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Multi-font Devanagari Text Recognition
Using LSTM Neural Networks

Teja Kundaikar and Jyoti D. Pawar

Abstract Current research in OCR is focusing on the effect of multi-font and
multi-size text on OCR accuracy. To the best of our knowledge, no study has been
carried out to study the effect of multi-fonts and multi-size text on the accuracy
of Devanagari OCRs. The most popular Devanagari OCRs in the market today are
Tesseract OCR, Indsenz OCR and eAksharayan OCR. In this research work, we have
studied the effect of font styles, namely Nakula, Baloo, Dekko, Biryani and Aparajita
on these three OCRs. It has been observed that the accuracy of the Devanagari OCRs
is dependent on the type of font style in text document images. Hence, we have
proposed a multi-font Devanagari OCR (MFD_OCR), text line recognition model
using long short-term memory (LSTM) neural networks. We have created training
dataset Multi_Font_Train, which consists of text document images and its corre-
sponding text file. This consists of each text line in five different font styles, namely
Nakula, Baloo, Dekko, Biryani and Aparajita. The test dataset is created using the
text from benchmark dataset [1] for each of the font styles as mentioned above,
and they are named as BMT_Nakula, BMT_Baloo, BMT_Dekko, BMT_Biryani and
BMT_Aparajita test dataset. On the evaluation of all OCRs, the MFD_OCR showed
consistent accuracy across all these test datasets. It obtained comparatively good
accuracy for BMT_Dekko and BMT_Biryani test datasets. On performing detailed
error analysis, we noticed that compared to other Devanagari OCRs, the MFD_OCR
has consistent, insertion and deletion type of errors, across all test dataset for each
font style. The deletion errors are negligible, ranging from 0.8 to 1.4%.
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1 Introduction

India is country with 22 constitutionally recognized languages and 12 scripts. De-
vanagari script is officially used by 10 Indian languages. Historically, lot of Indian
literature, religious and scientific books are written in this script. Most of these work
is not converted into digital form. In case this literature can be made available in
digital form, it will enrich the research field of natural language processing for In-
dian languages. Optical character recognition (OCR) is a research field in which the
text is recognized from scanned documents. There are two methods to recognize
text from the scanned document. The first is segmentation-based and the second
is segmentation-free approach. In the former approach, the characters are extracted
from the input document using segmentation techniques, and further, these extracted
characters are recognized using neural network techniques. In the segmentation-free
approach, deep learning techniques are used to recognize the text in each line. Us-
ing these techniques a lot of work is done in OCR for Roman script, and it shows
impressive accuracy on variety of documents. Similar techniques have been used to
create OCR for Devanagari script, but the accuracy of this OCR is low as compared to
OCR for the Roman script. There are three competitive OCRs for Devanagari script,
namely Tesseract OCR [2] open-source tool, Indsenz OCR [3] commercial product
and eAksharayan OCR [4] freely available on TDIL [5].

Document in the Roman script is written in different font styles like Times New
Roman, Calibri and same is true for document written in Devanagari text. However,
we use different font style to represent text for various purposes such as invitation
cards, formal documents, notices. On using a different font, the look of text differs
as shown in Fig. 1.

We were interested to know the performance of OCR on the scanned document
having text inDevanagari script in different font styles.Wehave tested theDevanagari
OCRswith theDevanagari text document images in different font styles and observed
that there is a difference in theOCR’s accuracy for each of the font styles. In this paper,
we have worked on multi-font Devanagari OCR. The content of paper is organized
into five sections. Section1 consists of Introduction and followed by Sect. 2, which
gives an idea about related work. Section3 describes the effect of text document
images in different font style on accuracy of Devanagari OCRs. And Sect. 4 discusses
creating training and test dataset in form of text document images in different font
styles, model to recognize text using LSTM and the result. Section5 concludes the
paper.

Fig. 1 Text in different
types of fonts style for
Devanagari script
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2 Related Work

The first efforts towards the recognition of Devanagari characters in printed docu-
ments started in 1970 using segmentation-based approaches. Researchers at Indian
Institute of Technology, Kanpur, India, developed a syntactic pattern analysis sys-
tem for the Devanagari script [6]. In the 1990s, Palit and Chaudhuri [7], Pal and
Chaudhuri [8] developed the first complete end-to-end OCR system for Devana-
gari. Although in the 1990s OCR for Devanagari was contained only at the research
level, in the early 2000s it took a major leap when Center for Development of Ad-
vance Computing (CDAC) India released the first commercial Hindi OCR called
“Chitrankan” [9]. Recently, segmentation-free approach was used for word classi-
fication in printed Devanagari documents by [10, 11]. BLSTM-based transcription
scheme is used to achieve text recognition for the seven Indian languages [12].

Bidirectional long short-term memory (BLSTM) architecture with connectionist
temporal classification (CTC) output layer was employed to recognize printed Urdu
text. They have evaluated BLSTM networks for two cases: one ignoring the charac-
ter’s shape variations and the second by considering the variations. The recognition
error rate at character level for the first case is 5.15% and for the second is 13.6%
[13]. Deep convolutional neural network has been used for handwritten Devanagari
text [14]. The iterative procedure using segmentation-free OCR was able to reduce
the initial character error of about 23% (obtained from segmentation-based OCR) to
less than 7% in few iterations [15]. There has been a lot of work for different scripts
and little work for text document images in multi-font for same scripts. We have
attempted to create multi-font Devanagari OCR (MFD_OCR) for Devanagari text
using LSTM neural networks.

3 Effect of Devanagari Text Document in Different Fonts
Styles on Devanagari OCRs

3.1 Devanagari Font Styles—An Overview

Font classification is based on different properties such as internal representation,
glyph width, installation of fonts, physical existence, encoding and readability. The
internal representation consists of either bitmap or vector fonts. In bitmap font, glyphs
are represented as a matrix of dots and vector is represented as curves. The vector
fonts consist of true type, open type, meta font and postscript. The Devanagari font
design model [16] can visually describe any given Devanagari typeface, and it is this
model which has been used as a base for developing the tool. The facets of the model
consist of tool, grey value, contrast, axis, vertical terminal, built , horizontal terminal,
angular terminal, basic hand, turns, counters, inclination, vertical stem, curves, C toC
joinery, end knot, beginning loop, end loop, neck join, vertical proportion, horizontal
proposition and neck proportion [16].
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Fig. 2 Text in Nakula font
style

Fig. 3 Text in Baloo font
style

Fig. 4 Text in Dekko font
style

Fig. 5 Text in Biryani font
style

Fig. 6 Text in Aparajita font
style

The style of fonts differs based on the facets chosen to design font style. There
are more than 300 fonts for Devanagari script. We have considered different prop-
erties such as vertical terminal with serif, horizontal and left swoosh, grey value
with light and dark. Considering these properties of the font, we have chosen fonts,
namely Nakula, Baloo, Dekko, Biryani and Aparajita, which has regular style. The
description for each of it is given below.
Nakula Font: The Nakula Devanagari font, which has been developed by IMRC,
India, for the University of Cambridge. The font is Unicode compliant, and the font
is TrueType. It contains all the conjuncts and other ligatures (includingVedic accents)
likely to be needed by Sanskritists. It follows the rounded glyphs and little thin/thick
variation as shown in Fig. 2.
Baloo Font: The Baloo font is Unicode compliant and libre licensed font. It has a
distinctive heavy spurless design as shown in Fig. 3 [17].
Dekko Font: The inter-letter spacing of this font is wider, allowing for it to be used
at smaller sizes on screens. This fonts stroke contrast has thick horizontals. The pen
angles traditionally associated with Devanagari has some diagonal stress, but here
the script uses a vertical stress as shown in Fig. 4 [18].
Biryani Font: Biryani is a libre font development project. Its fonts are designed in a
monolinear, geometric sans serif style. Like several early geometric sans typefaces
from the last century, Biryani font characters have a strong flavour to them. Figure5
shows Biryani font in regular font style [19].
Aparajita Font: The Aparajita font is high OpenType font and is Unicode-encoded.
Figure6 [20] shows Aparajita font in regular font style.

3.2 Performance of OCRs on Devanagari Text Document
Images in Aparajita and Nakula Font Styles

We have used the text from [1] to create text document images in Aparajita and
Nakula font style. The same is used to check the performance of the OCRs on text
document in different font style.
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Table 1 Performance of OCR’s character accuracy for text in Aparajita and Nakula font style

Font OCR

Tesseract (%) Indsenz (%) eAksharayan (%)

Nakula 90.14 81.74 70.14

Aparajita 77.27 33.21 22.20

Bold indicates the highest accuracy for each of the fonts

Table 2 Error analysis of OCRs for text document image in Aparajita font styles

Type of error OCR

Tesseract (%) Indsenz (%) eAksharayan (%)

Insertion 9.01 5.17 15.07

Substitution 9.54 41.52 55.32

Deletion 3.37 19.34 7.39

Table 3 Error analysis of OCRs for text document image in Nakula font styles

Type of error OCR

Tesseract (%) Indsenz (%) eAksharayan (%)

Insertion 4.27 5.59 10.58

Substitution 3.53 7.49 33.19

Deletion 1.86 4.20 8.09

We have studied the performance of the three most popular Devanagari OCRs,
namely Tesseract, Indsenz and eAksharayan OCR on text document image in differ-
ent font styles, namely Nakula and Aparajita. The performance of OCRs is shown in
Table1. The results showed that OCR accuracy is dependent on the text document
image in different font styles. We were interested to know the reason for the errors in
theOCR, for which it does not achieve 100% accuracy. Thismade us look at the types
of errors it generates. There are three types of errors OCR produces, i.e. insertion,
deletion and substitution errors. These number of errors can be understood with the
help of OCR evaluation tool [21]. Table2 shows the percentage of each type of errors
for text document images in Aparajita font style, and Table3 shows the percentage
of each type of errors for document images in Nakula font style. We can observe
from this that insertion and deletion errors are different for these two font styles. This
shows that the type of OCR error differs for text document in different font styles. As
there are three types of errors in OCR, i.e. insertion, substitution and deletion. It is
difficult to handle the insertion and deletion type of error in post-processing of OCR
output. In this work, we have attempted to minimize insertion and deletion type of
errors and to create OCR which shows consistent accuracy across all font styles.
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4 Proposed Multi-font Devanagari OCR (MFD_OCR)
Using LSTM Neural Network

4.1 Data Creation of Text Document Image for Different
Font Styles

We have identified this above-mentioned five different fonts to create training dataset
using text from corpus available at Centre for Indian Language Technology [22]. We
created the images for each line in text corpus for each of the font styles using python
packages. The training dataset is created for five fonts, namelyNakula, Baloo,Dekko,
Biryani andAparajita. It consists of an image file of each line in text document images
and its corresponding text. Training dataset consists of total 500K images and the
same number of text files. This training dataset is named asMulti_Font_Train dataset.

To create test data, we have used text from benchmark dataset IIITH [1], which
consists of 100 image files and corresponding text files . The test data is created using
following steps:

1. We created text files named as Text_Files_TestDataset for each of the text line
in these 100 text files of benchmark dataset. There are total 2812 text files in
Text_Files_TestDataset.

2. For each of the file in Text_Files_TestDataset, we have created corresponding text
document images for Nakula font style using python script, which take input as
text and font style and output is same text as document image in “.png” format.
This is named as BMT_Nakula dataset, which as 2812 files in “.png” format.

3. Like step 2, we have created test dataset for Baloo font style named asBMT_Baloo
dataset consisting of 2812 files in “.png” format.

4. Similarly, we have created test dataset for Dekko, Biryani and Aparajita font style
named as BMT_Dekko, BMT_Biryani and BMT_Aparajita, respectively.

4.2 Multi-font Devanagari OCR: Text Recognition Using
LSTM Neural Networks

OCRopus [23] is an open-source document analysis and recognition tool, andwehave
used it to create the multi-font Devanagari OCR. Recurrent neural networks (RNNs)
are used for recognition, especially 1D LSTM architecture. In this architecture, a
window of height equals to that of the input image named as “depth of the sequence”
and width equal to 1 pixel called a “frame” and is moved over the text line. These 1D
sequences (frames) are then fed to the input layer of the LSTM network. To achieve
normalization, it is important to make the depth of sequence equal for all input text
line images. We have used an LSTM recurrent neural net to learn this sequence
mapping of Devanagari text in different font styles. Our model has 48 inputs, 200
nodes in a hidden layer and 249 outputs. The inputs to the network are columns of
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pixels. The columns in the image are fed into the network, one at a time, from left to
right. The outputs are scores for each possible letter. Learning rate and momentum
were set to a standard value which is 0.0001 and 0.9, respectively. It took 800K
iteration, to generate a model with stabilized accuracy.

4.3 Experimental Results

AccuracyofTesseract, Indsenz, eAksharayanandMFD_OCRon textdocument
images in different font styles.

We have used an abbreviation to each of the OCR as mention here, T_OCR for
Tesseract OCR, I_OCR for Indsenz OCR and E_OCR for eAksharayan OCR. ISRI
analytic tool is used for the evaluation of OCRs [21]. We have evaluated the perfor-
mance of the proposed MFD_OCR along with T_OCR, I_OCR and E_OCR with
the created test dataset for all five font styles. The performance of OCRs for each of
the test dataset is shown in Table4.

The best character accuracy for BMT_Nakula test dataset is shown by T_OCR.
Again the accuracy for Text in BMT_Baloo test dataset is greater for T_OCR com-
pared to all other OCRs. The proposed MFD_OCR performs better for BMT_Dekko
and BMT_Biryani test dataset compared to all other OCRs. Finally, Tesseract OCR is
more accurate for BMT_Aparajita test dataset. The Indsenz and eAksharayan OCRs
produce very low accuracy for BMT_Aparajita test dataset. It has been observed
that each OCR accuracy varies for text document image in different font styles, but
MFD_OCR obtained consistent accuracy across all the text document in different
font styles.

Error analysis for T_OCR, I_OCR, E_OCR and MFD_OCR for each of the
test dataset.

We have also performed the error analysis of the OCRs with the help of OCR evalu-
ation tool [21]. The error in OCR is due to insertion, substitution and deletion of the
character. We have discussed these type of errors for each of the test dataset.

Table 4 OCRs character accuracy on test dataset

Dataset OCR

T_OCR (%) I_OCR (%) E_OCR (%) MFD_OCR (%)

BMT_Nakula 90.14 81.74 70.14 89.23

BMT_Baloo 89.64 78.15 62.93 88.49

BMT_Dekko 77.87 72.34 47.51 89.03

BMT_Biryani 88.56 77.28 59.41 88.89

BMT_Aparajita 77.27 33.21 22.20 69.87

Bold indicates the highest character accuracy for each of the test datasets
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Table 5 Percentage of errors of OCRs for BMT_Nakula test dataset

Type of error OCR

T_OCR (%) I_OCR (%) E_OCR (%) MFD_OCR (%)

Insertion 4.27 5.59 10.58 4.91

Substitution 3.53 7.49 33.19 5.55

Deletion 1.86 4.20 8.09 0.86

Bold indicates the lowest error rate

Table 6 Percentage of errors of OCRs for BMT_Baloo test dataset

Type of error OCR

T_OCR (%) I_OCR (%) E_OCR (%) MFD_OCR (%)

Insertion 4.98 7.78 20.19 4.58

Substitution 2.72 8.46 14.24 5.39

Deletion 2.10 3.90 2.62 0.90

Bold indicates the lowest error rate

Table 7 Percentage of errors of OCRs for BMT_Dekko test dataset

Type of error OCR

T_OCR (%) I_OCR (%) E_OCR (%) MFD_OCR (%)

Insertion 6.05 7.07 6.50 2.23

Substitution 7.71 12.60 30.35 6.79

Deletion 7.86 7.19 15.62 1.49

Bold indicates the lowest error rate

Table5 shows the percentage of each error type for above-mentioned OCRs for
BMT_Nakula test dataset. The insertion and substitution types of error are less in
T_OCR for BMT_Nakula dataset. The MFD_OCR has less deletion type of errors,
and insertion type of error is nearly the same as that of T_OCR.

Table6 shows the percentage of errors for each of the OCR for BMT_Baloo
dataset. The insertion and deletion type of errors are lowest in MFD_OCR for the
BMT_Baloo dataset. The T_OCR has less substitution type of errors.

Table7 shows the percentage of errors for each of the OCR for BMT_Dekko
dataset. The insertion, substitution and deletion type of error are less in MFD_OCR
for BMT_Dekko dataset.

Table8 shows that the percentage of errors for each of the OCR for BMT_Biryani
test dataset. The T_OCR has less substitution and insertion type of errors. The
MFD_OCR has less deletion type of errors and insertion, and substitution type of
error is nearly the same as that of T_OCR.

Table9 shows that the percentage of errors for each of theOCR forBMT_Aparajita
test dataset. The insertion type of error is less in I_OCR for BMT_Aparajita dataset.
TheMFD_OCRhas less deletion type of errors, and The T_OCRhas less substitution
type of errors.
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Table 8 Percentage of errors of OCRs for BMT_Biryani test dataset

Type of error OCR

T_OCR (%) I_OCR (%) E_OCR (%) MFD_OCR (%)

Insertion 4.29 5.63 4.56 4.42

Substitution 4.09 10.75 23.37 4.94

Deletion 2.54 5.22 12.65 1.00

Bold indicates the lowest error rate

Table 9 Percentage of errors of OCRs for BMT_Aparajita test dataset

Type of error OCR

T_OCR (%) I_OCR (%) E_OCR (%) MFD_OCR (%)

Insertion 9.01 5.17 15.07 6.24

Substitution 9.54 41.52 55.32 22.61

Deletion 3.37 19.34 7.39 1.40

Bold indicates the lowest error rate

Percentage of types of errors for each of the OCRs for text document image in
different font styles.

Here we have shown the plot of the percentage of each type of errors for all OCRs
across all the test datasets as shown below. Figure7 is a plot of the percentage of
deletion type of errors for each of the test dataset versus OCRs.

It is observed fromFig. 7 that the proposedMFD_OCRgives fewer deletion errors
for all types of font, which has been tested with a particular type of dataset.

Figure8 is a plot of the percentage of insertion type of errors for each of the test
dataset versus OCRs. Figure8 shows MFD_OCR has consistent insertion type of
error for all fonts, which has been tested with a particular type of dataset.

Figure9 shows that the substitution types of error are also consistent for all fonts
in MFD_OCR except the text document in Aparajita font style.

Fig. 7 Deletion type of
errors of OCRs for text
document in different fonts
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Fig. 8 Insertion type of
errors of OCRs for text
document in different fonts

Fig. 9 Substitution type of
errors of OCRs for text
document in different fonts

5 Conclusion and Future Scope

In this paper, initially, we carried out the study of the effect of text in different fonts
style onDevanagariOCRs.We also analysed the percentage of different types of error
for which the accuracy of OCRs was low. We observed that the most popular OCR’s
accuracy is different for text in different font style. The Tesseract OCR obtained
good accuracy among all OCRs but showed the highest insertion and deletion type
of errors compared to the substitution type of errors. In post-processing of OCR
output, it is difficult to handle insertion and deletion type of errors.

We implemented multi-font Devanagari OCR(MFD_OCR) using LSTM neural
networks andMulti_Font_Train dataset. On the evaluation of MFD_OCR, it showed
consistent accuracy, across all the text document images in different font style. It ob-
tained comparatively good accuracy for text document images in Dekko and Biryani
font style. On performing detailed error analysis, it was noticed that compared to
other Devanagari OCRs, the insertion and deletion type of errors are consistent for
MFD_OCR across all text document images in different font style. The deletion
errors are negligible, ranging from 0.8 to 1.4%. The Tesseract OCR has the lowest
substitution type of errors compared to all OCRs. The accuracy of Tesseract is high-
est for three test datasets, namely BMT_Nakula, BMT_Baloo and BMT_Aparajita.
Using the proposed MFD_OCR, we were able to minimize the insertion and dele-
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tion type of errors. These type of errors are difficult to handle in the post-processing
stage. We are currently working on the possibility of further improving the accuracy
by understanding the substitution types of error.
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