, S. (1994). Handprinted character/digit recognition using a
multiple feature/resolution philosophy. Proceedings of International Workshop Frontiers
in Handwriting Recognition, 57—66.

Sundaram, S., & Ramakrishnan, A. G. (2008). Two dimensional principal component
analysis for online character recognition. Proceedings of 11 Th International Conference
on Frontiers in Handwriting Recognition (ICFHR), 88-94.

Szegedy, C., Liu, W., Jia, Y., Sermanet, P., Reed, S., Anguelov, D., Erhan, D.,
Vanhoucke, V., & Rabinovich, A. (2015). Going deeper with convolutions. Proceedings
of the IEEE Conference on Computer Vision and Pattern Recognition, 1-9.

Yuan, A., Bai, G., Jiao, L., & Liu, Y. (2012). Offline handwritten English character
recognition based on convolutional neural network. 2012 10th IAPR International
Workshop on Document Analysis Systems, 125-129.

Zahedi, M., & Eslami, S. (2012). Improvement of random forest classifier through
localization of persian handwritten OCR. ACEEE Int. J. Inf. Technol, 1(2), 31-36.
Zeiler, M. D., & Fergus, R. (2014). Visualizing and understanding convolutional
networks. European Conference on Computer Vision, 818-833.

Zhu, X., Shi, Y., & Wang, S. (1999). A new distinguishing algorithm of connected
character image based on Fourier transform. Proceedings of the Fifth International
Conference on Document Analysis and Recognition. ICDAR’99 (Cat. No. PR00318),
788-791.

Vol. 71 No. 4 (2022) 2542
http://philstat.org.ph


http://philstat.org.ph/

