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     Abstract: Online handwriting recognition or character 
recognition is the process in which a handwritten message is 
recognized by processing the handwritten data. It is the way 
toward changing over manually written characters to machine 
design. In penmanship, the strokes are made out of two arrange 
follows in the middle of pen down and pen up marks. Wide scope 
of highlights is extricated to play out thse acknowledgment. A 
complete internet hand-written recognition system for Indian 
language such as Telugu that addresses the ambiguities in 
separation just as recognition of buttons the recognition relies on  
conceptual model of penmanship structure joined with either a 
prejudicial model for stroke command. Such a methodology be 
able to flawlessly incorporate language and content data in the 
reproductive model then manage comparative and 
non-comparable strokes utilizing the single discriminative stroke 
grouping model. In this examination, we are utilizing disparate 
Legendre Sobolev conditions with the assistance of AI model, to 
such an extent that accomplishes 99.65% precision and improved 
the condition of craftsmanship esteem. 
 

Index Terms: Automatic telugu handwritten, machine 
learning, Legendre sobolev divergent equation. 

I. INTRODUCTION 

The acknowledgement is performed in a simple base up 
design, beginning through the strokes, also the ambiguities at 
every phase are protected as well as moved to the following 
phase aimed at getting the greatest plausible outcomes at 
every phase. We additionally existing the aftereffects of 
different pre-handling, highlight determination also 
arrangement thinks about on a huge informational index 
gathered from local language journalists in 2 diverse Indian 
dialects: Malayalam as well as Telugu. The framework 
accomplishes a stroke level precision of 95.78% as well as 
95.12% on Malayalam and Telugu information, separately 
[1]. The Akshara level exactness of the framework is about 
78% on a corpus of 60, 492 words commencing 367 authors. 
The field of acknowledgement of manually written content is 
as yet a fascinating zone of research.  
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Numerous writers have accomplished amazing outcomes 
in the field of manually written numbers for English digits 
however just a couple of them consume investigated the 
territory of numbers written in Indian provincial contents like 
Telugu. 
Penmanship acknowledgement is a difficult assignment that 
has been seriously examined for a long time in the field of PC 
vision and example acknowledgement. Because of 
difficulties similarly the assortment of composing styles, 
strokes also shapes the exactness is as yet restricted. Much 
study has been performed in the sector of English numerals, 
but there is a long way underneath exploring local numerals. 
India is a multilingual nation, which has 22 noteworthy 
dialects transcribed in 13 distinct contents. Right around 460 
million individuals in India utilize local contents for 
composed correspondence like topping off the bank structure 
or transfer messages, the numbers are composed on those are 
in local contents which are here and there hard to distinguish. 
Along these lines, a legitimate acknowledgement framework 
is expected to recognize those digits and words. Highlight 
extraction assumes a significant job in the accomplishment of 
any acknowledgement framework. It necessitates that 
highlights ought to hold invariant attributes inside a similar 
class though consuming discernible qualities amongst 
different classes. Szarvas et al. [2] assessed the consequently 
improved highlights educated through the Convolution 
choice trees on passer-by location also clarified the AI mix 
gave the most noteworthy precision. Since both CDT and ML 
have just accomplished wonderful exhibitions in number 
acknowledgment, our concentration in this examination is to 
use their benefits through joining those composed [3]. The 
effort existed in the paper [3] centers around the digits written 
in 4 local dialects: Bangla, Devanagari, Oriya also Telugu. 
Segment 2 provides a short depiction of the condition 
of-workmanship methods (Literature Review). Segment 3 
depicts the hypothetical parts of the procedure basic for 
getting it. Segment 4 depicts the anticipated work in full 
detail. In Section 5, analyses also results are quickly clarified. 
Area 6 has a talk in regards to the outcomes acquired. At long 
last, the work is finished up in area 7 with a touch of 
clarification in regards to future research. 

II. LITERATURE REVIEW 

In the sector of transcribed English numerals, some 
notable research has also been performed, but the range of 
numbers published in any of the regional dialects was not so 
studied.  

 
 
 

Automatic Telugu Handwritten Character 
Recognition with the Help of Legendre-Sobolev 

Divergent Machine Learning Model 
P. V. Ramana Murthy, CH. G. V. N. Prasad 

https://www.openaccess.nl/en/open-publications
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.35940/ijrte.B2630.078219&domain=www.ijrte.org


 
Automatic Telugu Handwritten Character Recognition with the Help of Legendre-Sobolev Divergent 

Machine Learning Model 
 

2284 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number B2511078219/19©BEIESP  
DOI: 10.35940/ijrte.B2511.078219 
Journal Website: www.ijrte.org 
 

In[3], Surinta et al. 2013 used personality form recorded 
by 8-directional coordinates in conjunction with the 
nonlinear SVM classifier to acknowledge Bangla Numerals 
and achieved 96.8 times accuracy. Xu et al. [5] built up a 
various leveled Bayesian system which proceeds the database 
pictures legitimately as the system input in addition to 
arranges them utilizing a base up methodology. 87.5% 
acknowledgement precision has remained accomplished 
through an informational collection comprising of 2000 
written by hand test pictures.  

In (Khan et al., 2014) [6], Sparse portrayal classifier on 
behalf of Bangla number acknowledgement is presented 
where the acknowledgement rate of 94% was accomplished. 
In [7],  
a quad-tree founded list of capabilities be utilized; the 
precision rate of this model was 93.38%. HBDR 
[Handwritten Bangla Digit Recognition] utilizing MLP stood 
exhibited in (Basu et al., 2005) [9] where the normal 
acknowledgement rate utilizing 65 concealed neurons 
achieves 96.67%. Das et al. [4], suggested a hereditary 
calculation created district testing methodology also 
accomplished 97% precision. All around as of late, 
Convolutional Neural Network (CNN) is utilized "Manually 
written Bangla Character Recognition" (Rahman et al., 2015) 
[10] with no element removal in earlier. The exploratory 
outcomes demonstrate that CNN achieves superior to elective 
techniques. For acknowledgement of Devanagari Numerals, 
Authors in [12][Arya et al. 2015] consume utilized Gabor 
channel constructed component descriptor through 3 
distinctive channel sizes viz. 7x7, 19x19 also 31x31. The last 
characterization is implemented utilizing the Nearest 
Neighbor also SVM classifiers. The 98.06 percent 
acknowledgement accuracy is achieved. In[ 13] Showmik et 
al., grid-based Hausdorff segregation is suggested to provide 
a identifier speaking at the object room to the hand-written 
numbers. For setup, the Arbitrary Forest classifier is used and 
93.03 percent accuracy has been achieved. In[14], Johnson et 
al. suggested an edge-dependent OCR structure produced by 
a dim pixel with either a zonal mass concentrate. Model 
Irregular Forest was used as a classifier. The 92.57 percent 
acknowledgement accuracy was achieved. Contractive self 
encoders were used in[15], which teaches the features by 
capturing data types. SVMs have been used to characterize 
and 96 percent accuracy was achieved. In[16] Prabhanjan 
also Dinesh et al. 2016, the near and global hints were deleted 
and SVM was used to arrange. A 98.77 percent accuracy was 
achieved. In[ 17], Mishra et al. used linear cosine shift (DCT) 
and linear wavelet shift (DWT) to acknowledge Oriya 
Numerals and achieved 92% and 87.50% accuracy. For the 
recognition of Odia numerals, the identification of form 
features based on the bi-quadratic interjection approach is 
demonstrated in[18]. In[19] Pujari et al. performed the 
character recognition of Odia numerals using SVM. They 
used perspective and hint of ebb and stream to obtain a 
recognition level of 95 times. In 2014, in addition to the Nave 
Bayes classifier, Sarangi et al.[20] calculated the suitability 
of LU factorization as well as asked for 85.30 percent 
accuracy. The author suggested a method to interpret 
Handwritten Telugu scripts using Zoning Features for the 
acknowledgement of Telugu numerals, In[21]. The 

acknowledgment precision is observed to be 78%. In [22] 
Saikumar, K explains deep learning based spinal card injury 
regarding image processing relations to machine learning 
mechanisms. 

III. EXISTED WORKS 

The existed methodology depends on the idea of crossover 
classifier. Our perception is that the half and half classifier 
repays the points of confinement of the separate classifier 
through joining the benefits of together. Fig.2, clarifies the 
projected strategy. Right off the bat, the digits pictures on 
behalf of preparing are pre-processed hooked on a structure 
that can be effectively feed addicted to the classifier, at that 
point highlights are extricated from the pictures utilizing 
CNN. At long last, grouping is performed utilizing SVM. In 
this paper, we have considered four noteworthy dialects to be 
specific Bangla, Devanagari, Oriya also Telugu. ISI Kolkata 
dataset was used for Devanagari, Bangla and Oriya 
Numerals, which includes 22556 instances consisting for 
Devanagari by 1049 individuals. There are 23392 instances 
for Bangla consisting of 1106 individuals and 5970 samples 
from 356 individuals for Oriya. This dataset was compiled 
from 368 parts of correspondence, 274 request forms of 
occupation and an unusually organized data collecting 
system. Telugu numerals used the CMATERdb dataset. It 
includes three thousand instances, three hundred per digit. 
The images of the instance are provided in Fig. 
 

 
Figure: 1 Existed Work 

 
Table :1 sample of digits 
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The motivation behind pre-preparing is to improve the 
picture information and upgrading the picture by evacuating 
undesirable mutilations for additional handling. In this stage, 
we pre-process the dataset. Every picture in the dataset is 
changed over addicted to grayscale then after that resized to 
28 X 28. In this stage, we utilize a Convolution Neural 
Network to concentrate highlights commencing the pictures. 
CNN consequently concentrate highlights from the crude 
pictures while giving a specific level of invariance to 
interpretation and scaling. The photo images pre-handled are 
reinforced into the CNN data section and the last pixel results 
are handled as hints.The development of the model suggested 
is shown in Fig. 1.  
At this level, in the SVM classifier, the highlights divided 
from  the CNN model are encouraged. Bolster Vector 
Machine has been used to rate the numbers in one of the 10 
categories with two unique part capabilities: Linear and RBF 
Radial Base Function). Table: 1.Explains the depiction of 
images in a CNN sheet midway. First, we're giving the model 
an image, pre-forming it and producing an item vector using 
CNN. Then these examples are urged to recognize the 
number in the SVM classifier. 

 
Figure: 2 Existed Works Based On Non-Trainable And 

Trainable Parameters 
This methodology demonstrated to be very delicate to the 
nearness of numerous ascenders or descenders, bringing 
about mistakes of the center stature gauge. Additionally, 
short words can be risky. An optical assessment of one 
hundred words, haphazardly picked tests from misrecognized 
test information, appeared around 33% of the 
acknowledgment blunders being because of conflicting slant 
or center stature estimation. By this get 98.3 % exactness for 
capitalized and 86.7 % precision for bend molded 
penmanship. 

IV. PROPOSED SYSTEM 

The proposed work is an endeavor to build up an 
acknowledgement framework for perceiving the transcribed 

digits written in one of the local dialects like Telugu. The 
proposed framework initially standardizes the info picture 
having single digit from that point ML functions as an 
element extractor while Legendre Sobolev unique condition 
as a classifier. Assessments were targeted to ISI Kolkata's 
benchmark database (with Bangla, Devanagari, and Oriya 
dialect numerals) also CMaterdb (with Telugu language 
numerals). The results show that our system works highest 
for Devanagari English with an accuracy of 99.41% and for 
Bangla, Telugu, and Oriya, the accuracy is 99.14%, 99.16%, 
and 94.54% individually. In this way, the presentation of the 
proposed methodology is superior to anything condition 
of-workmanship approaches. 
 

 ----- eq(1) 
 
For each capacity f with the end goal that (f, Bˆ n) exists for n 

= 0, 1 ... present the Nth incomplete whole of the related 
Fourier-Sobolev arrangement for bend molding forecast 
appeared in eq(1) 
 

 ------ eq(2) 
 
Eq(2) traces the continues curve tracking such that if any 
single pen down and pen up strokes are identified easily. This 
is main advantage compared to existed work[1][2][3] 
 

cn(f) = (f, Bˆ n). 
||SN f||Lp([−1,1]) ≤ C||f||Lp([−1,1])   ----- eq(3) 

∀N ≥ 0, ∀f ∈ L p ([−1, 1]). 
 
This eq(3) supporting to main strokes  resembles at eq(1). 
 

----- Eq(4) 
 
Eq(4) explains that integral functions with 1st order 
multiplications and shiftings, these paramters link with  
 

--- Eq(5) 
 
Eq(5) has been examined in and for I = 0 in [4]. Likewise, we 
allude to [12], where some intriguing outcomes about Fourier 
developments as for Sobolev symmetrical polynomials are 
acquired. 
 

------- Eq(6) 
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Eq(6) explains angle modifications depending upon the theta 
value pn is the probability of  error strock and pen down and 
pen up uproach.Telugu character recognition (TCR) is based 
on an optical frame that allows a gadget to differentiate the 
personalities obviously. There are a few uses of ML, few of 
which are as follows, such as programmed mail 
arrangements, bank controls, library mechanization, vision 
handicapped assist perusing, language processing and 
safeguarding apps that give researchers a lot of excitement. 
The reputation accuracy is greater in OCR frameworks for 
printed texts as opposed to Telugu structures published by 
text pattern recognition (THCR)[ 1, 2, 3 and 4]. In essence, 
there are two types of HCR: online and offline. The 
information is captured in Online HCR throughout the  
calligraphy process with the assistance of a distinctive brush 
on an electronic substrate, although accounts are verified in 
Offline HCR images of pre-written message[5]. Precision 
is littler for Offline HCR as comprehensive in text[ 1, 2 and 
3], it is real in view of differential point problems, 
decipherability, overwriting, and verification of document 
and disturbance problems[ 2]. Similarly, there are no 
available norm or benchmark information, and dissecting 
Indian content on HCR could be a notable deterrent. Some 
conventional libraries such as MNIST, NIST, CEDAR and 
CENPARMI are accessible to Latin numerals[6], as there is 
no institutionalized Indian content database as it may be. 
Little records that are collected in the study facility[6] 
support the previous exams. Clients ' descriptive quality is 
one of all comprised teaching characteristics. It's a boring 
errand to distinguish after they separate from the formed 
personalities. 
 

 
Figure: 3 block diagram of proposed work 

 
Training data set is collected from MIT data blog which is 
available in web site, collected samples and applying 
machine learning and Legendre-Sobolev equations. Machine 
learning is applied with the help of Decision tress concepts. 
Here number of trees depending upon no of available 
samples. Shown in figure:3 

 

   ---------- Eq(7)  

 
Equation 7 explains that the curve fitting and feature 
extraction methods based on proposed block diagram 

  ----------- Eq(8) 
 
Equation 8 is a supproting equation this decides that hand 
curve and angle method 
 

    ----- Eq(9) 
 
Equation 9 is single curve hand down and hand up approach. 

-------Eq(10)  
 
This euation 10 is final orientation of proposed method. 

V. RESULTS 

 
Figure : 4  input image 

 

 
Figure : 5  output image 

 
Figure 4 and 5 explains that proposed method results which 
are obtain from  machine learning tool box and calculated 
errors strokes like single stroke and hand down & hand up 
approches. Output contains no errors and calculating 
efficiency. Using proposed equations with machine learning 
decission trees. 
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Figure :6 telugu letters with english keys  

 
Table: 2 Comparative Analysis of Online Telugu Hand 

Writing Recognition 
S. 
No 

Author Method Classifier Approach Accuracy 
(%) 

1 

G. Rigoll, A. 
Kosmala. J. 
Rottland Ch. 

Neukirchen[3] 

Feature 
Extraction 
Methods 

Discrete 
HMM Vector 

Quantizer 

99.35 

Continuous 
HMM 

97.42 

2 

Andreas 
Kosmala, 

JoergRottlknd, 
Gerhard 
Rigoll[5] 

Context 
Dependent 

Models 
HMM 

Trigraph
-Based 
System 

73 

3 Han Shu[6] 
Feature 

Extraction 
Methods 

HMM 
Baseline 

Bbn 

86.4 
(height 
feature) 

4 Alex Graves, 
Santiago fern 

Andez, Marcus 
liwicki99k[7] 

Global 
Feature 
Vector 

Matching 

Recurrent 
Neural 

Networks 

CTC 
Network 

86 

5 
R. Seiler, M. 
Schenkel, F. 
Eggimann[4] 

Sliding 
window 
Techniq

ue 

Hybrid 
system of 

NN & 
HMM 

Histogram 

Upper 
case 

98.3 

Cursive 
writing 

86.7 

6 

P. M. Lallican, 
C. 

Viard-Gaudin, 
S. Knerr[11] 

OrdRec HMM RefRec 97.5 

7 

Muhammad 

Faisal Zafar, 

Dzulkifli 

Mohamad, 

Razib  M, 

Othman[9] 

Feature 

Extraction 

Methods 

Counter 

propagation 

Neural 

network 

Sequential 

Algorithm 
60-94 

 
Table: 3 Comparative study 

Method 
1 without 
stokes acc 

2 with 
stokes acc 

Combination of 
1 and 2 acc 

Existed 
method-1[3] 84.05% 63% 73.525% 

Existed 
method-2[2] 96.69% 82.96% 89.825% 

Proposed 96.75% 99.65 98.2% 

VI. CONCLUSION  

Manually written character acknowledgment for Telugu 
characters is investigated throughout this work. A total 

assortment of 1500, 750 examples utilized for preparing also 
750 examples for the testing territory is created and 
furthermore standardized to 300x300 pixels. These methods 
give better exactness by utilization of various classifier. This 
survey gives data about various classifier utilized in character 
acknowledgment methods. This far reaching dialog will give 
knowledge into the ideas included, and maybe incite further 
advances in the territory. The guarantee for what's to come is 
an altogether higher presentation for pretty much every 
character acknowledgment innovation territory. The 
popularity accuracy obtained by exploitation of 
Legendre-Sobolev divergent machine learning is 98.25%.      
(with all strokes). 
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