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Abstract

Bangla language processing (BLP) in Bangladesh is still at the amateur level.
Computerization of Bangla Language is a must to forward and shape our country as a
digital Bangladesh. Success up to the demand of users and experts in this field will
open the opportunity to exchange our knowledge among many languages. In this
paper, we tried to present Bangla Language processing's overall situations in terms of
technical and linguistic challenges. Also, we proposed some recommendations to
overcome significant barriers while developing tools of BLP. We collected data from
five groups, including technologist, linguist, researcher, developer, and user. We
tested some available software developed Android version and windows platform and
found many anomalies or bugs that need to be fixed right away. Though Bangla is a
complex language, Chinese, Arabic, and Japanese, it is far better in Natural Language
Processing. The significant and big problem is not developing a well representative
corpus of the Bangla Language. Thus, researchers cannot go further in Artificial
intelligence. Moreover, lack of collaboration is another major issue that is not to
develop the BLP tools successfully or solve compatibility issues in different platforms
including, android, windows, Linux, and 10S. We create a well-representative Bangla
corpus including speech and written to make user-friendly BLP tools. It is excellent
news that for the first time, our government budgeted around Tk 160 crore to develop
16 different components of Bangla Language Processing tools. To step forward to a

middle-income country, we must invest more in this sector.
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CHAPTER 1

INTRODUCTION
1.1. Background

Over 300 million people speak Bangla over the world (PFWi€, 2038). Natural

Language Processing (NLP) started in the 1950s when Alun Turing published an
article named "Computing Machinery and Intelligence". Now, it is called the Turning
test”. All-natural Language Processing (NLP) is a subfield of both intelligence that is
artificial and linguistics. There are two types of NLP. One is in the human brain, and
the other is in the computer. NLP helps to computerized spoken form and written
form of Human Language and give output like a human being. That is why Bangla
Language Processing (BLP) is a must for using this language effectively in
computers, and IT platforms, for that matter.

Nowadays, one can open a hidden file through software like voice recognition, and
information in the English language can be retrieved in many other languages.
Nonetheless, the English, Arabic, Chinese, Japanese, Korean, and other languages
have been computerized up to a satisfactory level. In Bangladesh, we do not have a
compatible keyboard Interface, and layout let alone made tools like a Machine
Translator. The debate is going among experts & users' levels regarding the keyboard

layout. Bangla is one of the modern language levels, including complex script,

secured the 5th ranking amongst the world languages (2, Wiaes € 7=EE, @,

00V9). It should be computerized according to users' demands. We have to use

English as an international language, but we should not compare BLP software with
English. For example, someone might say that the English language's typing speed is
far better than Bangla language typing. But we should keep in mind that the English
typeface is linear, whereas Bangla is involved, including almost 300 ligatures.
However, if we focus on the applied side, some limitations and challenges still need to
be minimized. As we live in the era of technology, everybody expects to do any task
faster than before. We appreciate that one Bangladesh government funding project
(2016-2021) is going on at Bangladesh Computer Council, where 16 components
have been selected to develop tools. By conversion, a mammoth task is necessary to
reach a satisfactory level. We did not find any paper on the overall situation on
12
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Bangla Language Processing in Bangladesh, including the problems of not interested
much in this sector, technical challenges, linguistic challenges, the mentality or
concept among experts, developers, researchers, policy-makers, and last, but not the
least user. We had some papers where some anomalies are present on particular tools.
In this paper, we tried to present an overall Bangla Language Processing scenario in

Bangladesh, including challenges with some propositions.

The majority of the population lives in South Asia's eastern flank that surrounds the
Bay of Bengal. They are geographically distributed as follows: over 95% of those
living in Bangladesh, and from amongst the states that are Indian, 26% of those in
Andaman and the Nicobar Islands, 28% of those in Assam, 67% of those in Tripura,
and 85% of those in West Bengal. The user of the Bangla language is increasing day
by day in many other countries. It is not necessarily as highly ranked in terms of the
most read, the most wired, or the most archived, or the most used on the Internet,
although it is the seventh most spoken language globally. The potential ICT benefit
continues to elude many of the Bangla-speaking population who are not equipped
with either English or the language of their diaspora despite significant progress in
Information and Communication Technology (ICT) and the availability of a vast,
enriched English knowledge database around the globe. This is complicated by the
fact that Bangla is not without its peculiar nuances and issues that are structural. It has
a relatively large alphabet that includes many compound letters, two acceptable forms
with varying pronouns, verb conjugations, many regional dialects, and variant
spellings for too many of its words.Additionally, at least two non-standard dialects of
Bangla — Chittagonian, and Sylheti, respectively, with 47% and 30% lexical
dissimilarity. Bangla Language Processing (BLP) is an evolving discipline that is
aware of these language realities and seeks to create a robust digital platform for use
by many of the Bangla-speaking population bypassed currently by the ICT revolution.
The success of BLP is envisioned to have an effect that is good for many of the
typical individuals and their socio-economic life (Karim et al., 2013).

1.2. Concern Area:

13
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Our main concerned area is Bangla Language Processing tools in Bangladesh. We had
to analyze the expert body's opinion, ongoing and completed research projects, the
users' expectation or demand to focus the BLP tools. We try to find out the challenges
in developing BLP tools and present some propositions to overcome them. We
elaborately discussed the following BLP tools:

e Optical Character Recognition (OCR)

e Bangla Spell Checker

e Bangla Keyboard Interface and Layout

e Bangla Speech to Text Converter

e Bangla Text to Speech Converter

e Machine Translation (MT)

e Fonts

e Bangla Corpus Development

e Bijoy to Unicode, and vice-versa converter

e |PA Transcription Software

e Sentiment Analysis

1.3. Statement of the Problem:

Bangla is a wide-known language among other languages (almost 3,500 plus
languages all over the world). Over 300 million people use the Bangla language
worldwide, including Bangladesh and West Bengal of India. Day by day, the demand
for learning the Bangla language is increasing. We are living in an era of technology.
However, till now, we have no essential software like Bangla Spelling or Bangla
Pronunciation Dictionary. We see the availability of the tools of other languages like
English, Arabic, Chinese, etc. We see that many kinds of research on BLP tools are
being conducted in Bangladesh and West Bengal. Some researchers are working on
BLP tools abroad as well. We do not know the overall situation of Bangla Language
processing in Bangladesh as there is no gathered knowledge. What kind of works are
being conducted in this area, and tools available in the apps market or Windows or
Linux platforms? Collaboration is a significant factor, especially in Bangla language
processing, as the field demands two experts’ bodies, including programmer and
linguist. Most of the young generation uses NLP tools like google translation. We
need to know what they are thinking about the Bangla Language processing tools like

14
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Bangla fonts, keyboard interface, TTS (Text to Speech), STT (Speech to Text)

software, Bangla OCR, Bangla Spell-checker, and many more.

1.4. Objectives of the Study:

Our primary concern is analyzing the trend of BLP in Bangladesh and challenges,
including linguistic and technological, for developing tools and end with some
propositions to step forward BLP. By observing these, we found some
recommendations to overcome the obstacles. We focused on how much work has
been done in Bangla language processing, what kind of software is available or under
development, limitations of some software, finding the research gaps, reasons behind
lack of collaborations among government, public, and private organizations, reasons
behind lack of motivation to build a career in the field of BLP, what are the user's
demand regarding Bangla software. Moreover, we also focused on the policymaker's
planning and dedicated researcher in this particular field.

1.5. Justification of the Study:

This study presented the overall scenario of Bangla Language Processing in
Bangladesh. It also revealed software tools already developed or under developed, the
limitations of the developed tools, experts' opinions, challenges in developing tools,
and solutions to these obstacles. The researcher quickly finds the overall research gap
and the trend of Bangla Language Processing. We came to know the user's feedback.
The researcher might interest in collaboration. More funding opportunities will
develop if this study takes the policymaker's attention or universities' higher authority.
Not only researchers but also students will be motivated in this field. The developer
can update their tools according to users' feedback.

1.6. Research Question:

a) Main research Question: Our main research question is as follows:

What developments have been made in the field of Bangla language processing tools
in Bangladesh?

This main query will motivate us to know the answer to the following supplementary

questions:

15
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b) Supplementary Questions:
l. What is the recent development of BLP tools in Bangladesh?
. What are the limitations of developing the BLP tools in Bangladesh?
1. What measures to be taken for the further development of BLP tools in
Bangladesh?
IV.  What are the challenges in developing BLP tools?
IV.l. Are there any linguistic challenges?
IV.II. Are there any technical challenges?
V. Which sectors are involving in developing BLP tools?
V.l.  Which software companies are actively working on BLP?

V.11. Is there any collaboration in developing BPL tools?

1.7. Methodology:

There are three types of Research methodologies like quantitative, qualitative, and
mixed methods. This study has been conducted through the qualitative approach. The
interview method, including the semi-structured question, has been applied for
collecting data. Details of methodology have been presented in chapter 4.

1.8. Organization of the Study:

This paper is organized into a total of 8 chapters. The included chapters have been
present in the following order:

Chapter 1: Introduction

Chapter 2: Theoretical Background

Chapter 3: Theoretical Discussion

Chapter 4: Methodology

Chapter 5: Data Presentation

Chapter 6: Result Analysis

Chapter 7. Propositions: Measures to be taken to overcome the challenges of Bangla
Language Processing.

Chapter 8: Conclusion

16
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CHAPTER 2
THEORETICAL BACKGROUND

In the 1980s, we see the first attempt was font development and Bangla's use in the
Windows platform's computer. Especially software companies or personally dedicated
persons like Shahid Munir Chowdhury, Saif-ud-Doha, Mustafa Jabbar (Honorable
minister, Postal, Telecommunication, and ICT Ministry.), and others afterward.
Bangla Language through ‘Shahid Lipi’ was first inserted in 1986. It was a
breakthrough. The introduction of ‘Bijoy’ Bangla software made an excellent
platform to write Bangla through the computer. The main problem at that period was
the compatibility issue of the Bangla language in different media. Bangla was not
usable as a general language on every system as there was no unique way to represent
Bangla. In the late 1990s, Unicode shed new light on the issue, and the processing of
Bangla computing began to take a new shape in the country. The open-source
platform impacted Bangla Language Processing. Linux version in Bangla was
introduced by J. Ahmed, a software developer, in 1988.Ankur, a software developer
group, introduced Bangla Open Source Software like Linux, OpenOffice.org, Gaim,
etc., in the late 1990s. Like Ekushey (ekushey.org), a voluntary organization worked
on open-source Unicode fonts and Bangla input system. They determined how the

Bangla fonts work under the existing keyboard interface.

From the government side in 2014, the BCC (Bangladesh Computer Council)
proposed mapping for a national Bangla keyboard and a collation sequence; CRBLP
at BRAC University also started conducting research projects on Bangla language
processing, the researchers of CRBLP worked on Bangla information retrieval (i.e.,
Bangla spell-checking, and a Bangla search engine, etc.), morphological analysis,
developing a digital lexicon, and an online dictionary, optical character recognition,
and speech processing. The Bangladesh Open Source Network (BdOSN: bdosn.org)
was launched with local open source volunteers in 2005. They considered Bangla
Language processing as one of its main issues. That is why open-source in Bangla got
successful (Islam, 2009). Recently, Apurba-DIU R&D Lab has launched the Bangla
Character Annotated Project on the 10th of September, 2020, virtually in Daffodil

17
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International University. The vendor software company is already working on a
government project, which will end 2021 or extend, managed by Bangladesh
Computer Council. Another software team, Rib, worked on this project. Besides,
Therap, TigerlT, and other unknown groups are working on BLP in Bangladesh, but
the main problem was the compatibility issue. Whether the Bangla can be seen in
every platform like Windows XP, 2000, etc. Different operating systems like android,
I0S, Windows, Linux do support fonts or not.

2.1 Bangla Language Processing Tools:

There are many Bangla Language Processing tools in Bangladesh as the android and
windows or Linux platforms. We focused on the mechanisms of Bangla Language
processing: Optical Character Recognition (OCR), Bangla Spell Checker, Bangla
Keyboard Interface, Fonts, Machine Translation (MT), Text to Speech Converter
(T2S), Speech to Text Converter(S2T), Bangla Search Engine, Bangla Corpus
Development, IPA Transcription, Sentiment Analysis and Bangla POS tagging.

2.1.1. Bangladesh Computer Council:
Bangladesh Computer Council is working on 16 components of Bangla
LanguageProcessing tools under the government's language project. The duration of
the project is June 2016-June to 2021. The components are:
1. Development of complete Bangla Corpus following international standards
2. Further development of Bangla OCR (Bongo OCR) developed by ICDT
and integrating handwriting recognition system
Development of Bangla speech to text & text to speech software
Improvement of the National Keyboard (Bangla)
Development of Bangla style guide

Development of the Bangla for interoperability engine

N o g ~ w

Development of Bangla CLDR (Unicode Common Locale Data
Repository) resource, and submit to Unicode

8. Development of Bangla Spell & Grammar checker

9. Development of the Bangla Machine Translator

10. Development of Screen Reader Software

11. Development of software for disabled people

18
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12. Development of sentiment analysis software in Bangla

13. Developing a service platform combining language processing with
building processing pipelines for value-adding tasks in the multilingual
content processing

14. Translation of most popular/used sites into an international language

15. Standard Keyboard for Tribal Languages (Other languages of Bangladesh)

16. Incorporating Bengali IPA fonts and software to world language linguistic
list

2.1.1.1. Optical Character Recognition (OCR):

Once upon a time, OCR was available for the English language only. But many
developers, including the Bangladesh computer council, tried and still trying to
develop a user-friendly Bangla OCR. Now we will discuss some recent developments
of Bangla OCR.

2.1.1.1.1. Bangla Optical Character Recognition (Bangla OCR):
Bangladesh Computer Council (BCC) developed an OCR named ‘Bongo-OCR’
earlier, but it was only for an online platform. They are now developing a Bangla
OCR called Bangla Optical Character & Handwriting Recognition System (Version:
1.0). It supports both ASCII and Unicode. It will run in windows and Linux(Online
and Offline). With the help of an optimized model, it will also run on an android
phone.
Main features of the OCR developing by BCC:
e It will cover PDF/JPEG/PNG, and images
e Scanned documents, including photos, tables, numbers, bullets, some
Arabic characters, Bangla simple to complicated orthographic name,
consonant cluster, conjuncts, andsymbols of various forms continuous text
(e.g., rotation angle minimum 30 degrees) and necessary typological
features.
e It will detect paragraph, tables, photo caption, and the resolution will be
150-600 dpi
e It will support continuous and isolated handwriting written by the different

scribe.
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e The algorithm and Methods: Hence, the deep learning plus supervised
machine learning (hybrid) method has been used. It will analyze both
isolated and continuous characters: both a character and word-based
detection will be enabled.

e Fonts support the most popular 20 fonts, including letterpress and
typewriter font.

e This OCR will allow both online and offline texts. It supports dynamic
hand-writing and touch-screen enabled. The off-line handwriting
recognition module must work with scanned and captured handwriting
recognition modules that need to be real-time and workable with live
writing on touch-responsive digital screens by finger/stylus/digital pen or
similar input tools. Cover all entities, including the following features with
a gold standard dataset:

e Primary characters and consonant modifier

e The primary character and vowel modifier

e Compound characters

e Compound characters and consonant modifier

e Compound character and vowel modifier Some corrections made in BCC’s
OCR:

e A typical situation in the neural network method is being solved using
context analysis, collocation, and occurrence frequency.

e Another problem, the number of black pixels in each column is calculated
to construct a column histogram. When no black pixel is found in the
vertical scan,it is considered the space between two words. In this way,
one can separate the words. , but the problem occurs when the ‘matraless’
character is used in a word. The solution is that the system will handle this

situation from context analysis and occurrence frequency.

After Md. Sanzidul Islam et al., 2019, LSTM (Long short-term memory) Recurrent
Neural Network (RNN) generates sequence to sequence Bangla sentence. , but their
dataset size was not very large because of hardware limitations. They used 917 days
daily newspaper named online ProthomAlo. Per-day word counted around 15,5000.

Afterward, other words have been used as a dataset, successfully generating Bangla
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sentences, but the dataset was still limited. A paper was named ‘an efficient way to

segmentation Bangla characters in printed documents using curved scanning.’This

paper claimed that the curved scanning method used in the OCR software could solve

a problem like:

o Different shapes of characters

e Connected characters

e Modifiers in the top and bottom

e The overlapped region between consecutive characters

And they claim that the proposed strategy has achieved a 99.8% accuracy rate in line

segmentation, 99.5% accuracy rate in word segmentation, and 99% accuracy rate in

character recognitions
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Figure 1: Basic Steps of an OCR

(Source:https://www.researchgate.net/publication/222109100 A Complete_Workflo

w for Development of Bangla OCR/figures?lo=1)

2.2. Computer Keyboard Layout:
QWERTY’ Layout had moved from typewriter to computer keyboard in 1874. For the
first time, Herman Hollerith developed keypunch devices. By the 1930s, keys have

been included for typing texts and numbers. There are various types of Keyboard,

including desktop or full-size, laptop-size, Flexible Keyboard, hand held, Thumb size,
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multifunctional, etc. Three types of mechanical layouts are available- ISO, ANSI, and
JIS made worldwide, the United States, and Japanese standards, respectively. Total

keys are 105. By conversion, 104 keys are available in US Conventions.

2.2.1. Bangla fonts, Keyboard Interfaceand Layouts Development:
After Rifat Hassan Jihan, in the 21% century, we need a keyboard driver for
background processing, and the font is significant for displaying the character. Munir
Chowdhury took the first attempt to create a Bangla layout for a typewriter’s
QWERTY keyboard. At that time, Bangla language was documented in the ASCII
platform and machine dependable.

There are two types of fonts available in Bangladesh- ASCII format and Unicode
supported. For example,- popular ASCII format Bangla font is sutonnyMJ, and
Vrinda. By conversion, Unicode supported fonts like Vrinda, ShiyamRupali, Nikosh,
Kalpurush, Unibijoy, etc. At the change associated with century, aided by the arrival
of modern-day Bangla Sriramapur Mission Press and its foundry (steel casting for
movable types), took a task leading printing Bangla publications of different topics
and disciplines. The Bengali department regarding the Fort William College (est.
1800 to teach the English civilians in neighborhood languages) fortified that trend
while the School Book Society augmented Bangla printing circulation. The character
is a celebrated scholar of Bengali P, anditlswar Chandra Vidyasagar happened to be
Bangla Language Planning's historical designer. While besides he authored several
books, including grammar along with other topics in 1841 he became the pinnacle
Pandit associated with the Bengali and Sanskrit division of the Fort William College

not just he composed the essential Bangla mastering book “Borno Poricoy’ =53, He
introduced four letters being new connivance to Bangla orthography specifically: T, b,
¥, & His contribution, which is certainly biggest into Bangla publishing's growth,

ended up being which he took all the troubles (even torments) to work at the foundry
to design and create needed Bangla movable types. Thus, it came into being
theVidyasagar that is popular” for hand composing in old-fashioned letterpress
publishing Bangla publications, and so forth. This authorized of the composing that is

self-disciplined Bangla printing. Since said above, type creating foundry needed to
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deal with the number that is huge for movable kinds to cater to Bangla printing. In
1984 ‘BangkimLipi was created by Goutam Shen and ShatiBandapaddhaya under
Rahul Commerce in West Bengal. Jadavpur University in 1984 utilized this lipi by
having a user interface showing on the screen. It had been successful but didn't make
copies, which can be challenging. In 1986, Saif-Ud Doha Shahid created a lipi called
‘Shahid lipi.” It was perhaps not supported in MS-word, however, in Mackintosh.
Later on, it was found in a nationwide hit institute. In 1987, Mainul Hassan developed
a lipi known as ‘MainulLipi.” Bangla newspaper was initially published in Mainul
fonts. It was fundamentally an updated type of Bangkim script relating to first and
level. This is undoubtedly the second of Keyboard. In 1988, Ananda Computer
created ‘Ananda Lipi’; afterward, Bijoy 2000 was developed by Mustafa Jabbar. It
became the Bangla that is well-known Typing because of its better compatibility
issue. However, one needed to put in this pc software for decoding the written text
typed Bijoy that is using 2000. Bijoy 2000 keyboard introduced a design this is
undoubtedly brand-new. Avro may be the first Unicode supported Keyboard
manufactured by a genius student of Mymensingh university called medical Hassan
Khan in 2003. It is undoubtedly no-cost. Open-source software, having graphical
keyboard layout changer supporting Windows 2000, Vista, XP, Windows 7, Linux,
and Ubuntu. Among the salient features of Avro that provided large popularities
amongst lay/lame users had been its phonetic composting system with a standard
Keyboard that is English. In place of ASCII, Avro adapted the Unicode that managed
to make it a source computer software. This is undoubtedly open-source (Aktar,
2014).

There is an option to create a new keyboard layout in the Avro keyboard as well.
Unicode, a universal character encoding standard, was used to overcome ASCII's
problem over the internet. In 1987, it was introduced, and it used a unique symbol to
represent any sound of any language. So, many developers developed a keyboard
interface based on Unicode fonts. In the 19" century, individuals, and developers,
tried to build typewriters. ‘Sholes, and Glidden typewriter was the first commercially
successful  keyboard layout among many others. It was based on
‘QWERTY .’ Afterward, according to IBM Electric typewriter, a computer keyboard
layout has been developed. We see 104 or 105 keys in a standard keyboard layout. A
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variety of keyboard layouts, including unique models, sizes, and functions, are
available in the market. The layout means the pattern of keys in a keyboard. It was
used in typewriters before used on the computer. Some designs were chosen to use in
computers from those typewriters. Total 73 characters, including vowels, and digits,
are used in a minimal Bangla keyboard layout. The primary characters used in

Keyboard are as follows:

Vowel letters: TS HTT 4 9 & ¢ @

Consonant letters: T XA T T H A BB I T L TC AN TAFT IS NI ¥
ARTD AR Rl o

Signs, and digits: < fo 21 ¢ o g lo @l Eh S 08eYvabdob

Six Phalas also can be seen in recent keyboards like ‘T, <’ ,s7, %', and ““ Some

uncommon symbols like- & < R < a3 SoO N v [ he ¥~ are also available in

Keyboard Layout. As ‘QWERTY"’ layout is suitable so, all developers developed
Bang keyboard layouts based on it. More characters in Bangla Characters are key
mapped under regular layers, shift layers, AltGr layer, and Shift AltGr lasyer (Hassan,
2020).

Some significant features of the Bangla language are conjuncts. Almost 300 conjuncts
are available in Bangla. Conjuncts may construct like:

I+F=& (2 letter conjunct)
F+3+9=" ( 3 letter conjunct)

F++S-eT+-Tell= (4 letter conjuncts)

Some popular Bangla keyboard layouts are as follows:

1. Shahid Lipi 2. Inscript Keyboard 3. Jatiyo keyboard 4. Probhat 5. Ekushey
keyboard 6. Munier keyboard 7. Bijoy 8. Uni Gitanjali 9. Rupali keyboard 10.
UniBijoy keyboard 11. Ridmik keyboard 12. Mayabi keyboard 13. Bangla
word keyboard 14. Baishakhi keyboard 15. Avro keyboard
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2.2.1.1. Manner of using Keyboard Layouts for Windows/Linux/,
Android/IOS:

As we know that there are three kinds of keyboard interfaces available. So, the layouts
are being used differently. The interfaces are Bijoy Classic, which does not support
Unicode, Avro keyboard based on Unicode, and phonetically types to some extent,
Unicode supported Keyboard is UniBijoy. Ekattor, Bangla Ankur, Shaon Bengali,
Ekushe, etc., keyboards are also based on Unicode. There are two styles for typing

Bangla using keyboard layouts in a standard keyboard. For example,- If we want to

write ‘C¥& in oldest type keyboard, then we have to insert ‘¢z’first then for ‘¥’ next

‘“7’, and finally ‘=T, Bijoy, Munier, Lekhoni, Gitanjali, Satyajit, etc., are such types of
layouts. No keyboard is based phonetically entirely, yet some keyboards are known as
phonetically typed Keyboard. Hence, ‘C¥=" Unicode layouts (sometimes called
Bangla Phonetic Based Layouts)The dependent vowels are ordered after the

consonants it modifies, for example, should be typed like- first type ‘¥ then ‘¢z’ next

e’ and finally ‘=1, Such layouts are Unibijoy (modern style typing), Bangla Unicode,

national, Munir Unicode, Unijoy, Baishakhi, etc. On the other hand, the English to

Bangla transliteration scheme is used in transliteration-based layouts. Hence, It
follows the English ‘QWERT’ format, if we want to write ‘C¥eT” we have to type first
type ‘kh> “¥" then’ for ‘¢’ next ‘I’ for “&°°, and finally ‘a’ for ‘=1’ 3 That means we

have to type ‘khela’. Such types of layouts are Avro phonetic, Kickeys (Selim &
Ismail, 2014).

2.2.1.2. Keyboard Interface for Android Version:

There are many Unicode supported keyboard layouts in the apps platform. For
example, Ridmik, Mayabi, Bijoy Bayanno, Avro, Provat, Google Indic keyboard, G-
board. Some of them are based phonetically, and others are developed traditionally.
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2.2.1.2.1. Some Popular Bangla Keyboard Layouts:

In 1985, the Bangla language was first written on a Macintosh computer. We see that
180 keys were mapped under four layers. Later, developers from two Bangla
successfully wrote Bangla Language both in Mackintosh and Windows.There are
many types of keyboard layouts available for the Bangla language. “Most of the pc
software firms design, develop Bengali Keyboard, and computer software this is
undoubtedly associated commercial purpose. Some claim copyright throughout the
specific layout and prohibit other individuals from distributing that layout, and pc
software support is indeed associated. All the designs aren't medical or not designed
following the personality, therefore typing the frequency. There is an inclination to

keep unaspirated (s=eit), and aspirated (3=re<) phoneme under one secret, such < /k/
within the layer that is normal < /kh/ into the shift layer (Hassan, 2020)

Some popular layouts have been presented below-

Ol R RIeTea e R sa «fen JEHRA AT Gy dvve
AT AIAAT A2 5129 ARWIEI & @3 [ 71re F-@ (@-91S6
o FENI

Figure 2:Munir keyboard layout

(source: https://i.ytimg.com/vi/klsquGjesUs/maxresdefault.jpq)
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Figure 3: Shahid lipi keyboard layout (source:

https://upload.wikimedia.org/wikipedia/commons/thumb/e/e7/KB-

Bengali-Shahidlipi.svg/500px-KB-Bengali-Shahidlipi.svg.png)
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Figure 5: Bijoy keyboard
layout(source:https://www.wipo.int/export/sites/www/ipadvantage/imag
es/article 0101 2 845.jpq)

Figure 6: Unibijoy keyboard layout
(source:https://priozone.com/wp-content/uploads/2019/12/UniBijoy-

Layout.|pg)
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Figure 7: Avro Phonetic layout
(source:https://bn.wikipedia.org/wiki/%E0%A6%9A%EQ0%A6%BF%E0%
AB6%A4%EQ0%AT%EDY%E0%AE6%BO:Avro_Phonetic Keyboard Layout
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Figure 8: Avro Mouse click layout

(source:https://sifatblog.blogspot.com/2012/10/a-full-unicode-

supported-bangla-typing.html)
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Figure 9:Probhat keyboard layout
(Source:https://bn.m.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BF%E
0%A6%A4%E0%A7%8D%EN0%AE6%B0:KB-Bengali-Probhat.svq)
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Figure 10: Ridmik keyboard layout for android
(Source: https://apkpure.com/ridmik-keyboard/ridmik.keyboard)

29


https://sifatblog.blogspot.com/2012/10/a-full-unicode-supported-bangla-typing.html
https://sifatblog.blogspot.com/2012/10/a-full-unicode-supported-bangla-typing.html
https://bn.m.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BF%E0%A6%A4%E0%A7%8D%E0%A6%B0:KB-Bengali-Probhat.svg
https://bn.m.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BF%E0%A6%A4%E0%A7%8D%E0%A6%B0:KB-Bengali-Probhat.svg
https://apkpure.com/ridmik-keyboard/ridmik.keyboard
Reprography
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

¥ g ™ 12:55PM

Compose s ‘ @I'.j

From mayabisoft@gmail.com

mayabisoft@gmail.com

Q~GETS NS T i S

NI T Iar S S=w<s G|

Figure 11: Mayabi keyboard layout for android
(Source:https://image.winudf.com/v2/imagel/Y29tLm1heWFiaXNvZn

QuaWswdXRtZXRob2QubGF0aW5fc2NyZWVuXzRfMTU2Njk5
NzA5NI8wWNzE/screen-4.jpg?fakeurl=1&type=.ipq)

2.3. Latest Unicode Chart Version 13.0 of Bangla Languages:

There are 128 spaces (96 codes are assigned, and 32 code points are reserved) in the
Bangla language’s latest Unicode chart. These codes cover Bangla Scripts coverlike
Assamese, Bangla, Bishnupriya, Daphla, Garo, Hallam, Khasi, Manipuri, Mizo,
Munda, Naga, Riang, and Santali languages.

The place of Bengali in Unicode is 0980 — O9FF. Except that the built-in language,
this is undoubtedly complex. The alphabets and figures utilized in written kind reveal
significant complexity. Some diacritics (shorthand sort of vowel indications whenever
used in combination with consonants) are placed within the /eft associated with an
associated consonant: some are found in the proper. Some others are identified below.
And some other people have opportunities in both above, and left or appropriate, and
above. A few of these vowel signs or diacritics have unique signals in Unicode. In
contrast. Some diacritics have two components: one is put before the consonant and
the various other rest. There exists a rule this is undoubtedly unique for every single
among these indications. Nonetheless. These indications could be additionally

represented by incorporating two other regulations and are formally allowed. For
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example, The sign ‘¢=T" is also written combining ¢, ‘=T, and’. Some consonants also

have two components: a person is the critical human anatomy, and the various other is
just a unique sign ~Nukta’. This is undoubtedly the main character, on the other hand,
a dot placed directly under your body. Every one of them features an exceptional
location in Unicode as being a character. Your body, this is undoubtedly the primary
of these characters, gets the model of other personality. Which has places that can be
unique Unicode; additionally, the “Nukta” itself has a unique Unicode. Therefore,
these figures may be represented often by their particular special rule or a mix of two

Unicode’s. For instance, ‘S’ can be additionally compiled by combining ‘®’, and ‘3’

without seen by the reader. Once More. Some character combinations are often
represented with some special ligatures; the non-ligature types may also be
acceptable. The form that is non-ligature easily be gotten by placing a zero-width non-
joiner (ZWNJ) character (Unicode 200C). The ligature type and type that is non-
ligature (for example, @, and *f) could be interchangeably utilized to portray the bit 0
and 1 (Khairullah&Ratul, 2018).

Recently, the use of a separate Nukta for ¥ © T’ has not been accepted by the BCC

(Bangladesh Computer Council), which is bargaining with the UnicodeConsortium
for the atomic character code these. Bangladesh got membership in Unicode

Consortium in 2014, but we still have many problems that need to be solved.
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Figure 12: Official Bangla Unicode chart Version 13.0
(Source: https://unicode.org/charts/PDF/U0980.pdf)

2.4. Font Converter (ASCII to Unicode):

We inputted Bangla Language in the computer through ASCII format, but all
platforms were not supported. We have already overcome this problem with the help
of the Unicode system. “Most of the Bangla documents are stored in ASCII format.
Nowadays, Unicode font is getting popular for supporting all devices and for web
publication. Unicode font is the universally used coding system that provides a unique
number of every character irrespective of the platform, program, and language(MA.
Addison-Wesley, 2003).” On the other hand, we could not recognize the ASCII font if
the system does not have a particular font. ASCII is a machine dependable encoding
system. Some Unicode converters are- Avro converter developed by Omicron lab,
Nikosh converter designed by Bangladesh Election Commission, CRBLP developed

TTF to Unicode font converter, Intelligent Bengali Unicode Converter (IBUC)
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designed by S. Sazzadur Rahman et al. Another one is Bangla Unicode, and ASCII
Text converter that only supports Bijoy key mapping, Bijoy Ekushey converter is

developed by Ananda computer, and some online converters are available.

2.5. Text to Speech Converter:

RajanShaha et al., 2019, proposed a Bangla Text to speech system using deepneural
networks. Their database contains 40 hours of speech, including 12,500 utterances
and a pronunciation dictionary containing 1,35,000 words for front-end text
processing. Hence, a deep neural network extracts linguistic features and then
converts them into acoustic features. K.M. Azharul Hassan et al., 2014, developed
TTS tools based on text normalization and synthesis. Hence, text normalization and
synthesis follow the Bangla pronunciation rule. ShammurAbsar Chowdhury et al.,
2011, proposed a unit-selection-based speech synthesizer system for TTS. They
developed a new tool using ‘Katha’ TTS developed earlier. The first step of building a
parametric voice is collecting a large amount of speech data and the associated
transcriptions. There is no useful quality public TTS data available for Bangla.
Google has released their Bangla TTS data, but it contains only three hours of speech
recorded with multiple speakers. A few more public datasets are available, all of
which include merely a couple of hours of lecture. Those datasets were proposed for
Unit-selection TTS and acoustical analysis of Bangla Speech (Rajon Shaha Raju et
al., 2019). M. Masud Rashid et al., 2010, presented a framework based on text
normalization and di-phone preparation. Abu Naser et al., 2009, developed the
‘Shubachan’ TTS system based on di-phone concatenation. Firoz Alam et al., 2007,
created the ‘Katha’ TTS system based on the Festival toolkit.

2.6. Bangla Speech to Text Software:
Speech Recognition is a very challenging task in the field of BLP. Some software is
available in, android version, I0S version, windows version. ‘Speechtyping’ is online

software which only supports google chrome version 26 or upper. Hence, some
sounds cannot be recognized, for example, ‘®’, ‘B°, ‘@@, and ‘P@AFT, GATI these
words recognized, but spelling is not correct. The correct spelling of the terms

described aboveis ‘B@=a’, and ‘T . In, android version,we did not get any
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convenient tool. Most of the tools do not work or run correctly. “The difficulty of this
task is due to the acoustic similarity of many of the letters. Accurate recognition
requires the system to perform fine phonetic distinctions. English, and Bangla, two
languages belonging to Indo-European Family, have spectacular similarities and
differences in their phonemic systems (SAYEM, 2014).”

2.7. Bangla Search Engine:
There are many popular search engines like Google, Bing, Yahoo, Baidu, but before
2013, there was no Bangla search engine. For the first time, we got a Bangla search
engine named ‘PIPILIKA’ in 2013. It was a joint project by SUST and GP IT Ltd.
Some features added in February 2018 of the ‘PIPILIKA’:
1. Four search options are available- Product search, Job search, Library search
& Latest news
2. One can search either in Bangla or English
3. This search engine can automatically analyze and preserve Bangla Blog,
Bangla Wikipedia, the Latest news of Bangla, and English and Government

information.

2.8. Bangla Pronunciation Software:

Thus far, this field, ‘Bangla Academy’, has come up with a publication of a
"UccharonObhidhan"— ‘Pronunciation Dictionary’ that lacks linguistically recognized
IPA  (International ~ Phonetic  Alphabets) inscriptions  for  practicing
pronunciations. NIMCO had published a pronunciation dictionary couple of years
back, but that was not acclaimed by the scholars/P, and its, and users. Their activities
are inadequate for general/free use and designed only for the electronic media
performers - thus not available for extensive everyday use. Modern Language Institute
of Dhaka University has no such materials except a CD produced jointly with the
Ananda Computer. But that is only an abridged recording tailored for foreign
learners/travelers in Bangladesh. BCC (BangladeshComputer Council) has started a
project related to Bangla language processing but, there has no program of working
on Bangla pronunciation within its 16 components master plan. They just collected

some situation-based speeches for annotation. On the other h, and in google translate,
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there is an option for the pronunciation of Bangla words. But that is not being
authenticated and validated by the scholars or linguists. Also, their data is protected
and will not be opened for developing any tools. The Bangladesh Government has
also undertaken an initiative to define the Bangla language's practical usages through
education and training (National Curriculum 2012, and forthcoming Curriculum). A
project named ‘Standard Pronunciation of Selective Bangla Words: Digitalization,
and Preservation’ is going on at North South University. In this project, almost 30,000
plus words categorically will be preserved through an audio file.

2.9. Bangla Word Clustering:

Bangla word clustering is significant for POS tagging, and it helps develop tools like
spell checker, grammar checker, text classification, etc.Sabbir Ismail et al., 2014
developed Bangla word clustering based on the N-gram language model where
2,51,89,733 individual words facilitate effective employment of unsupervised
machine learning-based clustering. Also, it was based on their semantic and

contextual similarity.

2.10. Bangla POS Tagging Software:

Parts of Speech tagging is very significant in Bangla Language processing. It will help
develop tools like speech to text, vice-versa, Machine Translation, Call Assistance,
etc. In Bangla Language, this tool is not developed according to expert expectations,
as Bangla is complex. There are two methods of POS tagging, including statistical
and deep neural networks. Several works have been done in two ways. The top job
has been done in a rule-based manner. In 2018, Md. Nazim Uddin et al. proposed a
hybrid method combining statistical with neural network approach for Bangla POS
tagging. They used a lot of tagged data and a converter for converting words to their
root. They claimed their accuracy is 91.2%. In 2015, M. N. Haque and M. H.
Seddiqui. proposed a Bangla POS tagger based on stemmer and rule-based analysis.
In 2012, K. Sarkar and V. Gayen proposed a statistical method where used trigram

and second-order Hidden Markov Model (HMM) for Bangla Parts of Speech Tagging.
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2.11. Bangla Sentiment Analysis Software:

Sentiment analysis is very significant for machine translation. It is a challenging task
to find out the exact emotion. In SUST, some researchers developed their dataset
collected recorded full sentences of different contexts like angry mood, fund mood,
everyday mood, loudly, and many more from other users. In BCC, a team developed a

sentiment analysis software where the tool only recognizes “©IC=" as positive, but if

we put 9O Sl 49 then the software also indicates positive. But the fact is the

/meaning of the phrases is negative.

Sentiment evaluation (SA) involves removing the level. This is undoubtedly
emotional of observation, evaluation, or viewpoint on various social aspects such as
items, solutions, or individuals. This has developed into research this is certainly well-
known in normal Language Processing (NLP) for enabling a machine to recognize
just the right sentiments of texts. Recently, there have been works that can be
numerous SA emphasizing English or other languages, but relatively fewer tasks are
significant in Bangla. Many earlier deals with SA into the Bangla language have been
completed integrating machine discovering algorithms. Still, an in-depth approach
that is learn-ing is rarely found due to the scarcity of massive datasets. In this work,
the researcher presentsBangla's performance by the deep is discovering, and device
under, anding gets near making use of various term systems. This is undoubtedly
embedding, then compare among all formulas using some analytical procedures to
learn the overall performance methods that are best for Bangla binary sentiment from
texts. Hence, the researchers also provide a pre-trained design that is fine-tuned Bn
Sentiment to be used by the researchers and people who like to automate the detection
of sentiment polarity on their review system. This module makes healthy the Bangla
NLP neighborhood for additional analysis. The design has a reliability of 84.5%,

which has been trained on a dataset that is sufficiently huge (Kowsar, 2020).

2.12. Bangla Spell Checker:

So far, we have no complete Bangla spell checker. For example, in English, we have

an inbuilt spell checker responsible for spelling correction, sentence structure
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correction, analyzing context, suggesting edits, and many more options in Microsoft
word. English language and other language’s like, Arabic, Chinese, and Hindi have
their spell checker, which works well. In Bangla language first attempt was taken by
‘Proshika’. They launched a spell checker named ‘NIRVOOL’. But it is just primary
level and slow. Sometimes, the computer gets hangs. A significant lacking is that
there are no similar-sounding word suggestions. Many more researchers did their
work on automatic spelling corrections of Bangla Language and showed their
accuracy. We will discuss this in detail here. But the main problem is the corpus size.

2.12.1. Error Types of Spell Checker:

There are few error types which are described below in short-

Two kinds of typing errors were classified by Kukich. The errors- Real-word error,

and another other is the non-word error. (K Kukich, 1992). =if¥ ¢omcs 12 in this

sentence ‘¥1%’ is a valid word, real-word error, but grammatically incorrect. On the

other hand, the example of non-word error, might be as following:

Ffl CSINICE B9~ in this sentence‘Bl€’is a non-word error because it is not a valid

word.

2.12.2. Non-word Error Types:

QI the word may be shown error like;

Insertion: ‘T "here =7 is inserted

Deletion: ‘I/ETC" here 1’ is deleted

Substitution: <M= "here ‘< is substituted

Transposition: ‘NETWC or “[NECAW’ here ‘¢°, and @’ are not in the right

position.
These are typographical errors. Another error is a cognitive error. The mental

mistake refers to that when a person lacks knowledge.

2.12.3. Cognitive Error Types:
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Spelling mistake: AT (A(&F- AT or @I

Incomplete sentence: “gf @IEe...)

Lack of coherence: ‘I QN> (MT*E =S’

Invalid Sentence:; ‘™ Wfoce 9=kEe’

Punctuation Marks error: ‘S 3qe <l foq<g or @IF| 7S AeroTag’
Redundant part: ‘&= @5 (Double plural)

‘q3fqe’(9Fa+3) (ASF-aFF’) here 29’ is redundant suffix.

Lack of collocation: ‘a0f (=fte’ (7f6<- “aifsienwr)

or W (RCA @@

The complexity of homophonous words (same pronunciation, but meaning,

and spelling are different): “®fe" ‘<=

The complexity of homograph (same spelling, but different meaning): v
QI A HAT FACR (4 A= =)

Ol GLF WA O (‘WA oe-wwe! @)

Tense error; ‘feF&, iy AR’

Subject-verb agreement error: ‘=Ify &0 F4.’

Error in Proverbs: "SIVl o4 (bf meaning ‘@#mef

oIy TR B is not correct for @remIL’

Space among words: ‘@’ (I “weaIT)

Write according to pronunciation: ‘iz <=1 S A’ (3<6- )
Almost similar ligature: ‘S’‘&’

Similarity between ligature and letter: ‘@’ ‘@’; “8’ &’

Sound change: I’ (¥91), but if we analyze the % ’then we get = $+3.
Phoneme: Grapheme= 1:1 (Absent), but 1: many
for examples: ‘< ‘& [n]; " T [[]; & T [j]; € ‘= [n]
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2.12.4. Spell Checker Developing by BCCand Others

At present (202), the Bangladesh computer council is developing a spell checker,
launched soon. Correct the non-word error: Used technique/Algorithm (Edit distance).
Correct the Real word-error: Used technique/ Algorithm (N-gram models). Mittra et
al., 2019, proposed a hybrid approach by combining edit distance algorithm, and
probability-based n-gram language model has been used. They focused on both
structural and syntactic similarities—Corpus was used in this research containing 0.5
million words and 50,000 n-gram sentences to detect and correct errors. N-gram
models are calculated using the principle of linear interpolation model. A grouped-
based dictionary where each of the words equal length is grouped was used. That is
why time and space complexity is minimized. They collected sources online. 97%
accuracy is claimed. Md. Tarek Habib et al., 2018, proposed a context-sensitive
approach where they had achieved a satisfactory and promising accuracy of 87.58%.
This research's main features are musing edit distance, and stochastic, N-gram
language model (Used six N-gram models, including forwarding bigram & trigram,
backward bigram & trigram, and combined bigram & trigram). Under the proposed
model researcher used both context-free and context-sensitive approaches. Edit
distance is responsible for context-free assessment, and N-gram is accountable for
context-sensitive approach. They used 3,734,596 words and 312,449 sentences as a
test dataset. (Islam, M. I. K et al., 2018). After Tarek Habib et al., 2018, The
following table represents some methods applied by a researcher with the type of

error handled.
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Algorithm/

Developer/ Size of Accuracy Errors
Method
Researcher the data % Handled
Used
MuhammadIfte
_ o 150,000 Non-word
Khairul Islam et al., Edit distance 96.83%
words error
2019
Context- 3734,596
) sensitive words,
Md. Tarek Habib et ) Non-word
technique based and 87.58%
al., 2018 error
on N-gram, and | 312,449
edit distance sentences
Prianka M,
andal, B M phonetic,
Mainul Clustering 2450 99.8% typograph
Hossain, ical
2017
50,000cor
rect
) N-gram model | words,
HossainKhan 96.17% Non-word
Character- and
etal., 2014 error
based 50,000
incorrect
words
90.8% for
correcting single
Stemming error complex
Md. Zahurul Islam ) 13,000 _ _
algorithm and misspellings, and | orthograp
etal., 2007 o words )
edit distance 67% for correct | hic rules
multiple error
misspellings
M. K. Munshi et al., o 92% for substitutio
Finite-state o
2007 ) 291 correcting single | nerrors,
automation _ _
character insertion
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misspellings, and errors
70% for
correcting
multiple
character
misspellings
o phonetic,
2-edit distance
N. Uzzaman, and M. _ typograph
and phonetic 1607 91.67% )
Khan, 2006 _ ical, OCR
encoding
generated
typograph
Direct yp. Jrap
o ical
Abdullah & Dictionary
errors,
Rahman, 2004 lookup method,
) NM NM and
and Recursive .
. . cognitive
Simulation )
) phonetic
algorithm
errors
) phonetic,
N. Uzzaman, and M. phonetic
) *NM More than 80% | typograph
Khan, 2004 encoding )
ical
high accuracy
Bidyut Baran String matching | 25,000 with 5% false phonetic
Chaudhuri, 2001) algorithm words positive error
detection

Table 1:Comparative study of Bangla Spell Checker Performance

2.13. Machine Translation (MT):

In the late 1950s, the researcher started work on Machine Translation with high hope

and little realization of the difficulties. In the early 1960s, noticeable work was done.

Still, it was perceived at the same time that without the necessary work on the text

‘under, anding’, it is not possible to present fully automatic high-quality translation.

In the United States, very few projects on machine translation have been addressed in
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computational linguistics. There are substantial projects in Europe and Japan (Slocum,
1984, 1985; Tucker, 1984).

In Bangladesh, the research on machine translation started in 1991. Earlier the
statistical machine translation was used. Afterward, in the 21% century, the deep
neural network was created to explore. Nowadays, we moved from SMT (Statistical
Machine Translation) to NMT (Neural Machine Translation) for getting better output.
We see most of the machine translations are being applied to Bangla to English, and
vice-versa. According to FirojAlom et al., 2019, they proposed an NMT approach
where they used publicly available corpora, including Indic Languages Multilingual
Parallel Corpus approach (ILMPC), Six Indian Parallel Corpora (SIPC), Penn-
Treebank Bangla-English parallel Corpora (PTB), SUPara Corpora, AmaderCat
corpus. Professor Abdullah Al Mumin et al., 2014 developed a corpus consisting of
27 million words for machine translation. Bangladesh Computer Council is working
on machine translation. Language modeling is a very significant task to apply many
tools successfully. Shuvendu Roy, 2019, proposed a method named the convolution
architecture approach to model the Bangla language two datasets used- English and

Bangla.

2.14. Bangla Corpus:

In the 21* century, the Bangla language cannot be computerized up to the user’s dem,
and only for the lack of a Bangla corpus. The available English Language corpus is
British National Corpus (BNC), American National Corpus (ANC).Md. Abdullah Al
Mumin et al., 2014, developed a SuMono Bangla Corpus consisting of 27 million
words. This study ran in 2010. SuMono corpus sources are into six categories: natural
science, social science, computer, IT, Literature, Mass Media, and blogs. Bangladesh
Computer council are developing a written based corpus. Md. Farukuzzaman et al.,
2017, created a new Bangla corpus named BDNCO01 with analysis. They spend nearly
six years collecting around 12 million-word tokens, including literary canon. The
sources were newspapers, includingProthomAlo, Daily Jugantor, Ingilab, Amar Desh,
Daily Ittefag, VhorerKagaj. The collection period was between 2004 to 2010. It is

preserved in both ASCII and Unicode format.
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Chapter 3

Theoretical Discussion

3.1.Language Processing:

There are two types of language processing -language processing in the human brain
and, on the other hand, language processing in a computer. Shortly, we discussed the
processing of language in the human brain, but our primary focus is the processing of
speech on the computer.

3.1.1. Language Processing in the Human Brain:

Language processing in the brain is very complicated. From 1861, Researchers started
to figure out the parts involving language processing. At that time, Paul Broca, a
French neurosurgeon, proved that the brain's left hemisphere is responsible for speech
production and was the first to identify the language center situated in the posterior
portion of the frontal lobe of the left hemisphere. Now it is known as Broca’s area.
About ten years later, Carl Wernicke, a German neurologist, discovered another part
of the human brain situated in the posterior portion of the left temporal lobe. This
portion helps to understand the language. Broca’s area is Broadman area 44/45, and

Wernicke’s area is Broadman area 42/22 [figure 13]
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Figure 13:Anatomical, and cytoarchitectonic details of the left hemisphere
(source:https://journals.physiology.org/doi/full/10.1152/physrev.00006.20
11))

3.1.1.1. The Functions of Broca Area:

Pierre Paul Broca names this area after an investigation, which reveals that a

person lost the ability to speak for the reason of injury to the posterior inferior

frontal gyrus of his brain. The main functions of Broca’s area:

)] Language production

i) Language comprehension to some extent (Devlin et al. 2003)

iii) It deals with semantic tasks, including understanding the meaning of
the word.

iv) It focuses on phonological tasks, including knowing the sound of the
word.

V) Speech production

vi) Facial expression

vii)  Body Language
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3.1.1.2. The Function of Wernicke Area:
Wernicke's location is known for the physician who first identified the region's tasks
associated with the brain. Carl Wernicke, a 26-year-old physician-in-training in the
early 1870s, saw several patients with the same language under and low. Their
manufacturing had been disrupted as well. That they had difficulty finding words and
produced many non-words (neologisms) and semantically associated term
substitutions although they spoke fluently, their particular speech made small
feelings(Saffran, 2002). After Alfredo Ardila et al., 2016, the main functions of the
Wernicke area are-
I.  Language understanding
ii. Itrecognizes phonemes and words (vocabulary).
iii. A way for linking the sensory patterns of words to the distributed
associations that encode their meaning (Mesulam, 2001).
Iv. Itisincluded in language network as a third central hub that plays a critical
role in language comprehension, particularly the understanding of words

that denote concrete entities (Mesulam, 2013)

3.1.2. Brodman Area:

In the early 1900°s German anatomist Korbinian Brodmann defined and numbered the
Brodmann areas of the cerebral cortex. These areas initially were based on a
cytoarchitectural organization of neurons in the cerebral cortex. Zone 4, known as the
primary motor cortex, is responsible for executive motor movements, including finger
movements. Area 5 is responsible for various functions, but language processing is
one of the most crucial roles. By conversion, zone 6 is vital for language and memory
functions, including speech motor programming, language processing, switching,
speech perception, object naming, lip-reading, word retrieval, the lexical decision on
words, and pseudowords, syntactical processing, etc.The essential functions of

different areas are as follows:
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Figure 14: Brodman area overview

(Source: https://www.kenhub.com/en/library/anatomy/brodmann-areas)

critical facts about Brodmann areas (Brodmann Areas: Anatomy and Functions |
Kenhub, n.d.)

Areas 1, 2, 3 Primary somatosensory cortex (postcentral gyrus)
Area 4 Primary motor cortex (precentral gyrus)
Area 5 Somatosensory association cortex
Area 6 Premotor and supplementary motor cortex
Dorsolateral/anterior prefrontal cortex (motor planning and
Areas organization)
Area 10 The anterior prefrontal cortex (memory retrieval)
Area 17 Primary visual cortex
Area 22 Primary auditory cortex
Area 37 Occipitotemporal (fusiform) gyrus
Areas 22, 39,
40 Wernicke's area (language comprehension)
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Our primary focus is Bangla Language processing in Bangladesh. Now we have to
shift towards natural language processing

3.1.3. Natural Language Processing in Computer:

Simply, Natural Language Processing means how a computer communicates with a
human being like a human. Nowadays, it is also known as the branch of artificial
intelligence (Al). Natural Language Processing is a technology to aid computers in
understand and the human’s natural language.lt works like a bridge between human
beings and computers. The final purpose of NLP is to recognize, decode, understand,

and give output in a way that can be valuable for us (Michael, 2018).

Input Sentence

[ [

il I7 Natural Language Processing < >
Lexical E:) Syntactic E:> Semantic [D Output
Analysis Analysis Analysis Transformation

1

A

Output Data

Figure 15: Natural Language Processing
steps(source:https://www.researchgate.net/figure/Natural-Language-Processing-
steps_figl_311705165)

3.2. Language Processing Tools:

There are many Natural Language Processing software. For example, Optical
Character Recognition, Machine translator, Speech to text software, Text to speech
software, Spell, grammar checker, Font converter, IPA transcription, Sentiment
analyzer, etc. POS tagging. Stemmer, Keyboard interface, fonts, etc. Some of the

tools have been discussed below.

3.2.1. Machine Translation (MT):

By machine translation, one can translate a complete sentence from the source
language (SL) to the target language (TL) as error-free. Nowadays, we see a vast

improvement in its technology, including user data, information, and technology.
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It can be considered a useful tool that can impact the global commercial market of
cross-lingual information, interlingual communication, and information exchange.
Moreover, it is now a cross-disciplinary sector directly impacting e-commerce,
localization, and knowledge-based society (Winograd 1983). Representative Corpus is
a must for a representative Machine Translation Tool. Conceptually, the device that is
a corpus-based (CBMT) system is founded on a range of dilemmas developed from an
empirical evaluation of BTC. The evaluation work requires both linguistic
(morphological, semantic, and explanation. This is certainly practical of terms,
expressions, phrases, sentences, etc.), extralinguistic analyses of data, and information
present in a BTC. It uses different analytical ways to generate likelihood data from
BTC to identify the nearest interpretation possible through the two languages
(Altenberg and Ajmer, 2000). After Niladri Sekhar Dash, and L. Ramamoorthy, 2019,
the primary issues relating to the development of a CBMT system are the followings:

(a) Generation of bilingual translation corpus,

(b) Alignment of bilingual translation corpus,

(c) Linguistic analysis of bilingual translation corpus,

(d) Extraction of translational equivalents,

(e) Generation of the terminology data bank,

(f) Building a bilingual dictionary,

(9) Algorithm for lexical selection,

(h) Dissolving lexical ambiguity,

(i) Formation of grammatical mapping rules,

(1) Formation of lexical mapping rules,

(k) Selection of translational equivalents,

() Addition of pragmatic information,

(m) Addition of sentential information.

3.2.2. Optical Character Recognition (OCR):

Optical Character Recognition (OCR) is a tool by which one can do the following

things:Digitized an image, type, print text, scanned documents, screenshots,

handwritten documents, etc., for searching, editing, or sorting from a digital version.

It works with Artificial Intelligence (Al), Pattern Recognition, and Computer Vision.
OCR can recognize:
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An image

Typed documents

Printed texts

Scanned documents

Screenshots

Handwritten documents

A scene photo, including texts on signs, text on billboard-in a landscape

photo

3.2.2.1. Basic Steps of an OCR:

The necessary steps of OCR are discussed shortly below:

1.

Scanning/ Image Acquisition/ Document Input/ Optical Scanning

Location Segmentation

2
3. Segmentation
4,
5
6
7

Preprocessing

Feature Extraction or Pattern Recognition

. Training and Recognition/ Recognition using one or more classifiers

. Contextual Verification or post Processing

3.2.3. Spell Checker:

The spell checker checks misspelled words. For the English language, the research on

Spell Checker started in 1961. Based on the Mainframe computer, around the 1970s

spell checker was developed. Common used methods are-clustering, edit-distance,

phonetic encoding, string matching algorithm, stemming algorithm, etc. There are

several types of spell checkers. For Example,-

1.
2.

Detect wrong words, and make suggestions

Search correct spelling through a search engine from an inbuilt electronic
dictionary

Some spell checker is developed with an electronic dictionary, including

grammatical definitions.

3.2.3.1. Some Features of Spell Checker:
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A spell checker should include:
e A search engine
e An electronic dictionary
e Autocorrect/autosuggestions
e Detect all kind of errors, including non-word error, cognitive error, and

typos

3.2.4. Fonts:
A specific form, including the weight, size, and style, is known as a font. The
characteristics of fonts include-

e weight,

e slope,

e wide,

e length,

e metrics,

e optical size,

e sheriffs

e Character variants.

Some features of the fonts have been shown by the following figures 16, 17, 18, 19,
and 20-

Figurel6: Typeface nomenclature for the Bengali Script (Ross, 1999)
(Source: Karim et al., 2013, p-4)
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< A \/

Figure 17: Foundry typeface no.6 used by Ananda Bazar Patrika Ltd before 1982
(Ross,2013)

(Source: Karim et al., 2013, p-6)

R
j y y z
it e
ey 660 (-T00 1-600 (-500 300 1200 |- 100 (200 1900 1460 o
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,29(‘ ?19, }n‘;
i

Figure 18: Establishing the dimensions using the resonant glyph with superscript and
subscript (Ross, 2013) [Source: Karim et al., 2013, p-9]
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TC 2 TG
TC 2 TEE

Figure 19: An example, of Bengali type forms in two weights that need to show
affiliation, and differentiation (Ross, 2013) [Source: Karim et al., 2013, p-9]

Qi TOTeve bi2ol fUead
i [ofeme biget Teiaw

Figure 20: ‘Bangla digital type design’ set in Linotype Bengali light, and bold (Ross,
2013)

(Source: Karim et al., 2013, p-11)

3.2.4.1. Unicode:

Unicode Consortium manages this Unicode system. This uniform encoding system
started in 1987. In 1991 the first version was released. There are some UTF (Unicode
Transformation Formats)-UTF-8, UTF-16, and UTF-32. “Unicode is an ‘international
multi-byte character encoding that covers virtually all of the world’s languages,” and
assists in the portability of documents (Adobe, 2008, p: 2).” All languages of the
world have come to a unique encoding scheme. Almost 1,40,000 plus characters are
included in version 13.0. Not only characters but also ‘emoji’ has been included. All
types of letters, characters, digits, punctuation marks, diacritic marks, technical
symbols, trade symbols, and special characters have been included in this uniform

encoding system.
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3.2.4.2. ASCII:

ASCII's elaboration is American Standard Code For Information Interchange, an
encoding system having 128 characters, including numbers, letters through, and
punctuation marks through the computer. Earlier it was based on seven digits, now it
moved to 8 digits, and the total number of characters is 256. Before, it was based on
teletypewriters, but it is later used in modern applications until now. In 1981, this

code was introduced by the International Business Machines Corporation (IBM).

3.2.5. Keyboard Interface and Keyboard Layout:
The console is a little PC of sorts. It is equipped for sending, getting orders, buffering
information, and keeping up with wanted settings. This application note will make

just arrangement with the console sending information.

Each key on a console is relegated to a sweeping code. This output code, a two-digit
hexadecimal number for most tickets, is sent by the console whenever the key is
squeezed. The code will be sent repeatedly on the off chance that the key is held down
for more than its typematic defer. When the key is delivered, the console sends FO in
hex, and afterward, the sweep code of the key is provided. This works for all keys on

the console. A fascinating note is about the "covers lock,” "num lock,” and
"parchment lock™ keys. These keys have a LED on most consoles that is flipped here
and there as the key is squeezed. This LED is constrained by the gadget regulator, the
console, and your PC much of the time. At the point when you press the "covers lock™
key, for instance, the console tells your PC that the key has been squeezed, and the PC

advises the console to turn on or off, by and large, the corresponding (Hassan, 2020)

3.2.6. Speech to Text Converter:

Speech annotation is obligatory for speech to text converter. Hence, we insert our
voice throughthe microphone, and we get a digital waveform from the analog.The
recognition system's primary function is to annotate the inserted waveform's
necessary data to present the correct output. Training and recognition are the two

phases of the system’s operation. In the training phase, data for known classes are fed
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to the system. The system computes the pattern features for unknown input in the
recognition phase and identifies the information with the reference pattern matching
these features most closely (SAYEM, 2014). Then the annotated speech converts into
text.

3.2.7. Text to Speech Converter:

Text to speech software is a process where text can be converted into sounds. It is a
challenging task also. Sometimes, software got hang during the process. It is seen that
some words can not be converted into speech in the android version. “Text to speech
(TTS) is software or hardwaresystem for speech synthesis application that is used to
create a spoken sound versionof the text from computer document. The purpose of
TTS is to enable the reading of computer document or information for the visually
challenged persons, or may be used to augment the reading of a text message(W.
Ainsworth, 1973, pp-288-290).”

3.2.8. Corpus:

A corpus is a collection of large amounts of text where we can find any grammatical
components and structure of the features.“A corpus is a collection of language text
pieces in electronic form, selected according to external criteria to represent, as far as
possible, a language or language variety as a source of Data for linguistic data (John
Sinclair, 2004).” There are two types of standard language corpora, including

everyday speech and standard written corpus.

3.2.8.1. Speech Corpus:
It represents the large dataset of speeches from the various context of our daily life.
For example,- discourse of classes, offices, markets, public transports, seminars,
interviews, family, etc., with transliteration. There are two types of speech corpora,
including Reading speech and spontaneous speech. Contexts above are considered as
automatic speech. On the other h, and, Read speech like-

e Readout Books

e Broadcasts News

e Audio Books
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e list of words

e list of numbers, and many more

3.2.8.2. Written Corpus:

According to Md. Farukuzzaman et al., 2017, any selection must be made on some

criteria to collect a corpus. The first significant step in corpus building is

determiningwhich text from the corpus will be selected. Common criteria include-

The text; whether the language originates in speech or writing, or perhaps
nowadays in electronic mode.

For example, the text type is written, whether a book, a journal, a notice, or a
letter.

The domain of the text, for example, whether academic or popular.

The language or languages or language varieties of the corpus.

The location of the text, for example, (the English of) the UK or Australia.
The date or period of the text.
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Chapter 4

Methodology
4.1. Method:

Our research title and subject demand the interview of Experts as well as users in this
field. We have conducted this study through the qualitative method; an interview
exercise and document analysis have been chosen. We used some semi-structured
questions for the interview session. As the pandemic situation is ongoing, so all
interviews have been done virtually. There are three types of methodology available
for example, Qualitative, quantitative, and mixed-method. This study followed the
qualitative method. We set some semi-structured questions for the interview and also

questionnaires for data collection.

4.2. Research Question:

a) Main Research Question:

What developments have been made in the field of Bangla Natural Language
processing tools in Bangladesh?

This main query will motivate us to know the answer to the following supplementary

questions:

b) Supplementary Questions
I. What is the recent development of BLP tools in Bangladesh?
Il. What are the limitations of developing the BLP tools in Bangladesh?
[1l. How many BLP tools are available now?
IV. What are the challenges in developing BLP tools?
V. Are there any linguistic challenges?
VI. Are there any technical challenges?
VII. Which sectors are involving in developing BLP tools?
VIII. Which software companies are actively working on BLP?
IX. Is there any collaboration in developing BPL tools?
X. What measures to be taken for the further development of BLP tools in

Bangladesh?
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4.3. Justification of the Semi-structured Questions:

The main research question deals with the overall state of Bangla Language
Processing, including Machine Translation (MT), Optical Character Recognition
(OCR), Bangla Spell Checker, Bangla Keyboard Interface & Layout, Fonts, Speech to
Text Converter, Text to Speech Converter, IPA Transcription, Sentiment Analysis,
Bangla Corpus, etc. in -Bangladesh. We came to know the present status of Bangla
Language processing in Bangladesh by the first question. The second one answered
what kind of bugs need to be solved and BLP tools' compatibility for different
platforms. The background history of our research has been answered by third
questions. The third question discussed the overall challenges while developing
Bangla Language Processing Tools. The fourth question presented specific challenges
in terms of linguistic and technical in developing BLP tools. The next two sub-
questions under the fifth questions informed the organization's activity or institution
in this field. Our last question has discussed some recommendations.

4.4. Data collection:

Some free software running for both Android and Windows were taken, and paid
software like Bijoy Bayyanno version: 2016, 2020 was used in windows 10, windows
ten pro. The following conjuncts have been presented in different fonts, including
SutonnyMJ, Kalpurush, Nikosh, AdorshaLipi, SolaimaniLipi, Akash Lipi, SagorLipi,
UniBanglaOMJ. Only SutonnyMJ has been shown in three typefaces, including
regular, italic, and bold, for understanding the aesthetic view or anomalies of

displaying other fonts indeed.
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PO:F+9O =%
FTF+I=@
IF+I+T=0
INF4+I=F
FF+A=
TA+T=w
T:N+4=%=%
e +F=7
6+ N=%
GG + P =%
@gh: &+ =
W B+ T =G
G:T+5=0
FA+I=9

G:q4+T =9

TN +I+C=7
ZuN+I+C=m
B:T+0=79

O+ =9

§I+9+T=8§
T+ ="
TA+T=7]
Ted+T+T=1
TEA+A=7

A +T=
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Our selected, android apps were Bangla OCR, Text to Speech, and vice-versa,
Keyboard interface. By conversion, Bijoy Bayanno 2016, Bijoy Bayanno 2020, Avro
keyboard 5.5.0, Avro Spell-checker, Sentiment Analyzer were selected for the
Windows platform. Online Bangla OCR, Spell-checker, Bijoy to Unicode converter,
Unicode to Bijoy converter, Google translator, Speech to Text, Text to speech, IPA
transcription were selected as well. Some letters, words, and sentences have been
input for Text to Speech, Spell-checker, google translator, and IPA transcription.
Some sounds, pronunciation of words, and sentences have been input for Speech text,
Sentiment analysis. Some Bangla documents as images and pdf had been selected for
scanning by Bangla OCR. The details of the text, utterance, and tools tested have been

presented in detail in data presentation chapter five.

4.5. Tools used for Typing the Fonts:

Two keyboard drivers and some fonts are used for analyzing the typeface of the data
described above. Bijoy Bayyanno 2020 and Avro 5.5.0.0 keyboard drivers were used.
Both the Bijoy Classic and Bijoy Unicode were used. Fonts like SutonnyMJ,
Kalpurush, Shonar Bangla, Nikosh, Adorsho Lipi, Solaimani Lipi, Akash Lipi, Sagor
Lipi, UnibanglaOMJ have been used.

4.6. Devices used for Software Testing:

We used Redmi 9C (MIUI version-MIUI Global 12.0.1 stable; android version-
10QP1A. 190711.020)and OPPO A371 (Version-5.11, processor
QualcommMSM8916Quadcore) for testing, android apps. On the other hand, Desktop
(Windows 10) and Laptop (Window s 10 Pro; DESKTOP-35F3HM7; Processor-
AMD A4-9125 RADEON R3 COMPUTER CORE 2C+2G 2.3GHz, 64 bit)

4.7. Interviewee Selection:

We have collected data from five interviewee groups, including policymaker,
language expert, technology expert, developer& user group. The number of
policymakers was three to four, language experts were five, technology experts were

four and researchers were four to five, and finally, users were four to five.
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a) Language expert:

1. Professor (Retd.) Daniul Hag, Bangla Department, Jahangirnagar university

2. Professor Dr. Shakhawat Ansari, Department of Linguistics, University of Dhaka

3. Professor Md. Sajjadul Islam, Bangla Department, Jahangirnagar university

4. Associate Professor, Tarik Manzoor, Bangla Department, University of Dhaka

5. Associate Professor. Mohammad Azam, Bangla Department, University of Dhaka

6. Associate Professor Dr. Mamun Or Rashid, Jahangirnagar university

b) Technological Expert:
1. Prof. Dr. Md. Zafar Ikbal, CSE, SUST
2. Prof. Dr. Abdullah Al Mumin, CSE, SUST
3. Associate Professor Dr. Nabil Mohammad, CSE, NSU

c) Researcher Group:

1.

Prof. Dr. Niladri Shekhor Dash, IS, India

2. Assistant Professor Mashrur Imtiaz, Department of Linguistics, DU
3.
4. Arif Ahmed, Information Science, Leading University, Sylhet

Rifat Hasan Jihad, Mechanical Engineering, KHUET

d) User Group:

1. A.S.M Shakil Haider, Ph.D.candidate, Texas Tech University, USA
2. Sabbir Mollah, CSE, North South University

3. Sayada Jahan, M.Ed (Continuing), IER, University of Dhaka

4. SanjidAlom, Arabic language, University of Rajshahi

4.8. The summary of Our Interview:

Professor Dr. DaniulHaq, JU, said,

1) We need a compatible keyboard layout

2) We have spaces in Unicode where we can insert our necessary ligatures.

Recently, we found almost 300 ligatures in a workshop. By conversion, the

current keyboard support nearly 250 ligatures.
Professor Dr. Muhammad Zafar Ikbal, SUST, said,
1) We are working much better in Bangla Language processing than before
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2) Initially, six students are conducting their Ph.D. on Bangla language
processing in SUST.

Prof. Abdullah Al Mumin, SUST, said,

1) Collaboration is a must for developing BLP software.

2) Lack of motivation researcher seems less interested in this field rather than
other areas.

Associate Professor Dr. Tarik Manjoor, DU, said,

1) Bijoy or Avro keyboard should develop an inbuilt speech to text converter like
Google Board.

2) We need a spell and grammar checker.

Associate Professor Dr. Mamun Or Rashid, JU, said,

1) We are developing some BLP tools like Bangla Spell Checker, Bangla OCR,
Machine Translator, and some other software in the Bangladesh Computer
Council funded by the government.

2) If we want to increase acceptability, we have to survey on languages.

Associate Professor Nabil Mohammad, NSU, said

1) Lack of Funding opportunity is a great barrier in developing BLP software

2) Though we have written corpus to some extent, we should develop a speech
corpus as well.

Assistant Professor Mashrur Imtiaz, DU, said,
1) We need collaboration in developing BLP tools.
2) We should build a national keyboard immediately.
Lecturer, Linta Islam, Jagannath University said that-
The major problem was there was no dataset for the Bangla Spell Checker. No
literature reviews are available. Then, we had to start it from scratch.
Rifat Hassan Jihad, Mechanical Engineering, KHUET, said,

1) The main challenge | faced while developing a Bengali layout is to map the
TR (Aspirated) & =gald (Unaspirated) phoneme according to keystroke

frequency. On most of the existing designs, these types of characters are
mapped under one key.

2) Again, all vowel letters have to be mapped under the Alt-Gr state to keep all
keys in a uniform style. It is logical, but it is not possible to maintain the
keystroke frequency efficiency in this style. All vowels can be generated with
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the Hasanta key, but it is the Dead Key feature, which is not available in
Linux-based OSs.

3) Mapping Bengali ligatures in a layout is kind of problematic. As the current
input method system (XKB) in Linux-based OSs does not support this kind of
key-mapping.

Arif Ahmed, Information science, Leading University, Sylhet, said,

1.The 1st challenge is a good dataset/corpus. Since most of the researches is now
being conducted in deep learning methods, a suitable dataset is essential. We didn't
have any, so we had to prepare our own, which took a lot of time.

2. 2nd challenge: computing resources. Again, deep learning algorithms need to be
run on powerful machines. Luckily, our department provided us a GPU-based server
for our experiments.

3. Lack of previous researches: There are not much researches done in Bangla with
state-of-the-art techniques. So, we couldn't take much from the literature
review.Expert linguists: Although we didn't need in-depth linguistic knowledge for
our tasks, I would appreciate some help from linguists at the earlier stage of my
studies.

A.S.M. Shakil Haider, the Ph.D. applicant at Texas Tech University, USA, said that

1) It would be better if spelling suggestions are available in, android keyboard
software.

2) I used the ‘SHARCHAKRA’ keyboard, an android app for Bangla Typing, but
the problem is that there are no spelling suggestions.

Sayada Jahan, M.Ed in Education (continuing), DU, said,

1) In Avro, while typing automatically conjuncts formed, it is time-consuming to
space the target word and press backspace.

2) Bijoy Software should be open source for better acceptability.

The interview has been attached in Appendix-I
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CHAPTER 5
DATA PRESENTATION

5.1. Linguistic Features of Bangla Writing:

In 1454,the printing machine was invented in Germany, and Gutenberg first printed
Bible. After a century, around 1554, a printing machine was available in Goa, India.
Then about 1778, it comes to Hugly, a border of Bangladesh at that time. A typewriter
keyboard layout was first designed by Shahid Munir Chowdhury in 1969 under a
project that started in 1965.Bangla Writing System is left to right. In Bangla, we have
a total of 50 letters.

BIGIRCIRIERSIR

I ——

Left to Right
Figure 21: Bangla Writing system

Regular faces of 11 vowel alphabets: TS EH T T 4 @ @ ¢ @
Modified vowel sign: =1 fo 2 ¢ o 4 6o 8o ol ¢
Regular faces of 39 consonant Alphabets:

FL499%
PRE A R
BIT Y
R R
AFICY
I«

N FHY

T
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R R 0§ o

T4 ( 7)- T
T (L) T
-1 oz /@omg
el AT
T T

-1 g

5.1.1. Complexities of Bangla Letter:

Modified Consonants: Bangla is one of the most complicated scripts. that is why user-
friendly software needs quality research. Hence, some complexities have been

presented-

Single sound, but two or more letters- vowel letters, modified vowels & consonant
letters

Mixed letters: fo/31/3 /5 Jf@/@, ©/o; /T /T W/I/A, KT, A/H; 9/ R/,
©/8, A/f, 5/9; @/, 3/3/%; 7/

Mattra: Vowel Letter- 1 <l 2 % © &

Consonant Letter-F ¥ P2 G A3 CO NI IS ITAINTTDH I

Half Mattra: VVowel Letter- ¥

Consonant Letter- 9 91 94 4 4 357 9 ¥

Mattraless: Vowel Letter- @ & @ 3

Consonant Letter- & @ & 2 <8 o

5.1.2. Consonants and their Conjuncts of Bangla Language:
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Recently, Language experts found almost 300 possible conjuncts of the Bangla
language in a workshop conducted by the Bangladesh Computer Council. Most of

them are presented in the table below-

3 & q ) 1 I3
< 3 ¥ ® 3 R
< P ¥ A b &
B3 g & % 3 &
£ $ gl \o 3 Q
g 3 @ ¥ % ¥
4 w o ¥ % g
7 kS % K % g
3 K3 3 K = &
3 = % = ® g
3 El % X %7 g
3 ® q il 2 ]
3 g T = B g
7 3 a 7 B w5
EQ g o K L il
T 3 % g b4 El
k3 ® q g B4 ¥
3 E q g = kl
Kl X ] o 7 @
@ kil 3 T R %
3 ] ¥ o ® %
% o q 5

P 3 S €

% g T $

(o))
(6]



%R

\—m(

¢

v

[O¥

MOV

v

%/\

hbcx

h_b(
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?(

Table 2: Bangla Conjuncts(After, Mustafa, Jabbar)
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5.2. Our Selective Android Apps:
5.2.1. Subachan- Bangla Text to Speech:

It works only online. There are options like text can be inserted manuallyand .txt
format document can be upload for text to speech conversion. Some features of these
tools are as follows:

Version: 1.0
Updated on: 5 January 2019
offered by: Technext Limited

Developer Contact: technext.limited@gmail.com

Letter insert: &, @8, §, 9, ©, T, &, 08, o, 08, &, B, F

output: We found only (f)for this three letters- €, ©, &

“F is pronounced like ‘¥’

We did not find any pronunciation of &, @&, g, <, ©:8, T3, %

Word insert: ®f@™, qTes, 4, 9N, G, <1, Iy, @, Iq(E, 712, %2

Output (Pronunciation): ((f@®), (QIFTSCSIY), (@), (M), (9C=), (A, (@re

cer), (s0g) (recerrgt<), (), (1)

Sentence input: ‘TFF SNCAE Gifed forer

Output: The sentences mentioned above pronounced with echo
Some Reviews from comment sections:
1) Cannot detect text from the image (Sarkar Kumar Mondal)
2) Did not work. Just sound like GaGaGa... (Md. Delwar Hosen)

5.2.2. Bangla Speech to Text Software:

Software Name: Bangla Voice to Text

Word Pronunciation: =&, 2T, <15, i, *9

We pronounced /garo/, /gar’o/, /gar"o/, but we get output only /garo/
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5.3. Software tools for Windows 10/10 Pro:

There are many online tools for BLP. The following tools are used for windows 10/10

Pro-

5.3.1. Google Translation:

In Google translate software, there is an option for pronunciation. Pronunciation or

w

letter name is not available of Some Bangla Letters like-&s, <%, =, <38, and the faint
sound of some conjuncts like®, 8, €, &, @, etc.

There is similar pronunciation available like /ra/ for the different letter, including ¥, g,
1

Bangla to English Translation: *Is#/¢51” or “oI¢/¢°T¢”  has been translated ‘cows’ in

English

5.3.2. Fonts/Typeface (Not Unicode Supported):

We presented only SutonnyMJ 3 types, including Normal, Italic, and Bold typeface,
to understand how the typeface looks. So, the rest of the fonts are presented only in
regular typeface. All fonts are typed with 14 points size.
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5.3.2.1. Normal Typeface of SutonnyMJ

TP+ O=% §CT+O+8=8§ 2:2+8=9g
FF+I== TET+4=7 :R+T=1%
TIF+I+T=7 TA+T=7 2T +A=37
ILF+I=F TCeT+T+T =1 T+9=%
FF+A=9 TET+A=F BRT+T=%
TA+T=w WA+ H = |+ T="9
T +4=%= W:I+4=7 ©:e+ =%
8+ F=F 3.9+ +T=7 T:T+T=7
B8+ T=7 $:4+3=9 PP +T=7
TLe: T + B =T S+ +T=% 2C+T+T=w
9Gh: @ + 5= 9% +7+8=3% NN+ 4=
G & + T = & TT+9=% TA+I+C=7
55:545=8 T N+F=" TU+I+C=m
FA+I=9 T +T=" BT+I=7
&I +T=9 LI+T=% T:N+T=T
TO: 6+ = TA+T=9 LH+T+T=
SO +4=9 LB:F4+T = TT+9==
Wwe+T=1 TH+T=9 C!I+I=9
6 + V=1 M +5="5 B: A+ 5=
$:9+3=9 N +T+ 8= TGA+S+T=]
F:F+4=9
5.3.2.2. Italic Typeface of SutonnyMJ:
2T+T=Y PO P+O=G TN +3+0o=9F
2T+T=3 PP+I=F TU+I+T=m
TT+A=% TwF+I+T=F B:T+3=19
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PP+ I=F
FP+IA=F
LTA+T =9
VA + =9
&8+ P=F
Ol 6+ =%
B G+ B =8

KD: B+ 5 =B

O+ =9
CT+O+8=8
T+ =7
M+ =-
A +T+T=7
TET+A=F

PEA+A=

SN +5 ="
LM+ +T=%p
%+ 7+ T =
FI+I==
CI+I=9
A+ T=7
TN+ 5 =30
THN+O+C=8

WA+ =3




5.3.2.3. Bold Typeface of SutonnyMJ:

PO:F +O© =%
F:F+I=7
TF+I+T=%
R:FP+I="F
HI+A=9
TA+T=9
TET+=%]
e +IF=F
e+ A=
R T + B=1]
G@h: R +5 =2
@G B+ =G
55:5+5=T
B4 +3=9
tf+T=9
T6: 6 +9=8
e +4=9
wo+9=1
:T+T=7%
TI+T=%
TN+ T =

W4+ T=

SO 9 4+ =1
$:9+7=9
RO+ +T=2
WA+ 4=%
EN+I+%=F
Tu+7+%=m
5q+5=9%
N+ =9
ET+S+C=8§
TEA+L=F
MTH+N=-
WA+ T+T=7]
PTEA+A=9
PeA+T=
[W:I+4=%
3:3+7+T=Y
5:T+9=9
RC+I+T=%

_:@+§+%=

A

x5
N+9=7
FA+F=7F

N4+ T="0

B: 9 +5="5
N+ T+ T=2F
®H+T+T =%
TT+9==

L I +I=TW
B:H+T5 =%
EA+o+T=%
T+ =7
2ZT+T=¢
2R+T=3%
TI+¥=7
RT+I=X
RT+T=%
x=RAT=7
€T+ =%
T:e+T=7

&
TuT+T=¢

5.3.3.Typeface of different fonts (Unicode Supported):

There are many Unicode fonts available, but frequently used fonts are selected. Some

conjuncts have been shown in different Unicode fonts below.
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5.3.3.1. Normal Typeface of Kalpurush:

P+ =@

5

G F+q+C =T
F I+ =TF

A F+A=9

@ N+ 8=
FA+ =%
FHF @+ =7
FV 8+ A =7

€ G + B =8

LB +D=
& B+ G =8
5:5+5-=35
S q+9=9
@ q 4+ T =9
8:\9 +9 =8
YOo+Y=9
¥ OT=7F

g9O+g9=49

F T+ +T =
M+ =Ta
TN+ TC =
WML +C =T
BT +5=9

T q+T=T
§T+9+T=F
FTA+4=
WA+T=7
P+ +T =7
A q+ A=
A+ =
HTT+4=9
g-::i;awf«nv?:g

Q9Vv+d=9

H: T +q+0 =T
FHT+F+ T =7
RI+9=7
TN+ T =T
WA+ A=
= q+C =
H A+ T =
TA+T =T
G N+ L=
B %+ 5=
W+ T+ G =
T ¥+ T+ B =%
I+ A=
L JF+Y =1

B A +5 =
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5.3.3.2. Normal Typeface of SolaimaniL.ipi:

8.

g

I+ © + § =
¥ A+ =3
2. % +6=219
2. 2+ 08=73
R+ ¥=3
T T+ 9 =%
Y. 8+ =%
AR+ A =77
T T+o=T

P+ O = &

G

+d =&

5l

&)
4
+
Al
+
Gl

= @
¥ I+ T =F
FIFI+A=9
@ 9 + T = @
HOT+ H =%
R 8 + F =

3
A8 + A =

ki

& B+ T = &
3: 5 +0 =3
¥+ =9
T -: 9 + T =
3

8 © + 9 =18
L 9+ 94 =9
Of: O+ § =7§
O © + =
qa O+ 9 =9
@ © + 9 +
= @

M+ =Ta

oo
W M4+ ©
o
. A +05 =B
B A+ O + ©
= 8
g A+ =3
22 +8 =1
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S A+ HA=o| F I +8=37 2. T+ 08 =7%
4. 9 +49 =9 T q + T = T+ ¥ =3
d T+ +| B N4 T = T 2+ 4 =%
o t=3 S oMb = | oo FTT=ER
Q. 9+ =9 R+ ="
T © 4+ 9+ ®: W + 7+ 8 T T+ =T
T = = ¥p T T+ T =g
%+ 3+ © T3 B+ ©
VU T+ T =
W F 4+ V=
5.3.3.3. Normal Typeface of AdorshoL.ipi:
&, P+ O =@ & G4 L= O, © 4+ T = \g
& T =F (B EL+D = @@ ©94+97 =9
@ T4HIT 4T G ®+T=§ & ©+ 7 + T
= 83: 345 =3 |=@&
T F4+T=F |9 T +5 =9 |Tm T+Y =
. F4+A = |& 9+ T =9 ™ WA+ © =
@ T+T=vw |G 9 +o=8 &
F. T+ =9 |9 ©+L =9 @ 7+ + © =
AP © + 3 =F |\Q. © + =9 T
TV 6 + A =F % T +F + 8D F+9 =9
@ O + T 4+ ©|=7% T I 4+T =9
=& % Y+ 9 + T T 4+94+ 0
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. ¥ 4+ F =X
= Y 4+ T =
TN T +F =79

F I +T =F

F I+T =9
T, T+ 6 =T
W W 4+ T =

»: T+ 5 =7

W J + 9 =
R ¥+ =7
%:7{4'%:7?

B J + O + T

=F

g A +94 =3
g T +8 =29
T T +T =%

5.3.3.4. Normal Typeface of NikoshLipi:

+ =

+
Do+ =
+

+ =

+ o+ o+ o+ o+

+
+
I

+ + 4+
I

+ + + 4+ + + o+




5.3.3.5. NormalTypeface of Sagar Lipi:

T+ ==
BN+ T=¢
B+ ="D
LT+ T =%
N +I+ T =%
FNT+ 4=
WFT+N=9
BN +5="0
BA+C+T=F§
BA+4=%
2.3+8=9
22+ T=3%
TR+ A =7
T +9=%
TR+T==

W T4+ =H

B FI+I+T=1
FI+I="F
TF+A=7
@+ =9
FA+4=%
FF. ¢ +F=F
FT e +N="
WH+ R=T"
RV B+D=2
B B+E=8
3:5+5=C
FAI+5=9
B I+T =9
. T +© =9
Wo+4=
O © 4+ =

O G + W =

T+ d="
T M4+ T =
TN+ S =W
DAL=
TN+ =79
BT+9+8=35
TA+4=7
T+ ="
T T+ T+8 =7
MA+A=
S A+ A =
A I+4=%
T A+T+T =7
9.9 4+9=9
FC+I+T =T
AC+T+T=]

TN+ =x

5.3.3.6. Normal Typeface of SutonnyUniBanglaOMJ:
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¥ W+ T =9
RO =%
NI+ T =%
N+ T =
I +I=
LI +T=7
B A+5 =
FA+©+T=9
ZA+L=3
M R4 A=A
U+ =9
YT+E=7
G IFHI+T=
P +HA=F
FIF+HA=
@A+ T =@
HATL=%
203+% =%
22+ T=3%
2.+ =3
T 4+A==
S 9 4+ =&
T 6+ T =%
gl et+aN=9
W+ R=T
RVB+DI=2

B L+ =8

2uR+T=3
2Y+T=3
RTA=%
RItA=3%
RLI+I==
. +I="a
e Te=9

T T+T=7

&

TP +E=7

TT+ 8=

& ® + F =

T + T = <

K
TN+ +8 =W
TN+ + =W
FA+I=7

®t+I=9

L

T+I+T=%

4

JS+I+T =7,

¥+ =R
T A+T =T
T Y+ N="

TN TF =
TN+ T =7
FA4+C=2
RI+T=97

T A4+T =T
QN4 T =
TN+ ="D
P4+ I 4+ T =%
N4+ T+ T =%
TI+T=
I+ =
A +5="
BA+S+8=3
BH+94=%

T HA+T="T
BI+9+8=3
TA+4=79
TA+T=7
My T+ T4+8 =7

M A+ A=
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3.5+5=8 FA+T=%
FA+3=9 FI+T=%
gqd9+Tv=g T HATT=T
Q.9 +®=18
TR+9=%
H7.I+4=7

I+ +8 =9

5.4. Fonts size Comparision:

There are many Bangla Fonts, including ASCII and UNICODE, but they are different

sizes in 14 points as we can see in the following table

Font Name Text in 14 point
SutonnyMJ (ASCII) FO:F+ O =%
Kalpurush (Unicode) G T+ =G

Nikosh (Unicode) o+ =
AdorshoLipi: (Unicode) G T4+ =G
Sagar Lipi (Unicode) G T4+ O =

Table 3: Fonts comparisons in 14 points
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5.5. Bijoy to Unicode, and Unicode to Bijoy Converter:

Bangla Converter

Bijoy to Uniciode Converter - Programmer (email address), Ministry of Land

TG, D, g, AN, SR, S, S, ST, O, SR, Weelqle, ST, SR, WA, S, o,
A, S, oH, S|, S, AT, SHLA G, THAA DG, SH G , FHG T, SEHICHA, SEHATH, AT, SFGH,
el ey, SToeTOlGR, 5ETH, STOeTAIE, SHAIG, SIBIE, SI5I4, W5, A, wfbard, wibaas, wbarte, afbdeel,
ST, SRV, S, ST, STeee, SIS, SIS, SEAl, SEe, SHaifl, S, e, Seiya, S, Séehel, siearedi,

R, WD, R, SR , TR, SIS, e, SR, S, e, o, e, S S, S, SR, S, e, 9
R, S, WAL, SR, THT, AR, S, S, A, TG, S, S, S, S, S, S,
TR, AT, A, ST, A, W, wewdn, WeuF, weskE, wesFEe, s, ey, ek, s,

1 s R O e e T o O ot O oA M - e G

Figure 22: Bijoy to Unicode Converter

Bangla Converter

Bijoy to Uniciode Converter - Programmer (email address), Ministry of Land

31 30 [+ et ] () (afT); =ieiel- 4o A, Afteret g 1 AR [ feap o] (o) (aféiar) ee-
fepeiaga,afem 1o Ao (@t e (ee) (@), *wie - e ; aefi | e 9% SviE-2 | 8 1 JfE
[+fomsfige ] (ege) (afeirar) =i — 2w, 2rae | 2 3 A ¢ 3 (@ fomes] () (aféiay) ; == - i
1 DY 1 1 @ [+ T1@] () (JAITRT); *ie AT, Siea | 4 1 A [J+ e (ge) (9fTaD); s — e |
SRTEEET P

Y | R (R, (3130 (RTTRT ) 19718 &R A1 53| (R ™| gy | = | Fmereys (o o) (3739 (Rveram:
w1 RARERA [ | o (R (R o o733 (RO, =1 v« SO | TR 83 S-S |
8| RN [R50 (o755 (07 #1oe . &, (OfReT | Ss) RO fTamsi ¢ | R R 48) (1§
(10T < =131 - PR N CRTBT | 1 R (R 1) (1) (RO =g P, forwna a [{ope
(R+75F] (7:39) (0. %190 Reerore | NG| ST ok |

Figure 23: Unicode to Bijoy Converter
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5.6. IPA Transcription Website:
Some words transcription in IPA have been shown in figure 24, 25, and 26,

respectively. This tool has been developed by the Bangladesh computer council.

2

BANGLA TO IPA TRANSCRIPTION

Bangla

EEGARGATO T iz [T TR SIF {5 7T ST S ST T e b
S Tos $1 FF 47 (00D (OIS W97 7% (7F 579 7 458 JF1ed Qas Tl
T IO 50 3 &5

OASCIl ® UNICODE

[#]

Choose File | No file chosen

IPA
oghotonghatnptiiosi dipro biffa[ farodhdhoni ahkhan bihjal
goddo oddo [fan faffot lokkhi lokkhmon daeuti neeunato
m kor jeeoiftho Jeeeftho niffobdo goru goru dondo don
do aekok aekattor chotrif rkdai hraf bondopadhdhai karm
o karmomo karmo

Figure 24: IPA transcription of some Bangla words

BANGLA TO IPA TRANSCRIPTION

Bangla
Pp+H=B
PHE+H=2
WE+T=2
y
OASCII ®@ UNICODE o
Choose File |No file chosen
IPA

nc: ou + ¢ = nco
nc: ou + € = nco

nc ou + C=nc

Figure 25: IPA transcription of some Bangla words in different fonts
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BANGLA TO IPA TRANSCRIPTION

Bangla

I+ Y=T
=T+ =%
HF+A=
T E+F+8
e G+ E=3

CASCIl ® UNICODE

Choose File |No file chosen

IPA
hk: ho + ou = hri
kkho: k + [ = khok
stk + =k
bfru: bh + r + ou
g80: Jo + OU = ggo

0

Figure 26: IPA transcription of some conjuncts

5.7. Online Speech to Text Converter:

Speech |nput(https://speechtvpinq.com/voice—
typing/speech-to-text-bengali)

Input output

M7 M7

Bkl Bk

fewlan A

TP e

areq 1
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https://meet.google.com/linkredirect?authuser=0&dest=https%3A%2F%2Fspeechtyping.com%2Fvoice-typing%2Fspeech-to-text-bengali
https://meet.google.com/linkredirect?authuser=0&dest=https%3A%2F%2Fspeechtyping.com%2Fvoice-typing%2Fspeech-to-text-bengali

Mo QiG]
G QIE|
= = EEERID
RlERU e e otz

@0 T8\ (T t0 &F

Table 4: Pronunciation of Some words and phrases input into Speech to Text

converter apps

Google Translate
(Speech to text)

Input Output

T e

RIG| RIE]

e QI

2117 RG]

Bkl Bk

ofem e e
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@t 1 3 @ e e

A\ AER

GEareE) 61

Table 5: Pronunciation of Some words and phrases input into Google translate

5.8. Machine Translator:

Google translate

Input Output

Je] 99 99 TF© NN NG Ball hero ball advanced mum shir

Table 6: Sentences input into Google Translate

5.9. Avro Spell Checker:

All words without ‘@3Itefy ’have been misspelled in the software, for example,
‘qFITEN, TSR, WM, e, aFare, 2fswiNe!, ww, AT had been input in
Avro spell checker. The correct spelling of the mentioned words is- ‘4TS, T2,

11_@(, TR, afscaifaret, 7w, FATer. The results are shown in figure 27, 28, 29, 30,

and 31, respectively.
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gJFIrel

Avro Spell Checker

Mot found in dictionary:

Ignore once
‘\ﬂ PICE ‘ ‘ Ignore all
Select from Suggestion(s): Add to dictionary
Change once
Change all
[ always Show full suggestion list Options. ..
Change to:
“qm ‘ Close

Figure 27: ‘a1’ word had been input in Avro Spell Checker

e CUiL FURInidL

BIEEIY

SPEN LIELE

ro Spell Checker
Mot found in dictionary:

Ignore once

Ignore all

Select from Suggestion(s):

Change once
Change all
[ always Show full suggestion list Options. ..
Change to:
‘ Close

Figure 28: “f2AM1” word had been input in Avro Spell Checker

hle Ebdit Format  Spell check

| Spelling check is complete.

0K

Figure 29: ‘vz%’ word had been input in Avro Spell Checker
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Mot found in dictionary:

Ignore once
[ —
| 20 j ST Ignore all
Select from Suggestion(s): Add to dictionary
. 4
2038
200 93{ Change once
Change al
[ Always Show full suggestion list Options. ..

Change to:

[ —
|:u)=9[ﬁ' | Close

Figure 30: “9%&a° word had been input in Avro Spell Checker

Not found in dictionary:

Ignore once
‘ {70 ‘ Ignore all
Select from Suggestion(s): Add to dictionary
'l QIHB Change once

il ai ]B Change all

[ Always Show full suggestion list Options...
Change to:

‘Qlﬁlﬂﬂl Close

Figure 31: “¥I&sl” word had been input in Avro Spell Checker

5.10. Online Bangla Spelling Software:

Some misspelled words have been input for spell checking in Online Bangla

Software. The misspelled words are; ‘ICANGT, TN, (B, (T, e, T,

e, foretefer
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=

VT IO (BT (G 588 W T W3 Prorgam

SpellStar

BENGALI

4 spelling errors. Resume Editing

AT JISW (GdT (O¥ GT W= W3 F et

Total Words: 8

Total Characters: 62

Total Time: 0.364 seconds
Current Spelling Errors: 4

Get Copywriting Help

Proofread Your Writing Easily

Figure 32: Some misspelled words had been inserted for spell checking

= G+ | TR P, e |

Wl= G5 | (- O, TP, G |
= $+9 | (INA- A, R |

B= 5 +5 | (- B, Swaet, wfe |
&= T | (- o, oo, BroEH |
= GG | (- BeiA, SR |

= 3 | (re- Pt

= G+ | A B - @ W) @

0 (W)= @ +5 | - oW, A, o |
€= @+ | -1, AR, A
O= @ +9 | TN~ M, T, TN |

@ = @Y | - A, A |

Figure 33: Text for scanning by Bango OCR

37



8:52 AM 00KB/s @ -~

< Scanned Image [1-1]

1 B2 | GTN- *TSf T, *Tf |

GiT= +57| CTHF- S, AS(5TS, 57

1= L+ | CINH- G, FT51IT 1

#- 6 46| GINH- B, BG4, 86

- B+% | (IFT- Gume, Sugorae, &
GGi= OI+TT | INT- SEhiad, SEhifIs
- S| GISH- PAOTTI

P = O +9 1| INT- BSTA "5515- Q
B (AB)= «Q +5 | GINT- TIPS, P,
2- 92 +u | INa-IfEs, T, I
= Q +G7 | ANH- IR, TART, POl
= Q43 ANA- T, am‘n

ST oS AR <

Figure 34: Editable text from jpg by Bango OCR

R
- TG G T fazatzt
TN ESni
1 G© TY ol {wﬂﬂw’{
o (s s, o 9% e fRan ﬂ i
. ﬁ JTW#WW'
- @ mﬁmwwﬁa—
wspﬁsﬁwmﬁs
mwwmﬁm
S{FTCHR ST GG, S SR, S e Syt fou-fen wifis fog-Readia
TG, Wi S Fa ™
R2ELGIES
(518 FH 54 gael!
W R TS T, T [ S S 4!
EECED) LilE) :
e [
mifi n
=ifi |
il

Figure 35: Text extract from Pdf (Left) and scanned by i2c online OCR
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BESERE]

EEAVIELLS
SIYSTCY I MR TR G

TR,
T OIET (TG 1%, Wi Tg Q=

TR FE ORI ME AT
T3 Y T, qﬁwm"m

Figure 36: Text extract from pdf by i2c online OCR
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CHAPTER 6
RESULT ANALYSIS

6.1. Obscurity and some Limitation of Typefaces, including ASCII
and UNICODE format:

We presented fonts like SutonnyMJregular, Italic, and Bold typeface. By conversion,
other fonts like Kalpurush, Solaimanilipi, AdorshoLipi, SagorLipi, NikoshLipi,
SutonnyUniBanglaOMJ only in regular typeface. Presenting the three styles of
SutonnyMJisonly to percept the aesthetic view or the limitations. If given all the fonts
in three typefaces, then it will be lengthier. We see that in SutonnyMJtypeface,
obscure typefaces like-® 2 € | Q & & 9., = ¥ ¥ ¥ T, B. Some points to be noted-

e ‘’of &g, T cannot be recognized

¥, W, T positioned under the “§ 9, T conjuncts are not clear.
o ‘g of WY is not clear
e The aesthetic view of the conjuncts-‘@ ¥ % ¥ & W Fare

problematic.
e Bended form like- = is not in proper position in- ‘& = ¥° F.’
e Inappropriate writing form of some conjuncts like- ¥ X.

e When we see italic of the form of ‘@, then the typeface is challenging
to identify.
o If we look at the Boldtypeface of “® then, it is tough to understand

the conjuncts than the regular or italic typeface.

6.1.1. Obscurity of Unicode Typefaces:

Problematic typefaces of Kalpurush are- < 7 & ) © T, B . Some points to be noted-
e ‘.’ of &, T cannot be recognized
e The aesthetic view of the conjuncts ® & ¥ is problematic.

e The typefaces of “J ¥ are challenging to identify.
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Problematic typefaces of Solaimani Lipiare- ¢ & ¥ & & & & & o, b & &
%; the typefaces of conjuncts of 2+ & = Z,and & X + § = T aresimilar.

e ‘.’ of ‘gwy’cannot be recognized

e Aesthetic view of the conjuncts- ‘@ ¥ % 2h & W & & @ are

problematic

e ¥ + 9 = = whichiswrong. The correct typefaceis + 7 = 2

Problematic typefaces of Adorsho Lipiare- ‘@@ & § [ 1 & § & & ¥

I3
e Thetypefaces of g [ ™ 1 §° are really difficult to identify
e Aesthetic view of the conjuncts- @ % & & T ¥ T are
problematic
e 14 points size of these typefaces- @ & [ N AT § &n & T %h
¥ ¥ areabitlarge
Problematic typefaces of Nikosh Lipi are- _
AN
e ‘.’ of G, B’cannot be recognized
e Thetypefacesof ¢ " are really difficult to identify
e Aesthetic view of the conjuncts- ‘ " are problematic
e 14 pointssize of these typefaces- *

TT, T " are very small to read

Problematic typefaces of Sagor Lipiare- T S 33 P FT L TAIJI XN BT T,

LEY
e ‘’of ‘@, T cannot be recognized
o The typefaces of ‘B ™ T ™ © ¥ Y, T Ware really difficult to identify

e Aesthetic view of the conjuncts- @ & & & F %F & ¥ @’ are problematic
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The typefaces of conjuncts of 2. R + 9 = %, and 2. ¥ + 9 = % are similar.

The conjunct of g cannot be formed. For example- 9. © + ¥ = &4
Problematic typefaces of Sutonny UniBanglaOMJ Lipi are-& & % & FeggY
PEaR A YIS ANIRIZTTLO, O

e Aesthetic view of the conjuncts- & & % § 9 & i F & are problematic

o The typefaces of ‘¢ A R W % Y JF M & F R T are really difficult to
identify
e 14 points size of these typefaces- T H % TP AR IF F & 7 & L § &

= % g 3% © 3 are very small to read So, the common problem is opacity,

the obscurity of typefaces, aesthetic view, and font size. We see that in
table 3, the font size of SutonnyMJ and Kalpurush are acceptable, but
Nikosh andSagorLipi are too small. On the other hand, AdorshoL.ipi is too

large in 14 points size.

6.1.2. Bijoy to Unicodeand Unicode to Bijoy Converter:
Some conjuncts have been detached like SFF>~Sreefd, SReFR-Teedy, wEF-Treef

and JETE>TEY etc.

Some points to be noted-®
e Here 8’ & “ positioned separately in Sewfd, Sewd, and e
“® letter deleted from “ASS’; we see “T’instead of “©’.

On the other h, and, from Bijoy to Unicode, some words are converted wrong
like- ST, Tu-aqm, RfTR-3FTw, [Ezrw-3@@7=, etc. Some

points to be noted- > of ‘<" deleted, and “a” positionedin <<,
o ‘fo’ &' graphemes deleted from ‘<77, and converted into I9w’;

o N transformed into ‘AT’. These are some examples from many

anomalies.
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e There is an option in the software like -“Sf%t G f5 S but it does not

work.
So, displacements of graphemes, conjuncts in the incorrect form are the main problem

of Bijoy to Unicode converter, and vice-versa.

6.1.3. Bangla Text to Speech Apps:
We pronounced three words like- =i, “IIg, <6 inBangla to Text apps, but the output

was only /garo/, but we know that there are three different pronunciations of those

words like- /garo/ /garto/, and /gago/

Analysis of output from Subachan Software (Bangla Text to Speech): We inserted-
R I I T T & o2 o o8 W B F- these words to see the pronunciation, but we got
accent only “S” of ‘9 © U, Phonetically the Pronunciation of <, &, 7, is different.

The standard pronunciation of the letter above is-

Irl, ©/y/, Bih/. The software was unable to pronounce the letters - ‘& @8 & =2 @ o3
®@ ¥, We can say that- The pronunciation of ‘%, B’ is not inserted. Only the

pronunciation of ‘<’ is inserted in the software program
e The pronunciation of <& @ & =g = =3 @ %’ is not inserted in the software

program

The words- “=f@™], q38a, 4, *Icdl, =i, =I1p, Y, ACE, AR, 12, 7@ were

inserted to figure out the pronunciation. The following table will present the output

and standard pronunciation of those words

Inserted output Standard pronunciation
words

sl Igaro/ Igaro/

Q) Igaro/ Igato/
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MG lgaro/ lgatho/
RIEYER /ong/ /bajjrondriyo/
RIRGE /bajjtodrifi/ /bajjtodrifti/
72 /drifi/ /drifti/

e /srifi/ /srifti/

Table 7: software output and standard pronunciation of “AICAI, 2T, =G, AT &,

We can say that-

e As the pronunciation of “S’only inserted that is why we got the incorrect

pronunciation of the following words- “IIg, G’

o The pronunciation of ‘Acf@d, 7MW, w2, 3 are not processed

according to the standard pronunciation.The pronunciation of the sentence

like <5a% @me &ifex fer’ -was not clear because of echo. Hence, the

problem is the recognition of speech

6.1.4. IPA Transcription:

Here some of the mentioned words have been transcribed incorrectly by the

software in table 8, for example—

Word IPA Transcription IPA  Transcription by

software

QEBEeIfBT | /Dghdtong"tonpotiiofi/ | /Jg"dtongdtnptiios

or i/
/2g"Dtong"dtonpoti‘oSi/
Rl /oddo/ /2ddo/
e /f2fan/ /fJan/
e /Jaffoto/ /Jaffot/
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R /hridoJ/ /rkd>)/

TToN /nunatomo/ /nce undtom/

R /1okk"on/ /lokk"omon/

Table 8: IPA transcription of some words by manually and software

IPA transcription of ‘SGaaGa2fGTAT should be /Dg"Dtong"dtonpotilofi/ or

/2g"Dtong"Dtonpoti'oSi/, but the software output is /Jg"dtong"Dtnptilosi/.

If we analyze, there is no ‘o’ sound in-between ‘t” and ‘n’ sound for pronunciation of
iﬂ-‘f;;{l
e We know the pronunciation rule that if initial “%” follows the ‘i’, and

‘w0’ sound, then the standard pronunciation of “®’ will be /o/, but the

software output is /J/.

e The pronunciation of the ™" will be /fDfan/, but the output is

/Jfan/. Here, there is no /J/ sound afterthe/[/ sound. Similarly,

there is no /O/ sound after /f/ sound for e’
o IPA transcription of ‘@%3’ should be /hridoJ/, but the software output

is /rkda)/. Here, there is no /i/ sound precedes /k/ sound.

e |PA transcription of “JTo¥’/nun>tomo/, but the software output is

/noeﬁgnatam/.
e As we know that there are few silent letters in Bangla Language. Here

‘m’ sound under the ¥’ is a silent letter, but the output of T/ in

IPA transcription is /lokk"omon/.

e An interesting matter is in figure 25. When fonts had changed from
Kalpurush to Nikosh, the transcription was also converted.

In figure 26, some conjuncts are split into letters during transcription. For example,

Zinto ‘hk’ and letter ¥ into o~ u in IPA transcription instead of /hri/, /ri/ respectively.
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6.1.5. Avro Spell Checker:

If more than one word is inserted in the Avro Spell-checker, it detects one misspelled

word, and then we are to move the next word manually. In figure 27, we see the

spelling of ‘=TSR is shown wrong, but the spelling of the foreign word is validated
by Bangla Academy. Similarly, in figure 29, ‘El%’ is shown correct, but the correct

spelling of the word is ‘1_@ By conversion, in figure 28, “wIf2afT" spelling was
detected as incorrect, but there were no suggestions for the wrong word. In figure31,
the software detects “JIf&er as incorrect, but showed one direction like “FI&o"

which can confuse the user that which one is the correct one.

6.1.6. Online Bangla Spelling Checker:
Total words were eight, but the software detected only four words misspelled in

figure32. We can see the results by following table 9-

Mis-spelled Standard output by software
words input Spelling

IR JICIAGIT correct

TS pigicy correct

i lesii) incorrect

i) TS incorrect

S EnIEY qoRIZ incorrect

qeF SE incorrect

foretesfer G correct

>ad ved correct

Table 9: Mis-spelled words’ output by online Bangla Spelling software

Here-
e The spelling of [EAAGR’, “Trex’, “fTelef’, ‘66’ is incorrect,

but the software shows correct
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So the correct spelling of those words should have reprogrammed.

6.1.7. Bango OCR Apps:

As we can see in table 10, maximum conjuncts and their examples in jpg

format are split as well:

Original text

output by Bongo OCR apps

eol= | AN, WO,

GEIS

Gl= +97 | O%, Y&e{le], A

T = G+Y | (TN HEY, T

= L+ | A, TN

™, THeo

the first word is obscure, T5

R, TREE, TrRn

¥, THpereE, ©

GG+ | ANA-FG O]

=GR | AAT-FLO

el NI (< N C MO

‘S{olf’-qF T©) | @

T= T+ | FNT-THIFA o}y’

4

P(P)=  @®+D1 (TN,

T, AT

-::zb_ ('2]{'5): Q+b 1 (FNF-ET,

ALY

P-erg | AN-AIMEES, AT,

RIEY

30331 @-Aifers, N,

<R

B= Q+T | (AN, T, TG

G=9+G | (ANT-9&, TG, FS

Qo=+ | (- A, AGIB |

=g+ | (NG |

Table 10: Conjuncts’ output by Bango OCR apps

Some points to be noted:
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e letter and conjuncts converted- ‘¢’ to ‘°U’; ‘8’ to ‘V; G to V; T to

G’ ‘9["T°f’ to “7J°’; ‘¥’ to ‘b’ ‘& to 3% & to T ‘@’ tonothiong.

6.1. 8. 12 online OCR:

We scanned the following texts like ‘BIDDROHI’ poem by Kazi Nazrul Islam
through i2c online. As an editable text, we did not get the original text in Figures 35
& 36, respectively. Some words are converted into different worlds, and some words
cannot be recognized by the software. We can observe the results in the following
table:

Original Word/Text Editable
word/Text

Bk 2 (rest of the part is
obscure as we can see in
figure 35)

e 9, 8

<@ TR TR wfE <

v® Y a2 o =fe GEl

EIF PEIE  GlEs 1

ot

(AT A S e
Tfoafe a-fem =iy feg-
fauifas

W ETACE T’ SN G
GO 1 Tl
@ 13-

oI Tye I Al
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i SR e - (no words)

no words =T e

wify g @y @t 239 7 33T
o =¥, @i =@, no words
oI fRemr

I 5oT-BeeeT Jui-Zfe
A (S @ACS B
e

fre fran W2 foq ey

QIfY 5251 W)

Table 11: ‘RT&r2> poem output by i2OCR

e The software cannot recognize ‘@’ of ‘RIQR’. It shows ‘BT instead of

e The software totally failed to recognize-
T T, TR TR T
YIS QS (oIS e

SIERCIECICIER ekl
Sfafe for-fem s frg- Refaa
S FAIG TG SR G AS-ASOIP A STEAA!
@ -
oify S I A

It shows ‘833991’ instead of lines mentioned above
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e It can not extract ‘G’ , but ‘G’
e No words were shown for “@ifyy &fe @W’, butIRT I8’ was
shown as output for nothing.

o ‘¥ 29 ¥ 3T is output of W Agel =y gy
e The following part of the poem is not recognized by the software-

I 5oT-BeeeT Juis-ZafE

T (TS (ATS HHCS SAF
fere franr 2 feoer ey
QI S5 fermmEr

6.1.9. Online Speech to text converter:

We see some anomalies in an online speech to text software

e We see the output 7of AT, and A" Here the sound of =" is not
processed.

o 3 is deleted from ‘M@ in output

e wa converted to ‘T’ for 4T’

e ‘GFes converted to ‘71.

o T 99 (¥ converted to & 120 (A&

e ‘T’ and ‘D’ sounds converted to <.

6.1.10. Google Translate:

There are many anomalies of google translate. Some of them are-We see the output
T of |

e ‘T’ and ‘D’ sounds converted to 9.

e No output of ‘aTes’

e ‘T converted to ‘T’ for ¥©9.’
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o ‘MG ¥ (4@ converted to ‘@G fqer (=P
Interestingly in google translate, <71 ¥ & TF© NN A’ translated into ‘Ball

hero ball advanced mum shir, and the noticeable thing is that 71 (4<Tes)

translated into ‘61°.

6.2. Technical Challenges of Developing Bangla Language Tools:

6.2.1.

Several technical tools are not available for developing Bangla Languages-
Development of Bangla font technology
Text processing tools

Text Annotation tools and techniques
Data archiving of texts

Text Normalization techniques

Text-to Speech/Speech-To-text
Machine Translation tools

Speech Recognition tools

Sentiment Analysis and Recognition
Hate Speech analysis and Recognition

Verbal Aggression recognition

Development of Bengali Font Technology:

The elaborate script like Chinese, Japanese, Arabic, Tamil, and many more developed

user-friendly and compatible fonts in their languages because of the availability of

font technology. On the contrary, there is no available font technology, for example,

Though some experts figure out that Bangla is not linear like English, so the problem

arises when conjuncts come like &’ then it is challenging to develop typeface. The

mapping of Bangla, and English Alphabets have been shown below-
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There are several mapping lines for designing English graphemes like top line,

headline, midline, baseline, and drop line. The following figure shows the lines-

- Topline
Headline
Grapheme
Height
Midline
Baseline
Dropline
N—
Figure 37: Basic Grapheme Height of letters
Top line
Mid line
Base Line

Figure 38: Mapping line for designing English grapheme

Top line
Head line
Base line
Drop line

Figure 39: The picture of Mapping for T’
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Top line

Head line

/
§e line

Drop line

Figure 40: The picture of mapping for Bangla conjunct ‘%’

Recommended minimum

accented capital height row distance or body angle of
italic slant
character Jhetaht
width, or set AmiEi
‘ |
/ X i mean line
4 ‘ base
descender line
|
Hp-height .
H-height kp-height Waist-line

Figure 1(a). Parts and dimensions of typographic letter-forms generally.
Source: Hugh Williamson, Methods of Book Design, Yale U.P. 1983.

Figure4l:Parts , and dimensions of English letters
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In Bangla Language many graphemes go to the bottom position even after the for

example,"g, 7 F, Betc as we see in figure 40. Again, we see that the bend form goes

over the upper line, for example, =, &, %, 3, @ 8, 3, %, T, © etc. as we see in

figure 39. There are ten modified vowel forms, and six modified consonant forms,
with 300 possible conjuncts with a different form. Compared to Bangla, English is a
linear script as we see in figure 38, and41. Another problem is that when we write in
Bangla, the font size should be 14 points, in English, 12 points if we put together the
languages. Moreover, 16 points are standard for mentioning vowel and consonant

modifiers.

6.2.2. Lack of Standard Recorded Speech:

We could not develop well-representative BLP tools like Speech to Text Converter,
Speech Recognition, Sentiment Analysis, Text to Speech Converter, and machine
translation because of standard recorded speech. There are many reasons behind this-
lack of high-quality recording tools, noise-free or soundproof room, high-quality
voice or loud, and clear voice, using high-quality software for noise cancellation,
extract exact tone or sentiment of voices. Some researcher-developed their

imbalanced dataset.

6.2.3. Lack of Correct Speech Annotation:

As there isan Individual dataset of speech available, so the high-quality voice is rare.
Not only voice but also experts’ bodies in the annotation process is also rare.
Sometimes, memory capacity does not support the dataset. There will be no search
option randomly within the dataset because of the lack of a large dataset. For h,
handling real-time processing, we need accurate digital signal processing (DSP). A
digital grammar with acoustic analysis and morphological analysis of speech is very
significant for supporting application level. The technique or model like rule-based or
selection based should be applied for extracting naturalness. The trained model even

can represent the naturalness of a large volume of speech data.
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6.3. Linguistic Challenges of Developing Bangla Language Processing
Tools:
There are several linguistic issues that are not available for developing Bangla
Languages-
e Standards, and well-representative speech, and text corpus
e Digital Lexical databases
e Frequency-based Lexical Databases
e Concordance List of most frequently used words
e Parsed Syntactic Databases
e Digital dictionaries and thesauri

e Digital Bengali grammar

6.3.1. Standard and well-representative Speech and Text corpus:
There is no standard corpus in Bangla with a superior quality of the speech
recordings. This will need to be developed to aid in spelling, grammar checking, and
speech reconstruction. Enlarging the corpus increases the probability that acceptable
units will be found in the database (e.g., the 16-h corpus ATRECCS provided for the
Blizzard Challenge 2006 (Bennett, 2006). There is some example, of corpus
development which is collected personally. In 2017, the government took the
initiative to develop andstandard written and speech corpus. A scholar, Professor
NiladriShekhor Das at ISIT, designed a plan for developing the Bangla Corpus
development of Bangladesh from India. However, it is regrettable that the proposed
plan still needs clearance. Not only speech, and written corpus there are no available
corpora like Parallel text corpus, Multimodal Text, and Speech Corpus, Annotated
Text, and Speech Corpus, Processed Text, and Speech Corpus.“Till now, there exists
no standard synthetic speech evaluation technique. This might be achieved by moving
away from forced-choice tests using abstract emotion words towards tests measuring
the perceived naturalness of an utterance given an emotion defining context (Haque,
2013).”
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6.3.1.1. Nasalization and Nasal Sounds:

There are many features while we speak. Linguistically, we call them suprasegmental
features, such as stress, intonation, pitch, tone, amplitude, length, etc. These features

should be included in the speech synthesis model or technique. Besides this,

nasalization is a significant feature of Bangla vowel sounds- ‘=, =i, 2, © & @i, &’

By conversion, nasal sounds are consonants- ‘6, ¥, ’. There are no well-developed

features for annotating the nasalized vowels of the Bangla language.

6.3.1.2. POS should be defined according to Context:

Speech is a continuous process. It changes every second, so the role of POS may vary

according to users. It should be defined accordingly. For example, we have a different

meaning and POS role of ‘X" in Bangla-

O AT GAT FACR’ (Means- “‘an organ of upper-part of body, POS-Noun)
fofe wses feieers Al (Means- ‘Head of the department’, POS-Noun)
IR celiaifir @ S S’ (Means- ‘Intelligence’ POS-Noun)

‘q Icer AAT ABIS’ (Means- ‘Intelligence’ POS-Verb)

So, a large number of defined lexicons according to context is a must for correct
speech recognition

6.3.1.3. Flexibility of Sentence Structure and Dependency Parsing:

Another Linguistic challenge is the flexibility of Bangla Sentence structure. For

example, the sentence “Sf3 CSIITF SR can be written in the following ways-
o ‘(ONICE Wiy Sfeaify
o ‘SIERIN (oM wifay
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o ‘TIERIMN WY (o
o (SINITE SR AIfY
o Y SR (SN

but in English language we cannot say like following:
*| you love; *You | love; *Love | you; * Love you | etc. So, we need to analyze
sentences and then coding. One of the big challenges is dependency parsing in Bangla

where all component’s relation with verb of a sentence are to analyze.

6.4. Spell Checker:

Researchers are struggling to develop a Bangla Spell-checker in terms of homonyms
and Conjuncts of Bangla Words. No notable works are found in
the researchfields.
According to Naima Islam Nodi et al., 2020-
The problem that is faced related to the spell checker work are:

e Phonetic similarity of Bangla Characters

e The difference between grapheme representation and phonetic utterances

e Bangla is a language of complex orthographic rules; as results, there exists a

large gap between the spelling and pronunciation of a word

e A large number of words in Bangla is originated from Sanskrit, an ancestral
predecessor of Bangla. However, these words are either modified in terms of
pronunciation or spelling and pronunciation. Thus, there exists a gap between spelling
and pronunciation requiring complex orthographic rules.
After Naima Islam Nodi et al., 2020, Some work limitations of Bangla Spellchecker

are shown in the following table-

Title Authors Work Done Limitations
A Comprehensive (Naushad Solves the Unable to solve Nth
Bangla Spelling UzZaman & misspelled word character error,
Checker Mumit Khan, with a maximum | space-related errors,
2006) edit distance of homonym errors,
two, using phonetic conjuncts with
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encoding.

unusual punctuation,
and different
pronunciation in a

different context

Reversed word
dictionary and
phonetically
similar word
grouping based
spellchecker to
Bangla text

(Bidyut Baran
Chaudhuri, 2001)

A modified
dictionary has been
used for
phonetically
similar words. A
reversed dictionary
is used for
unmatched words,
and by comparing
these two
dictionaries, the
odd area and error
positionis
identified, and thus

the correct result is

There is no
discussion of
conjugate words
known
as“juktakkors” in

Bangla.

being provided.
Coding System (Md Tamjidul SQL queries to The word having
for Bangla Spell Hoque & Md detect frequent similar sounding-

Checker

Kaykobad, 2002)

errors, devise
coding, and
prioritize minor
mistakes, improve
the suggestion list
and its
presentation, code
for detecting minor
or delta errors, and

break-up words.

based suggestions

will come later.

A Generic Spell

(ABA Abdullah &

Add-in approached

The used recursive
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Checker Engine
for South Asian

Ashfag Rahman,
2003)

has been used to

detect highly

simulation algorithm

has lots of bugs and

Languages misspelled words | fails to offer correct
and provides a recommendations.
suggestion for

them.
A Bangla (Naushad Uz Phonetically error Does not offer
Phonetic Zaman & Mumit correction and Unicode for all the
Encoding for Khan, 2004) provided Unicode | vowels. Some of the
Better Spelling for Bangla letters | English letters more
Suggestions are phonetically different letters in
the same as spell. Bangla that may
cause an ambiguous
situation.
A double (Naushad Solves error with Remains some
Metaphone UzZaman & edit distance one | ambiguity in the case
encoding for Mumit Khan, using double of multiple
Bangla and its 2005) Metaphone pronunciations of the
application in encoding. same letter.
spelling checker
Clustering-based (Prianka M, Reduces time and Makes no solve
Bangla Spell andal& BM space complexity | space-related errors
Checker Mainul Hossain, by Clustering the | and homonym errors.
2017) dictionary. The
clustered
dictionary is
constructed on
Structural
Similarity and
phonetic similarity
of words.
A Spell Checker | (LA Grobbelaar & A step has been Wordwise correction
and Corrector for JDM Kinyua, taken to make a is being provided by
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the Native South
African Language
South Sotho

2009)

multithreaded spell
checker searched

in the dictionary to
give the correct

result.

separating the prefect
Translation of more
than one phrase
simultaneously is
difficult in this
approach. Excluding
“Full stop,” other
punctuations have

not been considered.

A Non-Learning
Approach to
Spelling
Correction in
Web Queries

(Jason Soo, 2013)

Adverse
environment
spelling correction
algorithm,
Segments has been
used, a hybrid
approach that uses
N-gram, and a
series of substring
generation rules,
does not require
training data. Also,
language and
domain-

independent.

Algorithm
complexity is higher.
Web crawling can
provide misspelled
words sometimes. In
this case,the result in

accuracy decreases.

Spell Checker

(V.V Bhaire, A. A.
Jadhav, & P. A.
Pashte, 2015)

A spell has been
checked using edit
distance and
comparing it with
the corrected
dictionary. Digital
tree data structured
has been used to

store a dynamic set

It does not solve
homonym errors,
name (noun) errors,
unable to solve
multiple errors in a
word. It’s not a
language-

independent solution.
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or associative array
of English words.

An effort has been
made to omit space

related errors.

Automated word
prediction in
Bangla language
using Stochastic

language models

(Md. Masudul
Haque, Md. Tarek
Habib, & Md.
Mokhles, 2015)

N-gram language
model, back off,
and deleted
interpolation
techniques have
been used to
predict Bangla
words in a

sentence.

TheSolution
provides less
accuracy for a large

data set.

Table 12: Limitations of some Bangla Spell Checker

6.5. Anomalies in popular keyboard including Bijoy Bayanno 2020
and Avro Keyboard 5.5.0:

Some notable problems occur in Bijoy 2020 software like-

1) If we type unconsciously ‘},” and then delete ‘3. Afterward add ‘g then the

modified vowel goes little far from the letter. To avoid this problem, we had to

delete whole ‘R’ and retype the ‘}’

2) There are problems in ligature forms

3) Another problem is in bold typeface. Sometimes the conjunct looks obscure.

4) If the windows version changes, then the fonts break down

5) Bijoy Bayanno does not support google meet

6) There is no inbuilt spell or grammar checker

Some significant problems occur in Avro 5.5.0 like:

1) If two-letter inserted side-by-side, then it automatically makes conjuncts,

which is a big problem

2) Itis not fully phonetically based but seems like phonetic

3) Sometimes more stroke need to type a word, which is time-consuming
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4) The google meet platform ‘Hasanta’ cannot be written under a single word; it
automatically constructs conjuncts with the following word.
5) It does not support Abode photoshop, Elastrator, Premium, etc.
6.6. Research Observations:

While conducting this study, we observed the following things-

6.6.1. Lack of Corpus:

First of all, we have no benchmark dataset or a representative corpus of the Bangla

language. Most of the available canon are imbalanced.

6.6.2. Lack of Collaboration:
Collaboration among linguists and technologists is very rare. Most of the tools are
developed by a technologist who has little knowledge of the language. So, we should

focus on collaboration.

6.6.3. Lack of Information:

There is no comprehensive information regarding Bangla language processing. While
searching for information, get some scattered data. We have no dataset on researchers,
technical experts, linguists, developers, and software companies in this field. That is

why our students are not much interested in Bangla Language Processing

6.6.4. Lack of users of BLP tools:

Most of the students, teachers, and technologists do not use Bangla Language
processing tools. They even do not know much about Bangla language processing.
We will not get actual feedback unless the devices reach the users.

6.6.5. Lack of Experts:

The scarcity of experts in technology and linguistics is another major problem in
Bangla Language Processing. Any linguist does not validate some students both in
public and private institution conduct project on BLP. But the data they used or
simply is imbalanced. We do not have prominent linguists after Dr. Muhammad

Shahidullah, Dr. Mofazzal Haider, Professor Kazi Din-Muhammad, Professor Rafiqul
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Islam, Professor Monsur Musa, Professor Abul kalam Monjur Morshed, Professor

Daniul Hug.

6.6.6. Lack of Researcher:

Researchers are not available in this field up to dem, and of this field. In 1992, the
Department of linguistics started, but the research on Bangla language Processing
seems rare. A few of the students conducted M. A. or M.Phil. Research on BLP. As
far we know, not a single Ph.D. research is completed on BLP in this department. ,
but six students are conducting Ph.D. in computational linguistics in SUST.

6.6.7. Lack of Interest:

Lack of interest is another barrier to step forward in the BLP sector. Some researchers
think that our paper will not publish in renowned journals because of this type of
field. So, they changed their lot later. The researcher findsit difficult to conduct the

study as lack of dataset.

6.6.8. Lack of Availability of BLP tools:

We see many papers available in ResearchGate or academia.edu, but the tools are not
reachable. When we searched, a few software can be download like ‘OCR,’
‘Keyboard layout,” ‘Fonts.” Only a few tools like an online spellchecker, OCR, Font
converter are available. Sometimes, the software does not work, hang the device like a

mobile phone or desktop/laptop. All are not open-source software.

6.6.9. Lack of Analyzation of Anomalies:

Most of the BLP tools are not up-to-date as there is no analysis of bugs. As we earlier
mentioned that the number of BLP tool Users is deficient, including linguists. That is

why the proper limitation of the specific tool is hidden.

6.6.10. Lack of Compatibility Issue:

Many tools have a problem of incompatibility. For example, document typed in Bijoy

2007, 10 Or 16 does not fully support the next version. Fonts are broken by converting
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Bijoy to Unicode and vice-versa. If one has no Bijoy interface, s/he cannot read the
file. ASCIl does not support IPA transcription software and google meet. By

conversion, Avro does not support Adobe photoshop, Elastrator, Premium, etc.

6.6.11. Lack of Cooperation:

While conducting this research, we knocked several language experts and
technologists who have not responded. In ResearchGate, we request almost 150
papers for study, but around seven requests are accepted. Here, we see that both the

technologist and linguist treat themselves like | know better.

6.6.12. Lack of Funding:

We need funds to work better in this sector. For the first time, we see an immense
amount of around 160 Crore Tk to complete a project on BLP in Bangladesh
Computer Council by the government. University and private sector can invest in this

sector to move our country digitally advanced.

6.6.13. Lack of Digital Grammar:

So far, we have no complete Bangla Grammar. We need a Bangla grammar where all
the functions of the words are required to be discussed. For example- there are many
words same spelling but have a different role in sentences. Lemmatization is very
important to tokenize the root word so, we need a digital lexicon dictionary, including

functions of lemma.
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CHAPTER 7
PROPOSITIONS: MEASURES TO BE TAKEN TO
OVERCOME THE CHALLENGES OF BANGLA
LANGUAGE PROCESSING

7.1. Language Planning and Policy:

We have already celebrated 49 years of Independence Day. However, till now,
language planning and policy are not settled. It is a matter of sorrow that our freedom
fighter sacrificed their life in 1971, motivated by language martyrs. Still, the
policymakers are only discussing this issue, but the action is absent. We will not be
able to overcome the challenges in Bangla Language Processing until we form the

highest-body monitoring of the Bangla language and giving us direction.

7.2. National Committee:

A national committee should be present for 2 or 3 years and play a vital role regarding
the Bangla Language Processing. The members of the committee that can be

conformed are as following:
1) Policy Makers
2) Technology Experts & Programmers
3) Linguists (Bangla)& Language Experts (Both from English & Sanskrit)

7.3. Bangla Corpus:

In the 21°" century, there is no Bangla Corpus. ManyBangla language Processing field
researchers claimed that the software tools are not up to users' demand because of a

well-representative corpus. Linguists should focus on this area right away.

7.4. Research Collaboration between Experts:

So far, full-fledged compatible Bangla Language Processing tools are not available.
One of the main reasons is the lack of collaboration between experts, including

linguists, technology experts.
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7.5. Collaboration among Government, Universities, and Software

companies:

There is very little collaboration in our country. Recently, APURBA Technologies
signed an MoU with two universities, including Daffodil International University
(DIU), North South University (NSU). In DIU, they fund three teachers and some
students. In the future, they will include more students for funding, according to the
CEO and founder of the companies. Collaboration among government, linguistic
experts, and IT experts are seen in Bangladesh Computer Council from 2016. No
other partnership is mentionable. Maximum Bangla Language Processing tools have

been developed personally.

7.6. Funding Opportunities:

The funding opportunity is a significant problem or barrier for developing user-
friendly Bangla Language Processing software. Recently, the Bangladesh computer
council is developing 16 components of Bangla Language Processing software funded
(Approximately 260 crore Tk) by the government.Ministry of Information and
Technology give yearly fund based in CSE department of some public universities.
Private and public universities offer internal funds to research, but the amount is not

always sufficient to produce a better tool. So, funds should be increased in this sector.

7.7. Courses should be an offer like Bangla Language Processing in

Universities:

Recently Shahjalal University of Science and Technology (SUST) started
computational linguistic courses. By conversion, the linguistics department at the
University of Dhaka taught some studies related to this field. They offered courses
like Phonetics & Phonology, Morphology, Syntax, Semantics, Pragmatics,
Sociolinguistics, Cognitive linguistics, Corpus linguistics, etc. Without these two
institutions, similar courses are not available anywhere in Bangladesh. Some
introductory courses should be offered at the undergrad level in all universities,
including public and private. By providing these types of studies, we can motivate

students to work dedicatedly in this field. In Bangladesh, students choose subjects
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according to the demand of the job sector. That is why it is high time we made some

job sectors in BLP.
7.8. Open Source platform like Linux should be used to Support BLP

tools:

Maximum BLP tools support only the Windows platform. We should develop tools
that can helpwith Linux, Android,and 10S. We should keep in mind that open-source
platforms are becoming popular, so we need to build more BLP tools for this

platform.

7.9. Models need to be Justified and Well-trained:

There are many models for computing Bangla Language. Every model has its benefits
and limitations. A perfect model needs to figure out for natural processing language
succesfully and get the output according to the expectation. For example, a deep
neural network is more popular than a stattistic model because of its benefits. But also

we should develop more features to train well the model for Bangla Language.

7.10. Recommendations for ICT Ministry:

1. ICT ministry should form a department like Bangla Language
Processing.

2. They should offer to fund research on BLP.

3. Form a monitoring cell for BLP tools. This committee makes sure of
collaboration between linguists and technologists while developing
BLP tools.

4. They can offer Research Awards to encourage the researchers.

5. They can form a central website or achieve where all information

regarding Bangla language processing will be available.

7.11. Recommendations for Linguist:
1. The linguist should make a representative Bangla grammar
2. They should know what programmer dem, and for Bangla language
processing

3. POS tagging correctly
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Find out the lemma correctly

There is no digital Bangla grammar in this digital era so that they can
focus on this area.

They should make a representative corpus, including speech and

written corpus of Bangla Language.

7.12. Recommendations for Technologist:

1)

2)
3)

4)

The technologist should have good knowledge of the Bangla
Language.

They should collaborate with linguists while developing BLP tools
They should know the updated methodology, model, or technology for
Bangla Language Processing

They should ensure high-quality devices while working in this sector

7.13. Recommendations for Researcher:

1)

2)
3)
4)
5)
6)

The researcher should find out the research gap in the field of Bangla
language processing

They should publish quality research more

Collaboration is a must for researching this sector

Encourage some prominent researcher in this sector

They should dedicate themselves to this field

Share their investigations, among others

7.14. Recommendation for the Developer:

1)

2)
3)

4)
5)

Developer should develop Bangla language processing tools according
to the demand.

They should apply the most updated technology

They can offer training or intern on BLP under their software
companies

Recruit some linguist as a consultant

To conduct survey
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7.15. Recommendation for Users:
1) User should use Bangla language Processing Software frequently
2) They can use mobile apps and try to find out bugs (a problem that
needs to be fixed)
3) They can express their opinions via social media or direct to the
developer or researcher as their feedback is essential.

7.16. Recommendation for Bangla Conjuncts and Ligature
redesigning:

1) Conjuncts and Ligature are the select properties of the Bangla

language, but sometimes it is very tough to set a model for those

unique form like- ‘R, 3, @ HF T HF @ & @ F YT I & & T
etc., and ligatures like-© ¢ 7

We need to redesign the shape of conjuncts and ligatures

2) There should be an option in every Bangla Keyboard Interface to write
conjuncts in simple form as well. For example-* ’ instead of ‘%h.’

We should develop font technology to overcome the opacity of conjuncts and

ligatures.
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CHAPTER 8

CONCLUSION
This paper presented Bangla Language Processing (BLP) in Bangladesh regarding

trends challenges and recommendations for overcoming the existing obstacles. Bangla
Language Processing in Bangladesh still is a prominent place to explore. We
discussed available BLP tools and tools under development as well. We tested some
software from online and Android platforms to find out anomalies or limitations. Our
selected software is Optical Character Recognition (OCR), Bangla Spell Checker,
Bangla Keyboard Interface, Fonts, Machine Translation (MT), Text to Speech
Converter (T2S), Speech to Text Converter (S2T), Bangla Search Engine, Bangla
Corpus Development, IPA Transcription, Sentiment Analysis, and Bangla POS
tagging. We collected data from four interviewee groups, including developers,
researchers, technical experts, language experts, and users. Despite our best efforts,
we could not reach the policymaker.

If we look at Bangla Language processing tools like Bangla font, we see many
anomalies. Especially in many conjuncts mentioned in the data presentation chapter,

we cannot display them electronically transparently. Likewise, SutonnyMJ the
conjuncts-®, %, ¢, |, 9, %, 8, 9, L., =, ¥, 8, G, ¢ are not clear in all presented

fonts, and their sizes are different in 14 points size considered standard for Bangla
Type. Command to type Bold or regular does not work correctly for some Bangla
fonts. Another essential thing is the aesthetic view of fonts. Some fonts are too small
in standard 14 points size, and some are comparatively larger. There is debate on
Bangla Keyboard Layout like which is convenient- Bijoy Layout or Phonetic Layout.
We cannot write Bangla fully phonetically with the help of the present English
Keyboard. Ligature and conjuncts are broken while convert from ASCII to Unicode

and vice-versa. Speech to Text, along with google translate software, does not
recognize the pronunciation of ©, 7, &, ¥, etc. and interestingly, the pronunciation of
‘QFI89” annotates as ‘61°. Bangla OCR does not recognize many words, conjuncts,

and different formats like pdf as well. Spell checker like Avro suggests wrong
spelling and also more than one or two false suggestions. IPA transcription software

does not support ASCII or android along with silent letters in some cases. The

121



challenges are limitation of technology, lack of experts, lack of datasets, a lack of
linguistic knowledge, lack of collaboration, lack of funding, and many more. We see
that we have no benchmark or standard corpus, including speech and written form.
We need permission to use datasets from private sources.

However, we have not applied font technology for the Bangla language well; by
conversion, there are so many complex scripts like Chinese, Japanese, Tamil, Arabic
languages that developed their font technology and can display their written form.
Even the writing system is different from some languages like Arabic (Right to Left).
Nowadays, the Avro keyboard gets more popular than Bijoy because the new
generation compares English letters to Bangla letters and finds phonetic layout like
Provat, Ridmik, Google-Board, Ekushey, etc., convenient. Unpublished research
showed that 90% of young (approximately 5,000 students were participants) are
comfortable with the phonetic layout. As ASCII format does not support maximum
field, most Unicode fonts are now available, but the major problem is the
compatibility issue. But another thing is that Unicode does not support photoshop,
illustrator, premium, etc. Typing is always with typo error, so in English and other
languages spell checker is available; conversely, we did not get any Bangla spell
checker and grammar checker. If we want to develop a user-friendly speech-to-text
and vice-versa software, we need to correct annotated addresses from the audio file of
standard pronunciation. Separately or personally, some works have been done in this
field. Still, those words and the articulation of Bangla words in google translate are
not validated or authenticated by any linguist.

Moreover, there is a debate, whether the book represents the standard pronunciation
of Bangla words of Dhaka City or Bangladesh, on the book named ‘S&i=ted wfoq’

published by Bangla Academy. The application of such rules in terms of
pronunciation should be marked by digitalization and preservation of Standard
Pronunciation of Bangla words frequently used in all sectors. Some accents data have
not been inserted into the software. There is no digital audio record of Bangla words.
Bangla OCR, Speech to Text, and vice-versa software are not user friendly. Sentiment
analysis software is at armature level. POS tagging software, stemmer, lemmatization,
word categorization are not developed up to the user dem, and only because of not
publishing a digital dictionary. We got IPA transcription software for the first time in
Bangla, but it does not support ASCII format and the android version. Some words
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cannot be transcribed correctly. Regarding the corpus, there is no complete
representative Bangla Language Corpus. Some developers made some canons only
based on the specific field; for example, a developer developed a tool like speech to
text. He annotated datasets from different users of different contexts. But the major
problem is whether the corpus is validated or reviewed by a linguist or language
experts. Without the current project running in Bangladesh Computer Council. There
is no complete collaboration in this field. Many organisations and institutions
developed their own datasets, but those are not open for publicly accessible for
example, google developed a datasets, but it is not open or even validated by linguists
or experts. Prof. Muhammad Zafar Ikbal took an excellent initiative personally to
apply Computational Linguistics in the academic area in SUST. CRBLP of Brac
University started to develop some BLP tools funded by a Canadian organization, but
unfortunately, that stopped. So, funding and collaboration seem rare. Students of the
computer science or linguistic department are not interested in this field as there is no
complete Bangla Language corpus. Especially a public institution might play an
important role in this sector. We requested almost 150 academic papers for getting
full text on BLP through Researchgate, but around 5-6 researchers send the articles.
So, the lack of sharing research is another big problem in our country. We could not
reach many researchers in this field after knocking via mail or phone-contact, even
after confirmation of the appointment. A project offered by the government (2016-
2021) continuing in Bangladesh Computer council makes us think positively
regarding Bangla Language processing. For the first time, a big budget is being spent,
including collaboration. Tender is also another problem because of the big-budget. It
took a long time to start the project. We can fix most issues like bugs and anomalies
by making a well representative standard Bangla corpus and more funding and
collaboration. According to the standard Bangla Corpus, we should reprogram our
BLP tools, and tools should be open source, including active online and offline. The
researcher should work actively in this field. We did not mention exactly how many
software companies are working in this sector; their purposes are not understanding.
Paid and open-source software should be tested by linguists. The researcher should
analyze the anomalies of BLP tools up to the demand of the developer. A complete
Bangla Corpus should be developed, and find out the more appropriate model for

Bangla Language processing. Digital Bangla Grammar is a must for understanding
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Bangla Language quickly. Language should have got priority as our martyr sacrificed
their lives to protect the right of mother tongue. Still, our government and experts in
this field are silent for many years after independence. That is why we cannot move
forward. Almost all the works are done based on written corpus; there are a few
correct annotated datasets on speech. We only studied the open-source tools but paid-
version Bijoy Bayanno 2020. Paid tools should be analyzed. The dataset for the
devices has not been discussed fully as those are not available. We did not make a
comparison for all BLP tools without a few like fonts, spellchecker. We need some
detailed linguistic challenges and solutions to overcome limitations. Researcher in this
field will get an overall idea regarding Bangla language Processing in Bangladesh and
motivate to explore many areas of this subject. It is high time we worked together to

update or fix bugs up to the users’ expectations.
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APPENDIX |

Interview and deliberation/colloquium

Daniul Huq, Professor (Retd.) of Bangla Department of Jahangirnagar

University:

Bangla Language Processing in Bangladesh seems plodding progress in Bangladesh
compared to the other languages like Arabic, Chinese, Japanese, etc. We have no
compatible keyboard layout and fonts. Other tools development is at in amateur level.
In a recent workshop, we found around 300 conjuncts of the Bangla language, which
are not added to the software. Avro is a syllabic keyboard, so we cannot write many
letter combinations. As it has spelling suggestions, the user can get confused whether

the correct one. It does not support Adobe Photoshop, Illustrator, etc.

Muhammad Zafar Ikbal, Professor of CSE, Shahjalal University of Science and
Technology:

It is my great pleasure to let you know that six students are researching Bangla
Language Processing at SUST. We are to take assist from a linguist in every step. We
have almost all kinds of technology available for the computing of the Bangla
Language. As the development of the corpus is time-consuming, we tell the researcher
to make their datasets. For example, -a respondent utters ten sentences in ten different
tones to represent naturalness for Speech to Text converter. They make sure the high-

quality voice.

On the other hand, Bangladesh Computer Council is working very well on this
platform. Government fund Tk 160cr for the project. Half of the budget is for making
a standard corpus of the Bangla language. Though sometimes, they change their
mindset to go abroad for a better opportunity. Afterward, they did not come back to

Bangladesh.

Abdullah-Al Mumin, Professor of CSE, Shahjalal University of Science and
Technology:

Lack of corpus is one of the causes that we are not getting convenient tools. We
developed a text corpus, Sumono, the largest of its kind at SUST, consisting of 27
million words. We had developed another English-Bangla parallel corpus, SUPara, at
SUST that consists of 2,000000 words either in languages. We are collaborating with
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some of the Professors of Bangla at SUST. We need more collaboration. Government
or Institutions should increase the funding opportunities. However, we fund some
Ph.D. students through the ICT ministry. Now, | am working on collecting audio from
the Sylhet dialect. | plan to develop a corpus on 'Rabindranath Tagore' like a corpus
developed on 'Shakespeare,’ and write a book on Bangla Language Processing.
Professor Niladri Shekhor Dash of ISI at India did excellent work in this field. If I get
a chance to collaborate with linguists, we can develop some necessary applications on
BLP. We will publish our datasets and tools on websites as open-source resources.

Shakhawat Ansari, Professor of linguistics, University of Dhaka:

It is a matter of sorrow that we do not give much importance to Bangla Language in
Bangladesh. Still, we do not have any language planning and policy. There is no
incorporation between spelling and articulation of the Bangla Language. If

incorporation is not possible, then there will be more option for a single word like

SifoSt', The government can make a highest-body who will work for incorporating

Bangla language. Experts from Bangla, English, and Sanskrit will be the members of
the committee. The name of the highest authority can be 'VASHA COMMISSION' or
a relevant term. Bangla Academy is working on Bangla Language Development, but
there are no linguists of Bangla Language. We did not get a good number of linguists
of Bangla Language. We are working on Indigenous languages, but the mainstream's

language problems should be solved first.

Niladri Shekhar Dash, Linguistic Research Unit, Indian Statistical Institute:

Corpus is one of the significant areas for BPL. We do not have a complete and
representative Bangla Corpus in Bangladesh and West-Bengal as well. It is very time-
consuming to develop a representative corpus. If we want to build a speech corpus of
the Bangla Language, we must consider things like speech annotation correctly. We
need high-quality tools for recording high-quality voices. There are 16 different
components for a speech like intonation, tone, pitch, length, etc. We need to analyze
those components for sentiment analysis. In Bangladesh, | have been invited to
collaborate with a BLP project. Where one chapter of my book recommended corpus
development guidelines. Now, Bangladesh Computer Council is working on a project.

They are trying to develop many tools—some works. There are many challenges in
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developing BLP tools. For example-Technical (not available for the Bengali

Language)

Development of Bengali font technology, Text processing tools, Text Annotation
tools and techniques, Development of Bengali font technology, Data archiving of
texts, Text Normalization techniques, Text-to-Speech/Speech-To-text, Machine
Translation tools, Speech Recognition tools, Sentiment Analysis and Recognition,
Hate Speech analysis and Recognition, Verbal Aggression recognition, and many
more. On the other hand, Linguistic (Not available for the Bengali Language)-
Standard and well-representative text corpus, Standard and well-representative
Speech corpus, Parallel text corpus, Multimodal Text, and Speech Corpus, Annotated
Text and Speech, Corpus Processed Text and Speech Corpus, Digital Lexical
databases, Frequency-based Lexical Databases, Concordance List of most frequently
used words, Parsed Syntactic Databases, Digital dictionaries and thesauri Digital
Bengali grammar and many more. We can develop the tools above since complex
scripts like Chinese, Japanese, Arabic (Writing systems different from Bangla and
English) have already created them.

Nabeel Mohammad, Associate Professor of CSE, North South University:

While we go to work on Bangla Language, the problem we face is the lack of
datasets. Suppose we want to make a corpus where 100 linguists will work and 2-3
years need to finish the canon. But we cannot move forward because of a good
number of linguists. We can develop tools for the Bangla language but, we need
validation from linguists. We need sufficient funds for creating tools. To represent the
naturalness of devices, we need access to a different context. But some places are
restricted. For example- we cannot use the language of our Parliament easily.
Diversity and volume of datasets are other areas to explore. We managed data in one-
dimension to train the system, but linguists work data in many dimensions. Lack of
collaborations seems another problem in developing BLP tools. Dependency parsing
is one of the challenging tasks for linguists to analyze.

Mamun Or Rashid, Associate Professor of Bangla Department at Jahangirnagar
University and Language Consultant at Bangladesh Computer Council:

I am working on a project at Bangladesh Computer Council as a Language

Consultant. Hence, we are trying to develop some BLP tools. We already developed
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spell and grammar checkers, OCR, IPA transcription software, Sentiment analysis,
Machine Translation based on ten languages. We are collaborating with the
technologist. Nearly ten teachers of the linguistics department are working on this
BLP project funded by the government. We are trying to create a convenient Bangla
Keyboard layout. It is impressive that the software company named ‘Vendor’ found

nearly eight lakh unique tokens of the Bangla language. There are some problems in

negotiation with Unicode Consortium; for example- they directed us to write ¥ © ¥’
as first we have to insert ‘¥ © T, then we have to put *.” (Nukta). But, we proposed to

Unicode Consortium to include ¥ © 7’ as a single/atomic character. We should work

hard for dependency parsing as it may solve many problems on BLP.

Mashrur Imtiaz, Assistant Professor of Linguistics Department, University of
Dhaka:

Bangla Language Processing still needs to be focused remarkably. Once upon a time,
CRBLP started working with the primary hub of Bangla Language, but it stopped
because of funding. There is a debate on keyboard layout designing, but I think it
depends on the skill; for example- | am habituated with typing Avro keyboard, so now
| did not find any problems typing Bangla Language. | can also type with Bijoy.
Sometimes, we compare the Bangla Writing system with typing, but we should keep
in mind that typing is a different platform, so the wring style may vary. Ridmik or
Avro got famous on the web for writing Bangla. Now professionally, the UniBijoy
layout is being used as well. So, we can make incorporate of keyboard layout. We
could not develop user-friendly software because of the corpus. Bangladesh Computer
Council is trying to establish a canon, but it is in the initial phase. We can start corpus
with standard language, so we need to create the base from written documents. The
commonly used fonts are SutonnyMJ, Kalpurush, Shiyam Rupali, Nikosh, etc. Some
Newspaper uses their fonts like Prothom Alo uses the ‘Prothoma’ font. All the
newspapers are using Unicode-based font. Overall, we need collaboration to
overcome these problems. Still, somehow our programmer thinks language is a simple
entity, but language itself is a complex entity, so we need to analyze the languages for

computation.

Sajjadul Islam, Professor of Bangla Department, Jahangirnagar University:
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We do not see software like Bangla Pronunciation. It is essential to have this kind of
tool for our students and users of the Bangla Language. In Bangla Academy, they
published many dictionaries on Bangla Language. But, as per my knowledge, there
are no linguists in their committee. We should include a journalist in such a
committee and know that newspaper represents the everyday language. We have no
original Bangla Grammar yet. We could not solve a problem like which one we write

‘@PRTED’ or ‘RTIA. ‘@PED’ is the English word ‘AGSRT is a French word. So,

we need the incorporation of using words. We could not make a digital dictionary.
But it is possible to write a digital one.

Tarik Manzoor, Professor of Bangla Department, University of Dhaka:

We see a few numbers of BLP tools available in Bangladesh. | do not have much
experience using those available tools. We have no spell checker in Bangla. It’s is a
necessary tool for use. Bijoy or Avro can develop this as an inbuilt tool. There are

many anomalies in font display. | am using Bijoy Bayanno 2020, where some
anomalies like If we type unconsciously ‘B,” and then delete ‘’. Afterward, add ‘),
then the modified vowel goes a little far from the letter. To avoid this problem, we

had to delete whole ‘,” and retype the ‘}’. It is time-consuming. A developer also
develops a system where automatically space comes after punctuation marks.

Bangla Language Processing cannot move forward because of a lack of incorporation
in spelling, pronunciation, etc. There might be 2 or 3 options for word spelling. The

same thing can best apply to accents.

Mohammad Azam, Professor of Bangla Department, University of Dhaka:

Many researchers are conducting BLP. But we could not solve the problem whether
we use Bangla or foreign words in our language. So, our Bangla grammar is not
complete yet. We use Bangla words but add Sanskrit suffix. In this case, how we
differentiate words. I think it’s better to treat terms used in Bangla as Bangla words.
Our country has got 3 or 4 renowned linguists. But we need more. The linguistic
department should come forward to research in this field. A committee should be
formed under Bangla Academy who will work for the development of the Bangla

Language. Some letters will not use shortly like- ‘®, <, ¥’ etc.
Rifat Hassan Jihad, Mechanical Engineering, KHUET:
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The main challenge | faced while developing a Bengali layout is to map the =&

(Aspirated) & =gialdl (Unaspirated) phoneme according to keystroke frequency. On

most of the existing designs, these types of characters are mapped under one key.
Again, all vowel letters have to be mapped under the Alt-Gr state to keep all keys in a
uniform style. It is logical, but it is not possible to maintain the keystroke frequency
efficiency in this style. All vowels can be generated with the Hasanta key, but the
Dead Key feature is not available in Linux-based OSs. Mapping Bengali ligatures in a
layout is problematic. As the current input method system (XKB) in Linux-based OSs

does not support this kind of key-mapping.

Arif Ahmed, Information science, Leading University, Sylhet:

The 1st challenge is a good dataset/corpus. Since most of the researches is now being
conducted in deep learning methods, a suitable dataset is essential. We didn't have
any, so we had to prepare our own, which took a lot of time—2nd challenge:
computing resources. Again, deep learning algorithms need to be run on powerful
machines. Luckily, our department provided us a GPU-based server for our
experiments. Lack of previous researches: There are not many pieces of research done
in Bangla with state-of-the-art techniques. So, we couldn't take much from the
literature review.
Expert linguists: Although we didn't need in-depth linguistic knowledge for our tasks,

| would appreciate some help from linguists at the earlier stage of my studies.

A. S. M. Shakil Haider, Ph.D. candidate at Texas Tech University, USA:

Natural Language Processing is an exciting field. But Bangla Language Processing is
in the primary stage. | use some tools to write Bangla on the web. Usually, | use
‘SARCHAKKRA’ for writing Bangla. There is no spelling correction option in that
interface. It would be better if the developer adds this facility. Pronunciation of words
is essential so that it might be added as well. Many conjuncts are not clear while
writing in Bangla. Professionally 90% of people use ASCII format, but it does not
support many platforms like google meet, Turnitin, etc. | searched tools like speech to
text and vice versa in the play store, but most of them are worthless. The researcher

should come forward in this field.

Sabbir Ahmed, Final Year Student, CSE of North South University:
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As a student of CSE, we are to complete many projects. Some students take projects
on Bangla Language Processing; for example- | am now developing a system where
voice can be verified. The main challenge is to find out the perfect model to apply.
We can create many tools on BL by some available datasets. But we should identify
first what model goes with what datasets. Many people think that Bangla coding is
significant for computing Bangla Language, but it is not valid. The model applicable
IS necessary to know first. Coding in Bangla is possible, but the international standard
should maintain in this case. We do not get good research because some students do
the project to get a good grade. The quality of their task is deficient. So, we do not
have much knowledge of linguistics, so we need collaboration to produce a validated

tool.
Sanjid Alom, Arabic department, University of Rajshahi:

| have some experience using BL (Bangla Language) apps. Especially, speech to text
software. The problem is that sometimes, it does not work correctly. It got hang or
stop. Bangla fonts are not marginable with English font. More apps on Bangla
grammar should be developed. There is an alignment problem while Bangla and
English are written together in the same line. Sometimes, words are typed in Bold
format. It cannot be changed in a regular form easily. Fonts are broken while

changing the MS word

versions. Sometimes, the command does not work like if I want to bold some Bangla
Typeface, then it remains normal and vice-versa. Some Bangla ligatures and
conjuncts are not clear in different fonts. There are problems in the aesthetic view of

some fonts.
Sayada Jahan, MEd (continuing) in Education, IER, University of Dhaka:

Many Bangla Language Processing tools are now available in the play store. All are
not supported on all platforms. Some apps need the updated android version. |
downloaded a software text to speech, but it did not work correctly. Even typed
Bangla in windows 19 does not support well in the earlier version. When | transfer

Microsoft doc from 19 to 2007, then all the Bangla Words glue to each other, for

example- ‘SifCsNICEoICEAI™,” Sometimes, Bangla scripts break down into different

versions of MS word.
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On the other hand, in the excel sheet same font in the same size seems different in
some columns. We should immediately develop tools like Bangla spell and grammar
checker. We are going through a pandemic situation where students participate in
online classes, but there are no Bangla compatible tools like Zoom, google meet, or
Duo. Some devices are paid versions like spell checker of CRBLP, Bijoy of Ananda

Computers. These tools should be publicly accessible for further research also.
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Appendix 11
Some BLP Tools
Unicode Supported Fonts:
1. Amar-Desh 32. NikoshLight-Ban
2. Adorsholipi 33. NikoshBAN
3. Aponalothi 34. NikoshGrameen
4. Akashnormal 35. Nikosh Light
5. Amar-Bangla 36. Nikosh
6. Azad 37. Punatbhaba
7. Amar-Bangla-Bold 38. Rupali
8. Bangla-Kolom-Bold 39. Sornaly
9. Bangla 40. Sulekha Bangla Font
10. Bensen Handwriting 41. Sumit Bangla Font
11. Buriganga 42. Sumon Unicode Madhob
12. Bangla-Kolom Bangla Font
13. Bensen 43. Sumon Unicode Rajani
14. 16-December Bangla Font
15. Ekushey-kolom 44. Sumon Unicode Slipi
16. Ekushey-sumon Bangla Font
17. Ekushey-Kolom.Bold 45. Sutom Bangla Font
18. Ekushey-Bangla 46. Solaimani Lipi
19. Godhuli 47. SuttonNy Bangla Font
20. Ghorautro 48. SolaimanLipi_Bold
21. Kalpurush 49. SolaimanL.ipi_20-04-07
22. Likhon Normal 50. SolaimanLipi_22-02-2012
23. Lal-Salu 51. SolaimanLipi_29-05-06
24. Lal-Sabuj 52. Sagar-Normal
25. Lal-sabuj-Normal 53. Sornali
26. Mitra 54. Sharifa
27. Muktinarrow 55. Sumit
28. Mohua 56. Siyamrupali
29. Mukto 57. Shimanto
30. Mukti 58. SutonnyMJ
31. Mukti_1.99 PR 59. Vrinda
Table 1: Unicode supported fonts
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Some Latest fonts developed by ‘LIPIGHAR’

ATIT RRR
AINT] (HTAT] FIRAT

FSfAETS 292 ANSI | 2 SBTRT

faeat BeEs

fae&t craF I

AHNTF (HTATT 1T
coTaT I

oIfegT I3

AHNTF (HTATd FT1RT
FSfAETS 232 ANSI | 4 513

ATfES ST oY

a%F. a¥. A7faw

2[ifein @RI

FOfa@ETS 932 ANSI | 2 SB1RT

SASTY (Gt

AT FTIH ST

IR (&)

FOfa@ETS 932 ANSI | 2 SBT3

1w FTeEfefa
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3%, ay. a1

et Plerf<plel

FSfAFTS 292 ANSI | 2 SBTRT

fery fraTaTe

a%F. av. A7ferw

i WA

FOfa@TS 232 ANSI | 2 SBT3

qTe] Wl

Baloo DaCreated by: Noopur Datye and Ek TypeUnicode3 styles

Noto Sans BengaliUnicodel3 styles

BELEXIIG]

Siyam RupaliCreated by: Md. Tanbin Islam SiyamUnicodel style

Al

SagarUnicodel style
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NikoshUnicodel style

IR

KalpurushCreated by: Md. Tanbin Islam Siyam Unicodel style

= frferafe

Hind SiliguriUnicode5 styles

SITATAT

GaladaCreated by: Latin by Pablo Impallari, Bengali by Jeremie Hornus,
Yoann Minet, and Juan Bruce Unicodel style

AFCT (STIgfe

Ekushey GodhuliUnicodel style

(4444

BenSenCreated by: Subrata SenUnicodel style
o
BanglaUnicodel style

AT
O O G ETC)
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AponalLohitUnicodel style

S[PT

AkaashUnicodel style

LG
AFTT e

Ekushey SumitUnicodel style
APCT ™ | ? ]

Ekushey SharifaUnicodel style

AFTT NIFO!
AFTT (RS

Ekushey LohitUnicodel style

AT g5fT

Ekushey DurgaUnicodel style
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Ekushey AzadUnicodel style

SolaimanLipiCreated by: Solaiman KarimUnicodel style

(@TeT 3% @5

Noto Serif BengaliCreated by: Indian Type FoundryUnicode?2 styles

CATBT ST (5T
ETCIO 3

Noto Sans Bengali UlUnicode9 styles

>

MuktiCreated by: Dr Anirban MitraUnicodel style

fora

MinaUnicodeZ2 styles

NETGIETIGICAN]

Charukola UnicodeCreated by: Chandan AcharjaUnicode6 styles
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STFFT ITO(S O
(TG ROTA(F G

Charukola Round Head UnicodeCreated by: Chandan AcharjaUnicode

51 5d AT6TRIS
LICIC (G

CharuChandan HardStroke UnicodeCreated by: Chandan AcharjaUnicode4
styles

YERARGETIGICAN)

Charu Chandan UnicodeCreated by: Chandan AcharjaUnicode4 styles

5T 54 3T O
LICICCAI)

Charu Chandan BloodDrip UnicodeCreated by: Chandan AcharjaUnicode4
styles

51 v fYfe
EICIC G
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Some Bangla apps of Android phone:

There are many Bangla apps are available in android or smart phone. Some app’s
name has been given below-

Bangla to English Dictionary
English to Bangla Dictionary
Bangla Speech to Text
Bangla Text to Speech
Banga OCR
Puthi OCR
Subachan speech to text
Bangla Dictionary offline
Bangla Panini keyboard

. Bangle SMS android app

. Bangla calendar android app

. Bangla currency converter android app

. Bangla vai android app

. Bangla Rashifol android app

. Bangle calculator

. Recipe (Bangla)

. Bangladeshi National Anthem

. Maths for kid in Bengali

. English to Bengali flashcards vocabulary app

. Bijoy keyboard app

. Avro keyboard app

. Bangla-TV android app

. Mayabi Keyboard

. Ridmik Keyboard

©oN R WNRE

MNONNNNNNRERRRRRRRRR
B WNRPOOW®O®M~NOOUNWNIEREO

Bengali Spelling Checker:

Nikosh Bangla
Ankur

Mozilla add-on
Avro
Shuddhoshabdo
Srishty

ok wdE

Bangla Keyboard Layout:
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2. Shahid Lipi 2. Inscript Keyboard 3. Jatiyo keyboard 4. Probhat 5. Ekushey
keyboard 6. Munier keyboard 7. Bijoy 8. Uni Gitanjali 9. Rupali keyboard 10.
UniBijoy keyboard 11. Ridmik keyboard 12. Mayabi keyboard 13. Bangla
word keyboard 14. Baishakhi keyboard 15. Avro keyboard
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1

(Global Platform- )

) (Development of Complete Bangla Corpus
following international Standard)

POS

) OCR
(Further improvement of Bangla OCR developed by ICTD &
integrating hand writing recognition system)

OCR
% OCR
%

) (Development of Bangla speech to
text & text to speech software)
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(STT)
| (TTS)
dyslexia , reading challenges
: , /
) ( ) (Improvement of the National Keyboard (Bangla)
‘ ' (BDS-1538:2004)
) ( ) (Development of Bangla style guide)
( 1 1 H ) 1 (
),
) / ) (Development of the Bangla font interoperability Engine)
(. )
I )
) CLDR

(Development of Bangla CLDR
resource and submit to Unicode)

(Unicode Common Locale Data Repository st CLDR)

) (Development of Bangla Spell & Grammar checker)
, ( , , )
/ ,
) (Development of the Bangla Machine Translator (MT))
/ I , |
) (Development of Screen Reader software)

( )
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) /I ' T3 (Development of software
for disable people)

- - /
) (Development of sentiment analysis software in Bangla)
opinion mining ,
) (Developing a service platform

combining language processing tools to build processing pipelines for value adding tasks in
multilingual content processing)

) / (Translation of most popular/used sites
into international language)

1 H 1 H /
: ( , bn_bd) , ,
) /- feare (Standard Keyboard for
Tribal Languages)

) IPA (Incorporating Bengali IPA fonts and software to
world language linguistic List)

IPA

/

International Phonetic Alphabet (IPA)
IPA , - , ,

. IPA
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, : HDPE Duct
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#ReadyFor

NGITAL Tomorrow

WO RLD20T7

‘of TR BEMT T AFLCTE G FAT &z
A=A sPereTr

Y SR = THIN IS SR, Tl 78, T, BRI @ e ey Taem
g ofeR : SR ST Sifewe, s, oo ¢ @it a1 fent
Aoroifs : FIR AT, <o wfeieom wiehe
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