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ABSTRACT

This thesis focusses on analyzing the ASCII based legacy fonts to identify common visual
features of different glyphs in order to identify the minimum number of glyphs needed to be
designed to create a Unicode compliant Sinhala font. Due to the lack of codepoints availability,
most of the times, legacy Sinhala fonts consist only the glyphs which cannot be created by
combining multiple glyphs. And since they are in common use among Sri Lankan people for
almost 3 decades, this supports the hypothesis that the glyphs in these fonts can support most if

not all Sinhala words in common use.

We identified that with 594 glyphs we can design a Unicode compliant Sinhala font that would
facilitate the common Sinhala writing. In order to find the minimum glyph count needed to
design these 594 glyphs we have suggested 6 main groups that the glyphs in a legacy font can
be divided into. And we also suggested that glyphs in 2 of these groups can also be grouped

into 8 sub-groups depending on their visual similarities.

Finally, we have identified that the minimum number of glyphs needed to be designed is 167
glyphs. And we also have suggested a way to reduce the number of glyphs to be designed to 81
by using glyphs from an open licensed font to generate glyphs for the codepoints in basic Latin

character set.

With identifying the minimum number of glyphs to be designed we move to the second part of
this research which is to generate a Unicode compliant font using the minimum glyphs designed
by utilizing the python scripting capabilities of FontForge software. Here we have identified
that there are 2 ways of doing this by either creating everything including lookup tables
programmatically using python or using an existing font to create a new font by replacing its

glyphs and other general information.
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CHAPTER 1
INTRODUCTION

In the realm of digital communication, fonts serve as the visual bedrock of written language,
shaping the way we perceive and interact with information. Beyond mere aesthetics, fonts hold
the power to evoke emotions, establish brand identities, and enhance the readability of textual
content. Designing a Font is no simple task. An individual must possess both artistic inclination
and technical literacy with a strong design sense and typography knowledge when it comes to
becoming a font designer. In today’s world there are thousands of fonts that represent many

languages all around the globe.

Sinhala is one such language primarily used by the people of Sri Lanka. Being one of the two
official languages in the country Sinhala is spoken by more than 17million people as their first
language, specially by the Sinhalese people and more than 3 million people as their second
language. Sinhala language consist of its own alphabet and a writing system which is a
descendent of Brahmi script and also related to Kadamba script. Despite being a descendant of
Brahmi script, the Sinhala letters have a curved shape rather than the angular shape of the letters

in Brahmi script. (“Sinhala script,” 2023; “The Sinhalese language,” n.d.)

This research delves into the captivating world of Sinhala font design, seeking to untangle the
complexities that have hindered its widespread proliferation. By analyzing legacy fonts,
identifying common shapes, and proposing a streamlined approach to glyph design, this study
aims to minimize the time it takes to create a Sinhala font. Thus, encouraging Sinhala font

designers to create new fonts with minimal effort.
1.1  Motivation

The 1900s and early 2000s are often regarded as the golden era of Sinhala fonts. Many of the
fonts widely used today were created during this time. A significant portion of these fonts was
based on American Standard Code for Information Interchange (ASCII), and when Sinhala
character set was included in Unicode standard, a new set of Unicode-based Sinhala fonts were
developed. However, in the subsequent years, there has been a noticeable decline in the creation

and release of new Sinhala fonts.

In 2009, the Information and Communication Technology Agency of Sri Lanka (ICTA)

developed the Bhashitha font family, which consisted of 9 fonts. In 2009 and 2015 ICTA held

training programs for font developing and several stylized Sinhala Unicode fonts were created
1



as a result. Despite these initiatives, the past decade has witnessed a relatively quiet period in

terms of introducing new Sinhala fonts.

Around 2010, despite the introduction of the Sinhala Unicode standard and the availability of
several Unicode-compliant fonts, ASCII-based legacy fonts continued to be widely used in
various government offices and popular websites. This trend persisted for several reasons,
mainly attributed to the inadequate support for the Sinhala language by operating systems and
the limited usage of Sinhala on mobile devices. However, in recent years, these hindrances have

been effectively addressed, marking a notable shift in the landscape.

The exponential surge in Sinhala’s digital presence witnessed over the past two decades is
evident through the proliferation of Sinhala-based websites and online content, as well as the
growing engagement of the Sinhala-speaking community on social media platforms, seamlessly
employing their native language. Moreover, the provision of translation support for Sinhala has
further fueled this digital expansion. The introduction of new Sinhala fonts is crucial for the
ongoing digital expansion. Relying on legacy fonts that have endured for several decades is no

longer sustainable.
1.2  Statement of Problem

The current scarcity of Sinhala font developers is particularly pronounced in an era where the

demand for digital content is more significant than ever before.

Creating a font entails a highly intricate process which might even take weeks or months,
particularly when it comes to complex scripts such as Sinhala which contains complex character
shapes where the same glyph can yield distinct shapes when combined with different vowel
signs. Thus, the designer should take careful consideration of the individual character shapes
and their interaction to create visually pleasing and well-proportioned fonts. Proficiency in
vector designing software and font design tools is also indispensable for a font designer. An

individual who composes all these abilities is a rare even in the computing community.

Due to these reasons, we see a very little number of font creators in Sri Lanka. Even though
there are people with necessary skill set most of them tend not to be interested in font designing

mainly due to the time and effort that can’t be afford in the today’s busy world.

Even for a legacy Sinhala font, which is based on ASCII, there needs to be around 200 - 230
different glyphs to be designed. For a Unicode compliant Sinhala font, the number of glyphs

need to be designed greatly increases up to at least 500 glyphs. The process of font creation is

2



not bound to just glyph designing. it also consists of various other things such as giving further

instructions on glyph substitution, contextual alternates, ligatures, and other typographic

optimizations specific to Sinhala script that should be provided by the font designer. For an

inexperienced individual, undertaking such a time-consuming commitment would become a

vital factor diminishing their interest in font designing.

1.3

Research Aims and Objectives

This thesis centers on the analysis of glyphs within existing Sinhala fonts, aiming to identify

visual resemblances among diverse glyphs. The objective is to leverage insights gained from

this analysis to ascertain the capacity to generate glyphs based on the identified similarities in

Sinhala script.

14

1.5

Analyze the existing legacy fonts to identify the commonly used glyphs.

Analyze existing legacy fonts to identify the commonly used shapes in the existing
glyphs. And to determine the minimum number of glyphs that is needed to create a

Unicode compliant Sinhala font.

Propose a set of glyphs and design rules that is required to create a new font using the

findings of the research.

When a set of glyphs are provided that adhere to the above rules, generate a Sinhala

Unicode compliant font.
Research Questions

What is the minimum number of glyphs needed to create a Unicode compliant Sinhala

font?

Can we use the identified common parts of glyphs to construct new glyphs without
designing them. If so, how many glyphs should be created to generate all the glyphs

needed to be included in a Unicode compliant Sinhala font. And what are they?
Is there any other way to reduce the minimum number of glyphs to be designed further?
What is the possibility of using existing font to create a new font?

Scope

In this study, we aim to explore the inherent characteristics shared by various letters within the

3



Sinhala language. At first glance, it becomes evident that certain letters exhibit common
features. To investigate this phenomenon, our research will utilize Sinhala legacy fonts to
identify these shared attributes. The rationale behind employing legacy fonts lies in their
widespread usage and extensive testing over time, enabling them to support a significant portion

of Sinhala written words.

When developing a Unicode compliant Sinhala font, it is essential to include the entire basic
Latin (ASCII) character set as well. Although our focus does not encompass the creation of all
glyphs within the ASCII character set, we will include all numbers and commonly used
punctuation marks. But we will not be focusing on the Sinhala numbers and the glyph 0D81
Chandra Bindu sign. We will not also be focusing on touching letters and conjunct letters which

are not in common usage and already have a standard way of writing them.
1.6 Structure of The Thesis

This paper consists of 6 chapters. The introduction chapter will provide an overview of the
thesis and its structure. The chapter 2 contains an overview of fonts, Sinhala language,
researches done on the anatomy of Sinhala typeface, Sinhala legacy and Unicode fonts and

finally about a font that was generated using python and FontForge’s scripting tools.

The research can be divided into two primary phases. Firstly, we will analyze the glyphs of
Sinhala legacy fonts and determine the minimum number of glyphs designs necessary to
construct a Unicode compliant Sinhala font. Once these glyphs designs are identified and
designed accordingly, the second phase involves generating the complete font. Chapter 3 of this

paper will be focused on these 2 phases.

In the 4™ chapter the implementation of the software purposed in the 3™ chapter will be
discussed in a technological manner. In the 5" the fonts generated using the purposed software
will be examined and discusses the evaluation criteria and methodologies used to assess the

quality and effectiveness of the generated fonts.

The final chapter will summarize the key findings and contributions of the research and discuss

potential areas for future research and development based on the findings.



CHAPTER 2
LITERATURE REVIEW

2.1 Fonts

In traditional typesetting the word “Font” was referred to a set of characters with a certain size,
weight and style of a typeface (“Font,” 2024). A typeface can consist of one or more fonts
shearing a common design. Each font has a matched set of pieces containing glyphs for each
character, symbol or numeral. A glyph, which plays a major role in typography, can be defined
as a bound mask of a letter in a script (“Glyph,” 2024). In Indic scripts a set of conjunct
characters can form a single glyph. Although in traditional typesetting font and typeface are
two distinct meanings, in modern typesetting the word font is also used as a synonym for
typeface. In traditional typesetting it required to have separate fonts for different sizes. But in
modern computer fonts the need of having separate fonts for each size is eliminated since
modern computer fonts are scalable to any point size. But separate digital font file for each style

1s needed.

A computer font is a digital file that contains a set of glyphs. These fonts are created using a
font editor like FontForge, FontLab, Fontographer etc. (“Font editor,” 2024). Screen fonts are
special fonts that is designed only for computer screen and not for printing. Computer fonts can

be grouped into 3 main categories.
e Bitmap fonts
e Vector fonts
e Stroke fonts
Digital fonts also contain information on font metrics which includes information on glyph

substitution, kerning pairs, component creation data etc. Common fonts formats include True

Type Fonts, Open Type fonts, Meta fonts and PostScript Typel fonts.
2.1.1 Bitmap Fonts

Bitmap fonts, also known as raster fonts, stores each glyph as an array of pixels. They have a
complete set of glyph images for each variant of the font like font size, weight etc. Despite the
factor that large number of image sets are needed bitmap fonts have advantages like the
rendering speed, ease of creating when compared with other categories, unscaled fonts giving

same output on displays with same specification always etc. bitmap fonts are more suitable for
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small-size or low-quality displays. These fonts also have disadvantages like poor quality when
scaling and dramatic increasing of memory usage when font size changes etc. the limited
hardware support in early computers forced the bitmap fonts to be used exclusively. But later
with the hardware improvements outline or stroke fonts were used rather than bitmap fonts
when scaling is desired. Yet bitmap fonts are still in use in systems like embedded systems
where the simplicity and speed matter the most. Bitmap fonts looks best when displayed at their
native pixel size. Some systems use different techniques to scale bitmap fonts such as nearest-
neighbor resampling (“Nearest-neighbor interpolation,” 2023), anti-aliasing (“Spatial anti-
aliasing,” 2024). These techniques work well for decreasing the font size but not for increasing
the font size since the images are tend to have blur edges. A vector font can be created by
determining the outline for a high-resolution bitmap font using a trace program. The same

technique can be used when generating glyphs for the converted fonts in this project.
2.1.2 Vector Fonts

Vector fonts, also known as outline fonts, are a collection of vector images. They consist of
lines and curves that defines the boundary of glyphs. Because of this unlike bitmap fonts vector
fonts can be scaled to any size without causing any pixelation. But vector fonts require more
processing power and often depend on the font, size and rendering software. Vector fonts use
Bézier curves (“Bézier curve,” 2024) which are hard to render accurately in a raster display.
Rendering them can change the shape of the curve depending on the desired position and size.
To reduce this, methods such as font hinting, a technique that use mathematical instructions to
adjust the display of a vector font lining it up with a rasterized grid (“Font hinting,” 2024), can
be used. Like bitmap fonts used to create vector fonts, vector fonts can also be used for creating
bitmap fonts if necessary. But this transformation is rather harder when converting curves. A
heuristic algorithm is needed to determine and approximate the corresponding curves. This
technique is also useful in this project since vector fonts are needed to be converted to bitmaps
in order to identify the shape as a letter. Examples of outline fonts include: PostScript Type 1

and Type 3 fonts, TrueType fonts, OpenType fonts etc.



2.1.3 Stroke Fonts

In stroke baked fonts outline of a glyph is defined by the vertices of separate stroke paths. These
paths can be defined as a topological skeleton like structure. Because of this the number of
vertices needed to define a glyph reduces greatly and since the same stroke paths can be filled
with different patterns these fonts can generate different sizes and weights or even different
shapes. Editing stroke-based fonts are rather easy and less error prone when compared with
bitmap or vector fonts. These fonts are heavily used on embedded devices specially for east

Asian character sets since they claimed to save a lot of space.
2.1.4 True Type Fonts

Originally developed by Apple Inc and later licensed to Microsoft for free, True type fonts were
introduced to replace Type 1 fonts which were very expensive. Instead of cubic Bézier curves
like in Type 1 fonts true type fonts used quadratic Bézier curves. True type fonts are very
popular because they allowed pixel level manipulation of the font giving font developers a great
degree of control and freedom. However, pixel level control is no longer certain in a true type
font due to rapidly varying rendering technologies in use today (“TrueType,” 2023). Currently
all major operating systems supports this font format. Microsoft introduced smart font
technology in 1994, which was known as True Type Open. it was later developed into Open

Type Fonts.
2.1.5 Open Type Fonts

Built on True type fonts, Open type fonts retains the basic true type font structure while adding
many complex data structures in order to prescribe the typographic behavior. Open type fonts
are very important in non-western writing that have multiple characters or syllables forming a
single glyph. Just as true type currently all major operating systems have rendering engines to
support this font format. Uniscribe by Microsoft for windows operating systems, Pango for
Linux are few examples. The instructions on how glyphs should be rendered are stored in open
type fonts as Open type layout tables. these tables extend the functionality of fonts with either
true type of CFF outlines. Rendering engines use these rules to conjunct multiple glyphs to
create a single glyph or use an alternative glyph. Open type fonts include language information
and other scripts that text processing applications use to adjust their behavior. Open type fonts
are also created using font creating tools. And same or different software can be used to create

the rules needed for the rendering process of the fonts.



2.1.6 Open Type Font rules

The rendering information are stored in Open type tables some commonly used tables for non-

western writing are as follows.

GSUB: contains glyph substitution related information. This information is used in

single, one-to-many, multiple or contextual substitutions

GPOS: contains X, Y positioning information of glyphs to handle adjustments on single

or paired glyphs, cursive or mark attachment and contextual positioning of glyphs.
BASE: contains baseline offsets information on a script-by-script basis.

JSTF: contains information about justification with whitespace and kashida

adjustments.

GDEF: contains information about all the glyphs in the font.
CMAP: character to glyph mapping

Head: font header

Post: PostScript information

Name: naming Table

The Open type layout model is organized around glyphs, scripts, language systems and features.

A Script consist of a set of related characters that used in one or several languages. A font can

be a single or multiple scripts. Scripts are identified by unique 4-byte tags in Open type fonts.

Scripts can then be divided into language systems. For example, both English and French

languages use the Latin script. Providing the information that is tailored to the language system,

script or both is up to the font developer. The basic functionality of a font is defined by features.

These features are often defined by the language itself. Whenever language features are not

available default features will be applied. Features of open type fonts are implemented using

lookup tables.



2.2 Sinhala

Sinhala is an Indo-Aryan language primarily used by the people of Sri Lanka. Being one of the
two official languages in the country Sinhala is spoken by more than 17million people as their
first language, specially by the Sinhalese people and more than 3million people as their second
language. The Sinhala language is considered to originated around 5th century with the
colonists, including prince Vijaya who is said to be the first Sinhalese king, from northern India.
At that time the native tribes in Sri Lanka, known as the Hela tribes, were using a language
called Elu (“Elu,” 2024). The Indian colonists and native tribes were mixed relatively well and
their languages Prakrit (“Prakrit,” 2024) and Elu were also combined and formed the Proto-
Sinhala language over the following hundred years. Proto-Sinhala was used in the period 3rd

century to 7th century. (Aliyar, 2011; “Sinhala language,” 2024)

The Medieval Sinhala period was stemmed from the 7th century to the 12th century. Up to this
point the language had gone through a lot of changes over the time. After 12th century begins
the modern Sinhala period and it is the language that is still in use to this date and has stayed
the same without going through drastic changes for most parts. which means the modern users
of Sinhala language can easily understand texts that was written as far as the 12th century.

(“‘Sinhala language,” 2024)

Since being an island nation Sinhala was isolated from the other various Indo-Aryan languages
that existed in India and the language was developed independently of those languages. Yet
Sinhala language was greatly influenced by Pali language (“Pali,” 2022), which was the sacred
language of Buddhists, and Sanskrit (“Sanskrit,” 2022) for some degree. It was also influenced
and adopted various words and grammatical structures from Dravidian Languages like Tamil
language. With the colonization Sinhala language had also picked up some words from
Portuguese, Dutch and English languages. (“Sinhalese language | Sri Lanka, Indo-Aryan, Pali |

Britannica,” n.d.)

Sinhala language is special for many reasons and one of them is the Diglossia which is not seen
very often in vernaculars. This means the language has two different versions, one version for
everyday use, mainly for speaking and the other one is for formal occasions, mainly for writing.

(“‘Sinhala language,” 2024)



2.2.1 Sinhala Script

Sinhala language consist of its own alphabet and a writing system which is a descendent of
Brahmi script (“Brahmi script,” 2024) and also related to Kadamba script (“Kadamba script,”
2024). Despite being a descendant of Brahmi script, the Sinhala letters have a curved shape
rather than the angular shape of the letters in Brahmi script. The reason for this is said to be the
usage of dried palm leaves for writing in ancient Sri Lanka for centuries. In order to write on
palm leaves the letters were carved in to the palm leaves using metal tools. With the letters with
straight or angular form there was a greater risk of the leaves getting teared apart. With curved
letters however the risk of tearing the leaves were minimized and they were easier to curve thus
the letters in Sinhala script were developed to the curved letters seen in present day. (“Sinhala

script,” 2023; “The Sinhalese language,” n.d.)
2.2.2 Structure

Like a lot of Indian scripts, Sinhala writing system is also a syllabic alphabet which is written
from left to right. When constructing words, a consonant is used as the basic unit. Each
consonant has an inherent vowel, which is a vowel sound used with a basic consonant. In
Sinhala language the vowel & /a/ is used as the inherent vowel. In order to represent deferent
phonemes, the inherent vowel can be changed with other vowel strokes or signs. That can be
used before, after, below or above the base consonant. Whenever a vowel is used as the starting
letter of a word it will be written in its original form. The basic form of the letter n is » since
the inherent vowel is /a/ this can be written as “na”. To create a pure consonant that does not
have a vowel following the consonant, a special marker called “hal kirima” is used. It

suppresses the inherent vowel.

»=na|m+d=s'=n
2.2.3 Signs

Signs are called pili / pillam in Sinhala language. Using these around a consonant can create

different phonemes.

Table 2.1: Signs in Sinhala language

Pilla Name Formation | Compound Form Special Cases
e Hal kirima -~ i~ The common usage
® ®
Whenever the letter is ending at
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top left corner

&lapili deka

- =+ e )
e Zlapilla =+ ao S0
o Adaya =+ ey )

S+ ar d Since the diacritic is used for o;
idiosyncratic form is used to
represent this

2 | Diga @&daya =+ ay ™

S+ ay a Since the diacritic is used for &;
idiosyncratic form is used to
represent this

° Is-pilla =S+ o B
™ | Diga is-pilla =+ 38 B
5 Pa-pilla =+ &) The common usage
() When the letter is ending at the
lower right corner. But not
applicable for letters » and
o7} When vowel /u/ is used with
letter ¢
() When vowel /u/ is used with
letter g
5 Diga pa- s+ o & The common usage
pilla
) When the letter is ending at the
lower right corner. But not
applicable for letters z» and
St When vowel /0/ is used with
letter ¢
(o When vowel /0/ is used with
letter g
< Gatasahita | F+8+ ¢ za
&lapilla
“aa | Geaeta sahita | & + 8+ o aa

11




<o | Gayanukitta o

© Kombuva =+ om

Kombuva =+ S ot

saha

halkirima

Yo Kombu =+ 00 OB

deka

@i Kombuva o+ R ®20
saha

elapilla

e Kombuva =N+ ® oI
saha

halzlapilla

) Kombuva =+ Do 9

saha

gayanukitta

There are also several non-vocalic signs in Sinhala language. They are <:o which is called

anusvara / binduwa and s which is called visarga.
There are some symbols that can be used instead of several consonants.

Table 2.2: Symbols to be used instead of consonants

yanssaya Used instead of the “w” after 8&w@d B0

a pure consonant

rakaransaya | Used instead of the “c” after a OF> fo} Sfs)

pure consonant

répaya Used instead of the “&” before Ale]O) S

a consonant

Unlike in English language signs can be positioned around a character and they can be

categorized as left, right, upper and lower modifiers.

e Left modifiers: ol Ee
¢ Right modifiers: 0 O U Tia Traa tre o {13 15
e Upper modifiers: poo e

e Lower modifiers:

12



2.2.4 Sinhala Alphabet

Due to the changes in the language over time there can be seen several alphabets in Sinhala
language but within all these alphabets the core of the language remains unchanged. Disanayaka
and Coperahewa (Disanayaka, n.d.; Coperahewa, n.d.) both have listed 7 such alphabets in their
books.

e Sidath Sangara hodiya

e Amisra Sinhala hodiya

e Pansal hodiya

e Wadan Kavi hodiya

e Misra Sinhala hodiya

e National Institute of Education alphabet

¢ International Computing Sinhala alphabet / Sinhala Unicode alphabet

Disanayaka has included an additional alphabet named Modern Sinhala alphabet which
removed unused characters in the modern Sinhala language and including several much-needed

letters for writing English words.
2.2.5 Sinhala Unicode

The first version of Unicode, Unicode 1.0, was published in 1991, it did not contain the Sinhala
character set. Sri Lanka submitted a proposal for the Sinhala character code at the Unicode
working group meeting in Crete, Greece in 1997. There were other proposals from UK, Ireland
and USA. Finally, it was accepted over the other competing proposals with slight modifications
and ratified at the meeting of the working group held at Seattle, USA in 1998. The Sinhala code
chart was included with Unicode 3.0 which was released in September 1999. It contained 80
characters for Sinhala script. The SLS 1134 was also revised accordingly in 2001. (Nandasara
et al., 2003)

There were several slight modifications for Sinhala in the following versions.
e Unicode 7.0 — Sinhala Archaic Numbers were added.

e Unicode 13.0 — Including character used in Sinhala to write Sanskrit for additional
support for lesser-used languages and scholarly work.
The allocated range for Sinhala in Unicode code table is 0D80-0DFF.
13
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Figure 2.1: Sinhala Unicode character encoding
Source: (“The Unicode Standard, Version 15.1,” n.d.)
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The focus of this thesis is on this Sinhala alphabet accepted by the International Standards
Organization (ISO). Out of the 80 characters. This alphabet consists of 61 letters. Out of these
18 were vowels and the other 43 were consonants. The specialty of this alphabet is that the

consonant e being included which was not available with any other Sinhala alphabet.

Unicode standard only addresses the encoding and semantics of text. Any other action is
addressed by the text processing software. And the text rendering is handled by the hardware
or software rendering engine. Unicode standard does not define how glyphs are rendered it only

defines how characters are interpreted.

Hence the 18 signs with another special symbol “kundaliya” are included thus making 80

characters altogether.
2.3 Anatomy of Sinhala Typeface

When classifying Sinhala letters Disanayaka has shown that Sinhala letters can be classified
under several criteria (Disanayaka, 2006). One such criteria is the starting and ending
components of letters. He classifies them into 2 main groups.

e Starting letter components (aarambaka aksharanga)

¢ Ending letter components (samapthika aksharanga)
The starting letter components are then divided to 10 variations.

oe8uT OO

2
)

DHUZ DO DDHOD )

Figure 2.2: Starting letter components
Source: (Disanayaka, 2006)
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The ending letter components are also divided to 10 variations.

o) )

SESUD DO0BG

K /

SIS OO

) >

~

SLoUO) DS

_(_, ~

—/ O

SHOOD OO CEOB VOO

d P

Figure 2.3: Ending letter components
Source: (Disanayaka, 2006)

Another way of classifying Sinhala letters suggested by both Ariya Wikrama and Disanayaka
is according to the height of the letters. Despite the usage of different names, the idea seems to
be the same. Which, classifies letters into 3 main groups

e Base letters

e Ascending letters

e Descending letters

Disanayaka’s classification was based on 4 parallel rows. These rows were called Top line (udu
pela), Intermediate line (athuru pela), Middle line (meda pela) and Bottom line (yati pela) as

shown in figure 2.4.
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Figure 2.4: Letter classifications
Source: (Coperahewa, n.d.)

2.3.1 Five reference Lines

With the aim of improving handwriting of school children and as a guide for school teachers
National education commission published a guide book named “A Guide to Write Sinhala
Letters” (Sinhala Akuru liveema sandaha margopadesha) in 2005. It proposed that it is suitable
to construct the Sinhala letters within five parallel lines. This was recommended for the 1st

grade students since 2016. (Coperahewa, n.d.)

Due to the nature of the Sinhala letters these 5 lines are not of the same height. All base letters
are written in between lines 2 and 4. The ascending letters are written between line 1 and 4
while the descending letters are written in between line 2 and 5. If we take a base letter The
main part, which is usually the part that take the most proportion of a letter is written in between
lines 3 and 4. While the part containing the eye is written in between line 2 and 3. If we divide
the total distance between line 1 and line 5 in to 8 equal portions, then, the distance between
each line can be considered as 2 portions between line 1-2, 1 portion between line 2-3, 3 portions

between line 3-4, 2 portions between line 4-5.
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The division of guidelines .
Ascending letters (arohana akshara)

Base letters (madya akshara)
Descending letter (avarohana akshara)

- top lines 11

ra

intermediate lines

w

3.1

- middle lines 32

.

R R E

- bottom lines 4.1

Figure 2.5: The five letter guidelines of the NIE publication
Source: (Samarawickrama, 2017)

There are several other guidelines that were suggested such as six reference lines, four reference
lines and Circular Grid. Samarawickrama discuss about these guidelines in detail in her research
paper “The Anatomy and Historical Development of Sinhala Typefaces”. (Samarawickrama,

2017)
2.3.2 The Anatomy and Historical Development of Sinhala Typefaces

In this paper Samarawickrama done an analysis of the visual appearance of Sinhala letters and
group them into 2 tables. The first table is based on the construction of the letter which is shown
in figure 2.6 and the second table is based on the circular nature of Sinhala letters as ascender,

descender or base characters. This is shown in figure 2.7.

Construction Horizontal Viertical
Two-storied Cja 253 C.D @ @O @ ti’ Q q
=) & D D O

A GO O

Open ™
- %) o & 22D D
OO O

Medium Wide Gﬁa @ &0 (9 &?J a @' a a a
DDHDLDOLADOD)GP
& © & O

- - 56¢¢

Figure 2.6: Visual similarities on the structural formation of Sinhala letter by
Samarawickrama
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Base Shape
Gatagory 01 O B & ™8 o 8
& &8
Ga:agorvﬁ@@ ® M ® |6 M &RGlp o o e o)
B ®
RS ® 900 ®8&d |28 &
0 8 & O
Qo 8B
catagnryﬂ-i@ & 9 & &€ |& @ &
Ca:agcryﬂé@ i‘.ﬂ@;

Figure 2.7: The circular nature of the Sinhala letters as: ascender, descender and base
characters by Samarawickrama

Samarawickrama’s research addresses the scarcity of studies and observations concerning the
morphological characteristics of Sinhala typefaces. It encompasses a broad scope, ranging from
the identification and categorization and terming of visual attributes of Sinhala letters to the
proposal of a grid for developing novel Sinhala typeface designs. Consequently, it emerges as

a seminal contribution to the field of Sinhala typography research.

P s
dased eye intersected joint , T ESE) MM e B
knotted eye combined conjoine €00 ) TOC
eye with harizontal Shoulder joint
e joint L curveto ourve joint -3
reflected eyes P meck odnt

A omd ome md =1
Diagonal stroke [sNsReRwi- VR boak
acending stroke OE Al B e ) e e e expanded curve hook

TN B AN l
Ascendingend loap () ) B PP polnted nose Ea el By

o ma o B oy mel el mes | men e

hase strake "[ AR L AR (e e Ko AW R W ol o bump ol

ey B % ma R

lmat FopE e e

A ome emm | g ey
Base laop e & el & & spiral £

oo momEm omom g P S
Desending stroke < T elevated circle & En &3
herizantal stroke

Figure 2.8: Names given for distinct visual properties identified by Samarawickrama
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2.4 Sinhala Font Levels

Sinhala fonts come in three standardized levels, each offering varying degrees of support. Level
1 fonts provide fundamental Sinhala characters, while higher levels incorporate more advanced

features and functionalities.

e Level 1: These fonts typically cover basic Sinhala characters and are suitable for general
text purposes. Level 1 fonts are designed to support the fundamental Sinhala character

set without complex ligatures or special characters.

e Level 2: these fonts offer more advanced features compared to Level 1 fonts. They may
include additional ligatures, conjunct characters, and diacritics, providing better support

for complex writing styles and typographical requirements.

e Level 3: These are the most comprehensive and advanced fonts. They cover the full
range of Sinhala characters, including rare or archaic glyphs, stylistic alternates, and
specialized symbols. Level 3 fonts are typically used for specialized purposes such as

typography, publishing, or academic research.

Each level builds upon the previous one, offering greater support for different writing styles,
linguistic nuances, and typographical requirements. The choice of font level depends on the
specific needs of the project or application. In this research we will be focusing on creating a
font that meets Level 2 requirements. But we will include all the special letters and letters and
all combinations of strokes with conjuncts which supposed to be included in Level 3 fonts. but

we will not include the touching letters and conjunct letters in this research.
2.5 Creating Sinhala Unicode Fonts

The ICTA has undertaken significant efforts for the betterment of Sinhala Unicode.
Recognizing the shortage of local font developers, ICTA proactively addressed this issue by
disseminating font rules for Bhashitha and Sri Tamil to local font developers, facilitating the
font creation process. Additionally, various font development programs were conducted to
enhance awareness among developers, focusing on both technical aspects, such as font rules,

and design principles.

A notable initiative in this regard was the font development camp organized in collaboration
with the University of Colombo School of Computing (UCSC) in 2009. Subsequently, a
comprehensive guide titled “Guide to Create Sinhala and Tamil Unicode Fonts” was published

in 2010, compiling the proceedings of the training program. This publication aimed to support
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local font developers in crafting high-quality, standards-based Sinhala fonts. (Wijayawardhana

and Goonetilleke, 2010)

Creation of a Unicode compliant font involves few steps,

Glyph Design: The glyphs that needs to be included in the font should be designed
digitally using a software like Adobe illustrator, Glyphs, Corel Draw.

Glyph Encoding: Using a software like FontForge, Font Lab the font developer should
map the designed glyphs with the relevant code points.

Implementing Substitution Rules: when displaying a glyph, it may have special
behaviors that are established in the language. And sometimes the positions of glyphs
might need to be slightly be changed with the glyph around it. Ancher points are used
here. The rules relevant to these characteristics should be defined. The substitution rules

of several Sinhala Unicode will be discussed later in this chapter.

Testing: After creating the font, it needs to be thoroughly tested to ensure that all glyphs
display correctly and that there are no issues with spacing, kerning, or rendering. Testing
should be done on different operating systems, devices, and applications to ensure

compatibility.

Refinement: Based on testing feedback, font developer may need to refine the font by
adjusting glyphs, kerning pairs, or hinting instructions to improve its appearance and

readability.

Distribution: Once the font is finalized, it can be distributed to users.

Samarawickrama states a concerning trend of existing typefaces being derived from one

another, lacking originality. This was also proven when gathering fonts for our research, out of

1777 examined founts which were downloaded online, 1215 fonts were found to be duplicates

when compared by meta data, while the remaining 562 fonts showed significant similarities or

minor modifications, with some even containing unused glyphs from other fonts.

Samarawickrama explains that this practice of replicating existing fonts was primarily

motivated by the demand for Sinhala type within a rapidly evolving technical landscape, further

facilitated by the absence of copyright laws specifically applicable to type designs. This practice

seems to be developed due to the following reasons,

21



e (Good reference point: A Sinhala font can contain a large number of glyphs with at least
a minimum of 200 glyphs. So being able to visually see and easily identify which glyphs

needs to be replaced makes the process easy for the developer.

e No need to redefine rules: Sinhala Unicode fonts have a large number of substitution
rules if it were to define them manually it would take an extreme amount of time. So, it
makes sense to use existing rules and abiding to them rather than defining them

manually.

e Saves time: this practice reduces a significant amount of time that a font developer

spends in steps 2 and 3 when developing a font.
2.6 Analysis of Sinhala Legacy Fonts

The legacy Sinhala fonts are based on the extended ASCII which is the 8-bit variant of ASCIL.
The 7-bit ASCII was not enough to cater the needs of Sinhala script, much like other Asian
scripts, because it only supported 128 code points. However, the 256 codepoints in extended

ASCII were manageable in crating Sinhala fonts for day-to-day usage.

When we examine legacy fonts, we come across 2 font types, “FM fonts” and “DL fonts”. They

refer to different font technologies used for rendering Sinhala script on digital platforms

FM Fonts (Fixed Width Fonts): These fonts have a fixed width for each character, meaning
each character occupies the same amount of horizontal space regardless of its actual width. FM
fonts are commonly used in text files where aligning characters vertically is important.
However, they are less commonly used for general Sinhala text rendering due to their less

aesthetic appearance.

DL Fonts (Dynamic Layout Fonts): These, on the other hand, employ dynamic layout
techniques to adjust the width of characters based on their shape and context within a word.
This results in a more visually appealing and natural rendering of Sinhala text, as characters
can adjust their width to fit together more harmoniously. DL fonts are preferred for general text
rendering, especially in digital publishing and web environments where aesthetic appeal is

important.

When examined fonts from both these types the and several observations were made. For fonts
of FM type, all these fonts seem to have 221 code points without considering the empty glyphs.
these fonts usually have more than 20 empty glyphs. Apart from the empty glyphs these fonts

consist of 6 glyphs for roman letters 7 glyphs containing symbols and the rest containing either
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letters numbers, punctuation marks or pillam. The similarity between all these fonts might be
due to the fact that the same person, Mr. Pushpananda Ekanayaka who is one of the most

influential people in Sinhala typography field, designed all these fonts.

For Fonts of DL Type, the number of glyphs differ in each font but the codepoints and
corresponding glyph are the same, even though the font developer is different, in all these fonts.
If we compare a FM and DL font, in some cases, the glyph for the same code point is different
between a FM and a DL font. Which is denoted in figure 2.9 comparing a set of glyphs from
FM-Bindumathi and DL-Araliya fonts.

e Fonts analyzed for FM Type: FM-Bindumathi, FM-Abhaya, FM-Derana, FM-Malithi

e Fonts analyzed for DL Type: DL-Araliya, DL-Champika, DL-Divani, DL-Manel
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Figure 2.9: Different glyphs for the same codepoint in FM and DL fonts

These fonts don’t contain any substitute rules or anchor points. both GSUB and GPOS tables
are empty. This was a common characteristic of the legacy Sinhala fonts. When typing with
these fonts a special input method editor (IME) was needed. Keyrep, Keyman, Sinhala Tamil

IME were famous software which facilitate this.

But this on the other hand is proof that the glyphs on these fonts were enough for regular Sinhala

usage. And supports the decision to base the research on analyzing Sinhala legacy fonts.
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2.7 Analysis of Sinhala Unicode Fonts

In order to analyze Sinhala Unicode fonts, we would take Bhashithal, BhashitaComplex
developed by Information & Communication of Technology Agency of Sri Lanka (ICTA) and
IskolaPota developed by Microsoft.

Table 2.3: Comparison of Sinhala Unicode fonts

Bhashithal BhashitaComplex IskolaPota
Glyph Count 277 1117 828
File Size 250 KB (256,228 | 1.09 MB (1,150,128 | 525 KB (538,564
bytes) bytes) bytes)
Anchor Points Yes Yes (but not on main | Yes (only on 25CC
glyphs) (Dotted Circle))
GSUB 70 Lookups 70 Lookups 9 Lookups
GPOS 35 Anchor Classes 5 Anchor Classes 3 Anchor Classes

Bhashithal is the font with the lowest number of glyph count but it utilizes the existing glyphs
to successfully create new glyphs thanks to the large number of anchor-points it has. An anchor
point is a reference point used to define the position of certain elements within a glyph. Here,

they are used to align the pillam on each letter without disturbing the visual appearance.

However, in both BhashitaComplex and IskolaPota the usage of anchor points is reduced. This
was done by using separate glyphs for each variant of a letter with pillam. Thus, increasing the
glyph count in the font but reducing the number of anchor classes needed. In iskola pota the
only anchor class used is for the dotted circle which will be displayed if a “pillama” was typed

without a base letter.

Instead, the use of glyph substitution rules was used. whenever the key combination is given
the multiple glyphs will be replaced by a single glyph which is visually more accurate. Even
though IskolaPota has 9 lookup tables in GSUB the sub tables for each lookup contains more

than the number of rules in Bhashitha fonts.
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2.8 Font Generation Using Python and FontForge

In 2021, Aiden Catbagan, a youtuber and a developer came across Kakuji (=) which is a
style of characters used for creating seals which became popular during the Edo era in Japan.
Aiden resolved to create a proper Kakuji font. Despite lacking prior experience in font creation,
Aiden recognized that manually crafting the glyphs, which consist of blocks, would be

extremely time-consuming. Consequently, he turned to Font Forge’s Python scripting feature

1 S ey

for assistance.

= =

Figure 2.10: Kakuji characters
Source: (“Edomoji,” 2023)

Aiden's approach to crafting the Kakuji font was straightforward. He intended to design the
glyphs in Photoshop, selecting a standard set of 200 glyphs to be created and saved in PNG
format. These images would then undergo analysis using Python, wherein each pixel would be
examined to distinguish between the black and white sections, ultimately forming the basis for
generating and incorporating glyphs into the font file through FontForge’s Python scripting
capabilities. The resulting font file would be exportable in TrueType format, suitable for regular

usage as a conventional font.

Aiden’s vision for the Kakuji font extended beyond its initial scope. Recognizing its intended
purpose for seals, he expanded its repertoire to encompass additional glyphs, such as Japanese
family names and diverse characters like zodiac signs. Furthermore, he introduced another font
variant, New Kakuji Bold, which offered an inverse style to the original font. Aiden’s
comprehensive approach also incorporated English letters and common punctuation marks.
This extensive collection culminated in the creation of a commercially available font package

known as New Kakuji.
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Figure 2.11: New Kakuji
Source: (“New Kakuji Font | Webfont & Desktop | MyFonts,” n.d.)
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Figure 2.12: New Kakuji Bold
Source: (“New Kakuji Font | Webfont & Desktop | MyFonts,” n.d.)

Aiden’s comments on his work were, “I’m not a designer. I’'m a programmer who also owns
Photoshop. Without FontForge’s scripting tools I would not have been able to design this font
at all.” This statement underscores the potency of FontForge’s scripting tools in enabling font
creation, particularly for individuals like Aiden who possess programming skills rather than
traditional design expertise. It emphasizes that with access to the necessary glyphs, FontForge’s

scripting capabilities can effectively handle the font creation process.
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2.9 Conclusion

The development of the New Kakuji Font underscores the potential for streamlining the font
generation process when approached with careful design considerations. By leveraging
FontForge’s Python scripting tools to simplify steps 2 and 3 of the font creation process, our
focus can shift towards optimizing glyph creation. This involves utilizing existing glyphs to
generate additional ones, thereby reducing the number of glyphs that require manual design.
While we won’t be implementing Samarawickrama’s proposed grid, the insights gleaned from
her research, along with contributions from other scholars in the field, will be used extensively

in this research.
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CHAPTER 3
METHODOLOGY

In this research, an analysis of glyphs in various legacy fonts was conducted. A dataset
comprising 1,777 Sinhala fonts sourced from the internet was initially acquired. Subsequently,
a pruning process was initiated using a Python script in conjunction with FontForge, aimed at
identifying and eliminating duplicate fonts and corrupted files. Following this process, 562
fonts remained in the dataset. The glyphs from these fonts were then extracted in Portable
Network Graphics (png) format. After pruning, any non-Sinhala fonts were excluded, resulting

in a final dataset of 475 valid Sinhala legacy fonts.

The next step involved grouping the extracted glyphs, utilizing relevant Unicode codepoint
names for future ease of reference. A total of 588 glyphs were identified, including punctuation
marks and numbers, while 204 Latin glyphs were deemed outside the scope of this research and

subsequently excluded.

Table 3.1: Glyph naming

) ) 0D9A 0D9A

i~ =+ 3 0D9A + 0DCA 0D9AODCA

B ®»+ 0 0D9A + 0DD2 0D9A0ODD2

B »+ 0 0D9A + 0DD3 0D9A0ODD3

= ® + & 0D9A + 0DD4 0D9A0ODD4

) ®» + & 0D9A + 0DD6 0D9A0ODD6

B »+dc+ o 0DYA + 0DD2 + rakaranshaya 0D9A0ODD2.rakar
B »+dc+ o O0DYA + 0DD3 + rakaranshaya 0D9AODD3.rakar

The third step involved identifying which glyphs were available in the dataset of Sinhala fonts
and determining the percentage of fonts containing each glyph. Glyphs that were present in
over 75% of the fonts were listed along with their corresponding Unicode codepoints.
Additionally, glyphs that exist in the Sinhala Unicode standard, regardless of their availability

in the dataset, were included as shown in Table 3.2.
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Table 3.2: Glyph availability in legacy fonts

.0DD4 95.79831932773 OD9F 95.79831932773
.0DD6 96.00840336134 O0DAO 97.26890756302
.notdef 99.36974789915 0DA1 98.94957983193
0020 100.4201680672 O0DA2 99.57983193277
0025 96.00840336134 O0DA4 97.89915966386
0028 96.84873949579 0DAS5 96.84873949579
0029 99.36974789915 ODA7 97.89915966386
002C 100.0 O0DA70DCA 96.21848739495
002D 97.68907563025 0DAS 99.15966386554
002E 99.78991596638 0DA9 97.68907563025
0030 96.84873949579 ODAA 97.26890756302
0031 96.63865546218 0DAB 100.0

0032 100.0 ODAC 96.21848739495
0033 100.0 ODAD 99.36974789915
0034 100.0 O0DAE 99.57983193277
0035 100.0 ODAF 98.94957983193
0036 100.0 0DBO 98.73949579831
0037 100.0 0DB00DD2 96.21848739495
0038 100.0 0DB1 97.68907563025
0039 100.0 0DB3 96.00840336134
003A 95.16806722689 0DB4 97.68907563025
003F 99.36974789915 0DBS5 98.73949579831
0D85 100.0 0DB6 99.36974789915
0D8&9 100.0 0DB60DCA 95.58823529411
0DSA 99.36974789915 0DB7 98.10924369747
0D8B 100.0 0DB8 100.0

0D91 98.94957983193 0DB9 97.47899159663
0D9%4 100.0 0DB90DD2 95.79831932773
0D95 96.00840336134 ODBA 100.0

0D9A 97.26890756302 ODBB 100.0

0D9B 99.36974789915 ODBBODD1 05.58823529411
0D9C 99.36974789915 O0DBD 100.0

0D9D 97.89915966386 0DBDO0DD4 96.84873949579
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0DBDODD6 96.63865546218 0DA10DD2 93.27731092436
0DCO 99.78991596638 O0DA10DD3 90.54621848739
0DCOODCA 96.00840336134 0DA20DCA 94.74789915966
0DCl1 99.57983193277 0DA20DD2 92.22689075630
0DC2 97.26890756302 0DA20DD3 90.54621848739
0DC3 99.15966386554 0DA70DD2 93.48739495798
0DC4 99.57983193277 0DA70DD3 94.32773109243
0DC5 98.31932773109 O0DA90DCA 93.90756302521
0DC50DD4 97.05882352941 0DA90DD2 93.27731092436
0DC6 99.57983193277 0DA90DD3 92.64705882352
0DCA 05.58823529411 ODAD.half 93.48739495798
0DCF 97.89915966386 ODAF .rakar 91.59663865546
0DDO 100.0 O0DAFODD2 93.27731092436
0DDI1 98.52941176470 ODAFO0DD3 92.85714285714
0DD2 05.58823529411 ODAF0DD4 93.27731092436
0DD3 96.00840336134 ODAFODD6 93.27731092436
0DD4 96.00840336134 0DBOODCA 94.32773109243
0DD6 95.16806722689 0DB00DD3 94.95798319327
0DD8 99.57983193277 ODB1.half 93.48739495798
0DD9 100.0 0DB30DD2 90.96638655462
O0DDF 100.0 0DB30DD3 91.17647058823
yanssaya 98.10924369747 0DB30DD4 91.38655462184
002B 92.64705882352 0DB30DD6 91.80672268907
002F 92.85714285714 0DB60DD2 94.32773109243
003D 92.85714285714 0DB60DD3 92.85714285714
0D82 92.64705882352 0DB8ODCA 94.32773109243
0D8D 91.80672268907 0DB80DD2 94.53781512605
ODO9A .half 93.69747899159 0DB80DD3 94.53781512605
0D9BODCA 93.06722689075 0DB90DCA 94.32773109243
0D9B0ODD2 94.32773109243 0DB90DD3 94.32773109243
0D9B0DD3 93.27731092436 ODBBODCA 90.33613445378
0DAOODCA 91.59663865546 0DBB0ODDO 94.32773109243
0DA00ODD2 92.22689075630 0DBB0ODD2 93.06722689075
0DA00ODD3 91.38655462184 0DBB0ODD3 91.38655462184
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0DC00DD2 94.32773109243 00F7 80.67226890756
0DCO00DD3 94.32773109243 0D9AODCA200D0DC2 | 80.46218487394
rakar 94.53781512605 0D9E 82.98319327731
repaya 94.74789915966 O0D9EODCA 78.57142857142
0021 86.13445378151 0DA80ODD2 78.36134453781
0D8&3 89.91596638655 0DASODD3 77.52100840336
0DA10DCA 89.49579831932 0DAAODD2 75.42016806722
O0DACODCA 86.34453781512 ODAF.yansaya 84.45378151260
0DACODD2 89.49579831932 O0DAFODDS 76.05042016806
0DACODD3 88.86554621848 0DB30DDO0 82.77310924369
0DAEODD2 86.34453781512 ODBA .reph 77.52100840336
0DAEODD3 86.34453781512 201D 80.25210084033
0DAFODDO 87.60504201680 O0D8F 10.50420168067
003B 81.09243697478 0D90 7.983193277310
005D 76.47058823529 O0DA3 14.07563025210
00D7 75.21008403361 0DAG6 0.0

We observe that certain letters, such as “kandaja naasikya” & (82.9%), “keti eru” esa (91.8%),
“visargaya” o (92.6%), and “anuswaraya” i (89.9%), exhibit relatively lower presence rates
within the dataset. Additionally, several glyphs are conspicuously absent from the majority of
fonts analyzed. For example, “keti elu” e and “diga elu” eso are present in only a few fonts,
with a mere 10% frequency, likely reflecting their lack of usage in contemporary Sinhala
(Disanayaka, 2006; Coperahewa, n.d.). Similarly, “sanyaka ja” < doesn’t appear in legacy
fonts. However, it’s worth noting that many legacy fonts feature a special glyph, known as the
“knot of the eye”, used to form sanyaka letters by combining it with another glyph. Thus, the
presence of “sanyaka ja” e can be achieved through the combination of the knot of the eye and
“alpapraana ja” ¢. “Mahapraana ja” =2 also exhibits a usage percentage of 14%. Furthermore,
given that the majority of legacy fonts include a glyph for the half ka (0D9A half) with a
frequency of 93.67%, forming this glyph through the combination of two glyphs is relatively

straightforward.
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3.1 Glyph Classification and Analysis

After identifying the most frequently used glyphs in legacy fonts, the next step is to group them
for further analysis. We propose six distinct groups. These groups aim to streamline the analysis
process and facilitate a deeper understanding of the glyph distribution within the dataset. The

proposed groups are as follows:
e Sinhala Base Letters
e Signs (Pillam)
e Sinhala Sub Letters
e Numbers

e Punctuations

English Letters

While our primary focus remains only on the analysis and grouping of Sinhala glyphs within
legacy fonts. Yet, it’s essential to acknowledge the necessity of including English letters in

Unicode compliant fonts due to their role in facilitating multilingual communication.
3.1.1 Sinhala Base Letters

The base letters can be grouped into 8 groups depending on their visual similarities. Contrast
to the groupings of samarawickrama, our goal is to make these groups generic as much as

possible.
e Type 1: © shaped glyphs (ascending glyphs)

e Type 2: & shaped glyphs (base glyphs which starts from Intermediate line and ends in

Intermediate line

e Type 3: » shaped glyphs (base glyphs which starts from Intermediate line and ends in
middle line)

e Type 4: ¢ shaped glyphs (base glyphs which starts from Intermediate line and ends in

bottom line)
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e Type 5: » shaped glyphs (base glyphs which starts from Intermediate line and ends in
middle line)

e Type 6: ¢ shaped glyphs
e Type 7: Glyphs that doesn’t fall under previous groups
e Type 8: Conjunct glyphs

Table 3.3: The eight types of Sinhala base letters

Type 1 | OD9E, 0D91, 0D94, 0DAO, 0DA7, ODAS, | ®, 8, ®, 0, 0, 0, &, &, O, @, ©, ®, ®,
0DA9, 0ODAA, 0DAE, 0DBO0, 0DBS5, 0DBS, | 9,8, ®, &, &

0DB9, 0DCO, 0D9B, O0DB6, ODAC,
0DC50DD4

Type 2 | 0D9D, 0DA1, 0DA2, 0DB4, 0ODBA, 0DC2, | ¢, &, &, @, @, &, &, &, &, &9, e
0DC3, 0D8F, 0DAG6, 0D90, 0D8D

Type 3 | 0D9C, OD9YF, 0DB7, 0DC1, 0DC4 ®, ®, B, @, D
Type 4 | ODAF, 0DB3 ¢, €

Type 5 | 0D9A, 0ODAD, 0DB1 ), B, 2
Type 6 | 0DBB, 0DSA g,8

Type 7 | 0D8B, 0D8S5, 0D89, 0DAB, 0DBD, 0DCS, | ¢, &, @, €, G, €, ™, o, it
0DC6, 0D82, 0D83

Type 8 | 0DA3, 0DA4, 0DAS =), %, &

3.1.1.1 Type 1 Analysis
On the initial analysis we learnt that the glyphs in type 1 can further categorized into 3 sets.

Table 3.4: Sub sets of Sinhala base letters Type 1
Set 1 0D9E, 0D91, 0D94, 0DAO, ODA7, 0DAS, 0DA9, | Start in intermediate line
0DAA, 0DAE, 0DB0, 0DBS5, 0DB8, 0DB9, 0DCO0

Set2 | OD9B, 0DB6 Start in middle line
Set3 | 0ODAC, 0DC50DD4 Can be derived from glyphs in
Set 1
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Type 1 —Set 1

Through many trails and errors, we identified by separating the glyph 1/3 of its total height
horizontally from the bottom would successfully divide the glyph into 3 distinct parts. These
parts are named as Bottom, Top Left and Top Right. However, a straight horizontal line would
not clearly separate the bottom and top parts. In some situations, depending on the design of
the glyph. Some parts that should belong to the top would come to bottom or some parts that
should belong to the bottom would come to top part. In these cases, our algorithm would
successfully distinguish the parts using connected components and allocate them in the

necessary sections.

= ( + +Y>\

\AJ

Figure 3.1: How glyph 0DAB is divided

Subsequently, each of the parts in a section is compared with all the glyphs of the same font.
And the similarity will be calculated as a percentage. Also, a visual representation of the

comparison would be given as shown in figure 3.2 and 3.3

Figure 3.2: 0D9E compared with 0DAO
(similarity: 66.04166667%)

Figure 3.3: 0D9E compared with 0DA9
(similarity: 97.91666667%)
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Here we would categorize for each combination how many of the fonts had a similarity

percentage in following ranges.
e Above 95
e 90-95
e 85-90
o 80-85
e 75-80
e Below 75

Depending on these values, the rules for which part of glyph can substitute other glyphs will be

formed. The findings of this set are as following.
Bottom:
e Single curve (C1S1): 0D91, 0DAO, 0DA7, ODAE, 0DBS5, 0DBS, 0DCO
e Double curve (C1S2): 0D94, 0D9E, 0DAS, 0DA9, 0DAA, 0DBO0
e Double curve with hump (C1S3): 0DB9
Top Left:
e Noeye (C2S1): 0DAS, 0ODAE, 0DBO, 0DA7
e Round eye (C2S2): 0D9E
e Eye (C2S3): 0DBS5, 0DCO
e Eye with horizontal line (C254): 0D91, 0DAO, 0DA9, 0DAA
e Eye with hook 1 (C2S5): 0D94, 0DB9

e Eye with hook 2 (C2S5): 0DBS§

35



Even though all 0D94, DB9, 0DBS have eye with hook, 0DB8 “ma” ® has a longer hook, in
some fonts, when compared to 0DB9 “mba” ® and 0D94 “0” ® because both these glyphs have
double curve while 0DBS8 has more space below the eye. We will consider 0D94, 0DB9, 0DBS8
belongs to same class “Eye with hook™ (C2S5) for this research.

Top Right:

e Ascending stroke (C3S1): 0D94, 0DIE, 0DAO, 0DA7, 0DA9, 0DBO, 0DBS8, 0DB9,
0DCO

e Ascending end loop (C3S2): 0D91, ODAS, 0DAA, 0DAE, 0DB5
The glyphs in type 1 set 1 can be expressed using relevant parts as:

e (0D91=CI1S1+C2S4 + C3S2

e (0DAO=CIS1+C254 + C3S1

e O0DA7=CIS1+C2S1 +C3S1

e ODAE=CI1S1+C2S1+C3S82

e (ODB5=CI1S1+C2S3 +C3S2

e (0DB8=CI1S1+ C2S5+ C3S1

e (0DCO=C1S1+C2S3 +(C3S81

e (0D9%4 =CI1S2+ C2S5+ C3S1

e (OD9E =CI1S2 + C282 + C3S1

e (ODA8=CI1S2+C2S1+C3S2

e (0DA9=CI1S2+C2S4 + C3S1

e ODAA=CI1S2+C2S4 +C3S2

e (0DB0O=C1S2+ C2S1+ C3S1

e 0DB9=CIS3 + C2S5 + C3S1
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Among these glyphs 0DAO, 0DA7, ODAE, 0DBS8, 0DCO0, 0D94, 0D9E, 0DAS, 0DA9, 0DBO,
ODBY can be considered as the candidates for determining the minimum number of glyphs
needed to be created for this set. since these are the glyphs that has a lesser chance of having
interactions with top left and right sides. the glyphs ending with a loop has a tendency to touch
the right-side eye.

6 glyphs were identified as the minimum glyph count which needs to create all 14 glyphs in
type 1 set 1 by the algorithm. And 4 different glyphs sets are suggested

Table 3.5: Different ways of glyphs to be designed for Type 1-Set 1

Code | Class Glyph Code | Class Glyph
0DCO | C1S1, C2S3, C3S1 ) OD9E | C1S2, C2S2, C3S1 e
0D94 | C1S2, C2S5 ® ODAS8 | C2S1, C3S2 W
OD9E | C2S2 & O0DA9 | C2S4 &
ODAS8 | C2S1, C3S2 @ 0DB9 | C1S3, C2S5 ®
0DA9 | C2S4 & ODAO | C1S1 ®
0DBY9 | C1S3 ® 0DCO | C2S3 ®
Code | Class Glyph Code | Class Glyph
ODAS8 | C1S2, C2S1, C3S2 & 0DBO | C1S2, C2S1, C3S1 Q
0DA9 | C254, C3S1 & 0DB9 | C1S3, C2S5 ®
0DBY | C1S3, C2S5 ® ODAO | C1S1, C254 ®
0DAO | C1S1 ® ODAE | C3S2 o
0DCO | C2S3 ) 0DCO | C2S3 ®
OD9E | C2S2 & OD9E | C2S2 8
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Type 1-Set 2

This set only contains 2 glyphs 0DB6 “ba” @ and 0D9B “kha” &. at the first glance it seems
that we can split the glyph vertically into 2 parts. But with our initial analysis of the glyph, we
came to the conclusion that finding the exact place to split the glyphs vertically is a challenge
so a decision was made to split the glyph horizontally into 2 parts like we did in Set 1. This
resulted in 2 sections Bottom and Top. As same as for type 1 the split position was 1/3 of the

total height of the glyph from bottom.

Q- )

Figure 3.4: How glyph 0DB6 is divided

Since there are only 2 glyphs only a single set was generated and the it is obvious that the

bottom part is not substitutable while the top part is substitutable.

M

Figure 3.5: 0D9B compared with 0DB6
(Similarity: 94.66230937%)

"

Figure 3.6: 0D9B compared with 0DB6
(Similarity: 98.08306709%)
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Type 1-Set 3

This set also contains only 2 glyphs 0DAC “nndda” @ and 0DC50DD4 “lu” & unlike in previous
situations the glyphs can be substitute by 2 glyphs in the set 1 completely while only remaining
a minor change to be done. 0DC50DD4 & is however little different since some fonts have a

different style for this letter

Figure 3.7: Different styles of glyph “e&”
Fonts: FM-Bindumathi and DL-Ridhma

ODAC can be substitute by 0DA9 and 0DC50DD4 can be substitute by 0DBS5. we suggest the
usage of existing glyph and adding a knot to generate the glyphs in set 3. However, the use of
Bottom and Top Left portions of relevant glyphs and let the user decide how the eye is to be

designed is also considered valid.

E)-W+ ™

Figure 3.8: 0ODAC with bottom and top right parts removed using 0DA9

QI F

Figure 3.9: 0DC50DD4 with bottom and top right parts removed using 0DBS5
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3.1.1.2 Type 2 analysis
On the initial analysis we learnt that the glyphs in type 2 can further categorized into 3 sets.

Table 3.6: Sub sets of Sinhala base letters Type 2
Set1 | 0D9D, ODA1, 0DA2, 0DB4,
0DBA, 0DC2, 0DC3

Set2 | OD8F, 0DA6 Can be derived from glyphs in Set 1
Set3 | 0D90, 0D8D Can be derived from glyphs in Set 1, 2 and pillam
Type 2 — Set 1

These characters fall in between lines 2 and 4 in 5 reference lines hence the ideal position for
horizontally splitting the glyph would be % of the height of the glyph. But doing so sometimes
would not correctly split the glyph. Hence splitting at '2 of the glyph height is chosen for this
set. The glyphs will be split into 3 sections. Bottom, Top Left and Top Right. The splitting
algorithm will identify and allocate if either of parts belong to top or bottom is split incorrectly.
The eyes of top left and right parts being stick to together can be seen commonly in this glyph
set. The algorithm is designed find the lowest position in the middle of the eyes and split

vertically from there.

@3=P+w+q

Figure 3.10: How glyph 0D9D is divided

This set will undergo the same comparison process and the findings for this set are as following.
Bottom:

e Single curve (C1S1): 0DA1, 0DA2, 0DB4, 0DC2

e Double curve (C1S2): 0DBA, 0DC3

e Double curve with hump (C1S3): 0D9D
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Top Left:
e Eye (C2S1): 0DAIL, 0DA2, 0DB4, 0DC2
e Eye with horizontal line (C2S2): 0D9D, 0DC3
e No eye (C2S3): 0DBA
Top Right:
e Eye (C3S1): 0D9D, 0DB4, 0DBA, 0DC3
e Eye with big knot (C3S2): 0DAI
e Eye with small knot (C3S3): 0DA2
e Eye with base loop (C3S4): 0DC2
The glyphs in type 2 set 1 can be expressed using relevant parts as:
e (0D9D = CI1S3 + C2S2 + C3S1
e (ODAI1=CI1S1 +C2S1 +C3S2
e (0DA2=CI1S1+C2S1 + C3S3
e (0DB4=C1S1+C2S1+ C3S81
e (ODBA =C1S2+ C2S3 + (C3S1
e (0DC2=CI1S1+C2S1+(C354

e 0DC3=CIS2+C2S2 +(C3S1
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All glyphs 0D9D, 0DA1, 0DA2, 0DB4, ODBA, 0DC2, 0DC3 are candidates for determining
the minimum number of glyphs needed to be created for this set. The algorithm identified 5
glyphs is the minimum glyph count that will be needed to create the 7 glyphs in Type 2-set 1.
And suggested a way to do this

Table 3.7: Different ways of glyphs to be designed for Type 2-Set 1

Code | Class Glyph

0D9D | C1S3, C282, | e
C3S1

ODAI | C1S1, C2S1, |
C382

0DA2 | C3S3 e

ODBA | C1S52, C2S3 @

0DC2 | C354 ®

Type 2-Set 2

This set contains 2 glyphs ODSF “T” e and 0DAG6 “nyja” . These 2 glyphs are almost none
existent in legacy fonts. this might be due to the fact that they can be derived from 0DB4 “pa”
s and 0DA2 “ja” & by changing the eye of the glyph to a knotted eye. 0DA6 was not found on
any of the legacy fonts we were testing 0D8F was found on 50 fonts. this is how the font looks

like when 0DB4 is removed from O0D8F

8 -3-)

Figure 3.11: 0D85 with parts removed using 0DB4

Type 2-Set 3

This set contains 2 glyphs 0D90 “II”” ese and 0D8D “r” esa. 0D90 is created by combining 0D8F
“I” e and ODDF (gayanukitta) <o and 0D8D is created by combining 0DC3 “sa” e and 0DD8
(gatapilla) <:a. We can see that in some fonts the eye is constructed with a horizontal line while

in some fonts the horizontal line cannot be found.
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3.1.1.3 Type 3 analysis

This type contains the 5 glyphs 0D9C, 0D9F, 0DB7, 0DC1, 0DC4. All glyphs in type 1 and
type 2 were split horizontally. But for type 3, the most suitable way separating the glyph would

be to split the glyph vertically at 2 points. Thus, splitting the glyph into 3 parts. We name them
as Left, Middle and Right.

® (5 )

Figure 3.12: How glyph 0D9C is divided

Findings for this type are as following.
Left:
e Head (C1S1): 0D9C,0DCl1
e Head with shoulder joint (C1S2): 0D9F
e Head with eye (C1S3): 0DC4
e Head with horizontal lined eye (C1S4): 0DB7

Here due to the extreme similarities of 0DC4 and ODB7 it gives a high similarity percentage
when checking the similarities as shown in figure 3.13. Figure 3.14 and 3.15 shows 2 examples

of this. but we would consider them as different sets since these are not actually substitutable

by each other.
Above 95 34
90-95 166
83-90 85
B80-85 02
73-80 44
Below 75 21

Figure 3.13: Similarities of 0DC4 and 0DB7 in different fonts as percentages
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Figure 3.14: FM-Bindumathi
(Similarity: 94.66230937%)

M

Figure 3.15: DL-Ridhma
(Similarity: 93.34719335%)

Middle:

e Curve to curve joint (C2S1): 0D9C, 0D9F, 0DB7, 0DC4, 0DC1
Right:

e Tail (C3S1): 0DB7, 0DC4, 0D9F, 0D9C

e Tail with base loop(C3S2): 0DC1
The glyphs in type 1 set 2 can be expressed using relevant parts as:

e (0D9C=CIS1+C2S1+C3S1

e OD9F =C1S2 + C2S1 + C3S1

e (O0DB7=CI1S4+ C2S1+ C3S1

e (ODCI1=CI1S1+C2S1+C3S2

e 0DC4=C1S3+C2S1+C3S1
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All glyphs in this type are candidates for determining the minimum number of glyphs needed

to be created for this type. The algorithm identified 4 glyphs is the minimum glyph count that

will be needed to create the 5 glyphs in Type 3. And suggested 3 ways to do this.

Table 3.8: Different ways of glyphs to be designed for Type 3

Code | Class Glyph
OD9F | C1S2, C2S1, C3S1 ®
0DB7 | C1S4 ®
0DC1 | C1S1, C3S82 @
0DC4 | C1S3 ®
Code | Class Glyph
0DC1 | C1S1, C2S1, C382 @
0DC4 | C1S3, C3S1 ®
0D9F | C1S2 ®
0DB7 | C1S4 ®
3.1.14 Type 4 analysis

Code | Class Glyph
0DB7 | C184, C2S1, C3S1 ®
0DC1 | C1S1, C3S82 @
0DC4 | C1S3 ®
OD9F | C1S2 ®

This type only contains 2 glyphs ODAF “da” ¢ and 0DB3 “nda” ¢ and the analysis of glyphs

shows that 0DB3 is constructed by adding a shoulder joint / eye knot to the glyph ODAF. But

some glyphs also change the eye hence designing these as 2 glyphs is ideal.

S

Figure 3.16: 0DB3 with parts removed using 0DAF
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3.1.1.5 Type S analysis

This type consists of 3 glyphs 0D9A “ka” z, 0DAD “ta” », 0DB1 “na” ». In all these glyphs
we can find a cross road like feature as shown in figure 3.17. This can be identified as a split
point where the glyphs can be divided into 3 parts. We can identify them as Top, Bottom and

right.

@ZF+O+‘)

Figure 3.17: How glyph ODAD is divided
Once we analyze the divided glyphs font wise, we can notice some things that were not

available in other types we analyzed before.

e The similarity of bottom part is lover than 75% in most of the glyphs meaning they are

not substitutable.

e The similarity of the eye seems to be around 85-90% in most fonts. but the eyes are
being so small leads to the percentages varying drastically even for a small difference

of a pixel.
e The tail seems to be similar 90% or above all the glyphs

Since the top part and right part are both similar and can be substituted for each glyph, we can
select 0DB1 as the glyph to be designed. The main reason for choosing 0DBI is because the
part under the eye is curvy in this glyph. hence it has a low chance of the eye being connected
to the bottom part when compared with other 2 glyphs in this group. This is shown in figure
3.18.

") B e) ).

Figure 3.18: How eye collide with the body
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3.1.1.6 Type 6 analysis
This type also has only 2 glyphs 0DBB “ra” ¢ and 0D8A “ii” &. The analysis shows that 0D8A

can be derived by adding 2 circles to the sides of diagonal stroke of glyph 0DBB.

Q20 ©o

Figure 3.19: 0D8A with parts removed using 0DBB

3.1.1.7 Type 7 analysis

For this type we were unable to find any close resemblances with other glyphs. It consists of 7

glyphs.

e 0D8B ¢
e 0D85 &
e 0D89 o
e ODAB &
e ODBD ¢
e 0ODCS ¢
¢ 0DC6 o
e (0D82 e
o (D83 s

Even if it seems that 0D8B, 0DBD, 0DC5 have similar properties to the naked eye, our initial
analysis shows that they are infect not similar. Hence the design of these glyphs is required.

The same is applicable to 0D82 and 0DS§3.
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3.1.1.8 Type 8 analysis

The glyphs in this type are all conjunct letters. According to the book Sinhala Graphology
(Disanayaka, 2006) these are letters like conjunct letters. This type consists of 3 glyphs.

e ODA3 =
e 0DA4 ex
e 0DAS =

0DA3 = is created by combining the 2 glyphs 0D9A “ka” z and 0DBO0 “dha” @. The tail of
0DO9A is connected to the start of 0DBO and the bodies of two glyphs are stick together. This
can be generated using the glyphs we have. But letting the font developer design the exact way

the tail and front connects would be ideal.

-7 @ T

Figure 3.20: How glyph ODA3 is created using 0D9A and 0DBO

0DA4 ex is created by combining the 2 glyphs 0D9A “ka” z» and ODAF “da” ¢. The tail of
O0DO9A is connected to the eye of 0DAF and the bodies of two glyphs are stick together just like
with the glyph 0DA3. We can also see a knotted eye for 0D9A in this glyph hence the knot in
the eye and the tail should be designed by the font developer.

Figure 3.21: How glyph 0DA4is created using 0D9A and ODAF

ODAS e is created by combining the 2 glyphs ODIF “nnga” e and 0DAF “da” ¢. The tail of
0DOIF is connected to the eye of ODAF and the bodies of two glyphs are stick together just like
with the glyph 0DA3. As with all the glyphs in this type the tail connecting two glyphs should
be designed by the font developer.
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Figure 3.22: How glyph ODAS5is created using 0D9F and ODAF

3.1.1.9 Conclusion for Sinhala Base letters

For the 61 main letters in Sinhala Unicode, we can see that 11 of these letters are formed by
adding a sign to an existing letter, we will discuss about these in coming chapters. 4 letters that
are formed by doing modifications to existing letter and 3 are formed by connecting 2 glyphs.

And also, a letter which is not considered as a separate letter but has a separate glyph.

So, in order to generate glyphs for the 61 letters we need to create minimum of 31 glyphs and

9 glyphs with minor modifications should be created.
3.1.2 Signs (Pillam)
We can find 16 signs in legacy fonts. they are,

Table 3.9: Signs/Pillam found in Sinhala legacy and Unicode fonts

Name/Codepoint Description ghyph Availability in
legacy fonts
0DCA al-lakuna 3 Yes
0DCF aela-pilla i Yes
0DDO keti aeda-pilla o Yes
0DD1 diga aeda-pilla i Yes
0DD2 keti is-pilla & Yes
0DD3 diga is-pilla ° Yes
0DD4 keti paa-pilla 5 Yes
.0DD4 keti vak paa-pilla Yes
0DD6 diga paa-pilla g Yes
.0DD6 diga vak paa-pilla Yes
0DD8 gaetta-pilla ' Yes
0DD9 kombuwa @) Yes
O0DDF gayanukitta ) Yes
rakar rakaranshaya Yes
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reph repaya ° Yes
yanssaya yanssaya Yes
0DF3 diga gayanukitta g No
0DF4 kundaliya M No

ODF2 “diga gayanukitta” is not available in any of the legacy fonts but is available with Unicode
fonts so we would consider them as a glyph to be designed. 0DF4 “kundaliya” is the only

punctuation mark listed for Unicode in Sinhala but rather than categorizing it under puncturing

marks we will categorize it under this set.

We can notice that the glyphs 0DCA, 0DD2, 0DD3, 0DD4, 0DD6 and repaya appear multiple
times in same legacy font. This was due to the fact that Sinhala letters are of different widths
and heights so to adopt accordingly multiple glyphs are designed and handled using substitution
rules. The font developer would have to design 18 separate glyphs for all these signs.

Once they are designed the following glyphs would be able to be generated using them.

Table 3.10: Signs/Pillam that can be generated using other glyphs

Name/Codepoint Description ghyph
ODF2 diga gaetta-pilla “raa
ODDA diga kombuwa o
0DDB kombu deka oo
0DDC kombuwa haa aela-pilla @i
0DDD kombuwa haa diga aela-pilla | @
0DDE kombuwa haa gayanukitta @i
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3.1.3 Sinhala Sub letters

These glyphs are formed by adding a sign to an existing glyph. When adding a sign to a letter,
we can see that there are 2 behaviors. One set will combine the glyph with the glyph of the sign
and it will not modify the shape of the existing but rather extend the glyph. The other set will
change the shape of the glyph. This feature was well utilized in legacy fonts. since they only
had a limited number of codepoints available for the glyphs to be mapped, the font designers
only designed the glyphs that the appearance is changed when the sign is applied. For the other
glyphs they simply designed the sign only.

© © @

Figure 3.23: How glyph change with different signs
Original glyph | The upper part of the glyph is changed | Glyph is extended but original shape
remains the same

When doing this the designer had to be precise when designing all the glyphs so that for any
glyph that will combine the sign will match perfectly forming a visually seamless letter. This
was a tedious process so later the developers tend to use anchor points so that rather than
designing all the glyphs to comply a sign it was easy to define a position where the sign should

be aligned with that glyph.

Defining anchor points also take time so if the designer could design a glyph with all its variants
with different signs it would be much easier for the developer. But then again, the number of
glyphs need to be design will greatly increase. This is an aspect we are going to give a solution

through research.

here in table 3.11, we will show how glyphs in sub category are designed for each type of glyphs

in the main category.

Table 3.11: Sub glyphs with their main glyph

Type Glyph Sub Glyph/s

Type 1 0D9E 0D9EODCA, 0D9EODD2, 0D9EODD3
0D91 0D92
0D9%4 0D95
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0DAO 0DAOODCA, 0DA0O0ODD2, 0DA0O0ODD3
0DA7 0DA70DCA, 0DA70DD2, 0DA70DD3
0DAS 0DA80ODD2, 0DASODD3
0DA9 0DA90DCA, 0DA90DD2, 0DA90DD3
0DAA 0DAAODD2, 0DAAODD3
0DAE 0DAEODD2, 0DAEODD3
0DBO 0DB00ODCA, 0DB00DD2, 0DB00DD3
0DBS 0DB50DD2, 0DB50DD3
0DBS 0DBSODCA, 0DBS0ODD2, 0DB80DD3
0DB9 0DB90DCA, 0DB90DD2, 0DB90DD3
0DCO 0DCO0DCA, 0DC00DD2, 0DC00DD3
0D9B 0D9BODCA, 0D9B0ODD?2, 0D9B0DD3
0DB6 0DB60DCA, 0DB60DD2, 0DB60DD3
0DAC 0DACODCA, 0DACODD2, 0DACODD3
0DC50DD4 | -

Type 2 0D9D -
0DAI 0DAITODCA, 0DA10DD2, 0DA10DD3
0DA2 0DA20DCA, 0DA20DD2, 0DA20DD3
0DB4 -
0DBA 0DBA.reph
0DC2 -
0DC3 -
0D8F -
0DA6 -
0D90 -
0D8D -

Type 3 0D9C -
0D9F -
0DB7 -
0DC1 0DC10DD3.rakar
0DC4 -

Type 4 0DAF ODAF.rakar, ODAF.yansaya, ODAF.yansayaODCF, O0DAFODCEF,

0DAFODDO, 0DAFODD1, 0ODAFODD2, 0DAFODD3, 0DAF0DDA4,
0DAFODD6, 0DAFODDS, 0DAFODDD
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0DB3

0DB3.yansaya, 0DB3.yansayaODCF, ODB30DCF, 0DB30DDO,
0DB30DD1, 0DB30DD2, 0DB30DD3, 0DB30DD4, 0DB30DD®6,
0DB30DDD

Type 5

0D9A

0DAD

0DBI1

Type 6

0D8A

0DBB

0DBBODCA, 0DBB0ODDO0, 0DBB0ODD1, 0DBB0ODD2, 0DBBODD3

Type 7

0D&B

0D8&2

0D83

0D85

0D8&9

0DAB

0DAB.reph, 0DABODD2, 0DABODD3

0DBD

0DBD0DD4, 0DBDODD6

0DC5

0DC6

Type 8

0DA3

0DA4

0DAS

3.1.3.1

Type 1 analysis

The main part which is changed in this seems to be the Top right section of the glyph Top left

and Bottom parts remain intact. Analysis of the top part showed that it can be categorized into

5 groups.

e Rehana

e Keti is-pilla with ascending stroke

o Keti is-pilla with ascending end loop

e Diga is-pilla with ascending stroke

e Diga is-pilla with ascending end loop
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Including these 5 types our findings in Type 1 can be amended as following.

Bottom:

e Single curve (C1S1): 0D91, 0DAO, 0DA7, ODAE, 0DBS, 0DBS§, 0DC0, 0DAOODCA,
0DAO0ODD2, 0DA0OODD3, 0DA70DCA, 0DA70DD2, 0DA70DD3, 0DAEODD2,
0DAEODD3, 0DB50DD2, 0DB50DD3, 0DB80DCA, 0DB80DD2, 0DB80DD3,
0DCO0ODCA, 0DC00DD2, 0DC00DD3

e Double curve (C1S2): 0D94, 0D9E, 0DAS, 0DA9, 0DAA, 0DBO, 0D95, 0D9EODCA,
0D9EODD2, OD9EODD3, 0DA8S0DD2, 0DAS0ODD3, 0DA90DCA, 0DA90DD2,
0DA90DD3, 0DAAODD2, 0DAAODD3, 0DBO0DCA, 0DB00DD2, 0DB0O0DD3

e Double curve with hump (C1S3): 0DB9, 0DB90DCA, 0DB90DD2, 0DB90DD3
Top Left:

e No eye (C2S1): 0DAS, 0DAE, 0DBO, 0DA7, 0DA70DCA, 0DA70DD2, 0DA70DD3,
0DASODD2, 0DA8S0ODD3, O0DAEODD2, 0DAEODD3, 0DBO0ODCA, 0DB00DD2,
0DB00DD3

e Round eye (C252): 0D9E, 0D9EODCA, 0D9EODD2, 0D9EODD3

e Eye (C2S53): 0DBS, 0DCO, 0DB50DD2, 0DB50DD3, 0DCO0DCA, 0DC00DD2,
0DC00DD3

e Eye with horizontal line (C2S4): 0D91, 0DAO, 0DA9, 0DAA, O0DAOODCA,
0DAOODD2, 0DAOODD3, 0DA90DCA, 0DA90DD2, 0DA90DD3, 0DAAODD2,
0DAAODD3

e Eye with hook (C2S5): 0D94, 0DBY9, 0DBS, 0D95, 0DBS8ODCA, 0DB80DD?2,
0DB80DD3, 0DB90DCA, 0DB90DD2, 0DB90DD3

Top Right:

e Ascending stroke (C3S1): 0D94, 0D9E, 0DAO, 0ODA7, 0DA9, 0DB0, 0DBS8, 0DB9,
0DCO

e Ascending end loop (C3S2): 0D91, ODAS, 0DAA, O0DAE, 0DB5
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e Rehana (C3S3): 0D95, ODY9EODCA, ODAOODCA, ODA70DCA, 0DA90DCA,
0DB0OODCA, 0DB80DCA, 0DB90DCA, 0DCO0DCA

o Keti is-pilla with ascending stroke (C3S4): 0D9EODD2, 0DA0OODD2, 0DA70DD2,
0DA90DD2, 0DB00DD2, 0DB80DD2, 0DB90DD2, 0DC00DD2

e Keti is-pilla with ascending end loop (C3S5): 0DASODD2, 0DAAODD2, 0DAEODD2,
0DB50DD2

e Diga is-pilla with ascending stroke (C3S6): 0D9EODD3, 0DA0O0ODD3, 0DA70DD3,
0DA90DD3, 0DB00DD3, 0DB80DD3, 0DB90DD3, 0DC00DD3

e Diga is-pilla with ascending end loop (C3S7): 0DAS0ODD3, 0DAAODD3, 0DAEODD3,
0DB50DD3

This gives a total of 47 glyphs. The amended glyphs in type 1 can be expressed using relevant

parts as:
e 0D91=CI1S1+C2S4 +C3S2
e (0DAO=CIS1+C254 + C3S1
e (O0DA7=CI1S1+C2S1 + C3S1
e (ODAE=CI1S1+C2S1 +C3S2
e (ODB5=CI1S1+C2S3+(C3S2
e (0DB8=CIS1+C2S5+ C3S1
e (0DCO=CIS1+C2S3+(C3S1
e (O0DAOODCA =CI1S1+C2S4 +C3S3
e (0DAOODD2 =CI1S1 + C254 + C384
e (0DAOODD3 = CI1S1 + C2S4 + C3S6
e (O0DA70DCA =CI1S1+C2S1+C3S3

e 0DA70DD2 = C1S1+ C2S1 + C3S54
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0DA70DD3 = C1S1 + C2S1 + C3S6

0DAEODD2 = CISI + C2S1 + C3S5

0DAEODD3 = C1S1 + C2S1 + C3S7

0DB50DD2 = C1S1 + C283 + C3S5

0DB50DD3 = C1S1 + C283 + C3S7

0DB8ODCA = CISI + C2S5 + C3S3

0DB80DD2 = C1S1 + C285 + C354

0DB80DD3 = C1S1 + C285 + C3S6

0DCOODCA = C1S1 + C2S83 + C3S3

0DC00DD2 = C1S1 + C283 + C3S4

0DC00DD3 = C1S1 + C2S83 + C3S6

0D9%4 = C1S2 + C2S5 + C3S1

0D9E = C1S2 + C2S2 + C3S1

0DA8 =C1S2 + C2S1 + C3S2

0DA9 =C1S2 + C2S4 + C3S1

0DAA =C1S2 +(C284 + C3S2

0DB0 = C1S2 + C2S1 + C3S1

0D95 = C1S2 + C2S5 + C3S3

O0D9EODCA = CI18S2 + C2S2 + C3S3

0D9EODD2 = CI1S2 + C2S2 + C354

0D9EODD3 = C182 + C2S2 + C3S6

0DASODD2 = C1S2 + C2S1 + C3S5
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e (0DASODD3 =C1S82 + C2S1 + C3S7
e 0ODA9ODCA =CI1S2 +(C2S4 + C3S3
e (0DA90DD2 =CI1S2 + C2S4 + C3S4
e (0DA90DD3 = C1S82 + C2S4 + C3S6
e (O0DAAODD2 =C1S2 + C254 + C3S5
e (O0DAAODD3 =C1S2 + C254 + C357
e (0DBOODCA =C1S2 + C2S1 + C3S3
e (0DB00DD2 = CI1S2 + C2S1 + C354
e (0DB00DD3 =CI1S2 + C2S1 + C3S56
e (0DB9=C1S3+ C2S5+ C3S1

e (O0DBY90DCA =C1S83 + C2S5 + C3S3
e (0DB90DD2 = CI1S3 + C2S5 + C354
e (0DB90DD3 = CI1S3 + C2S5 + C3S56

in Main Type 1-Set 1 we have a candidate glyph set that is most suitable for analyzing.

0DAO, ODAOODCA, O0ODAOODD2, 0ODAOODD3, O0DA7, ODA70DCA, O0DA70DD2,
0DA70DD3, ODAE, ODAEODD2, ODAEODD3, 0DBS, 0DBS8ODCA, 0DB80DD?2,
0DB80DD3, 0DCO0DCA, 0DC00DD2, 0DC00DD3, 0D94, 0D95, 0D9E, 0DAS, 0DASODD?2,
0DASODD3, 0DA90DCA, 0DA90DD2, 0DA90DD3, 0DB0, 0DBOODCA, 0DB00DD?2,
0DB00DD3, 0DB9, 0DB90DCA, 0DB90DD2, 0DB90DD3
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Table 3.12: Different ways of glyphs to be designed for Type 1

Code

Class

Glyph

0DC00DD3

C1S1, C283, C3S6

0DB90DCA

CI1S3, C28S5, C383

0DB90DD2

C354

0DAO

C254, C3S1

O0DA7

C2S1

0DAE

C3S2

0D9%4

C1S82

0D9E

C282

0DASODD2

C3S5

0DASODD3

C3S7

S O O ® ¢ O O & Y| O

Code

Class

Glyph

0DCO00DD2

CI1S1, C283, C354

0DC00DD3

C356

0DB90DCA

C18S3, C285, C3S3

0DAO

C284, C3S1

0DA7

C2S1

0DAE

C3S2

0D9%4

C1S2

0D9E

C282

0DASODD2

C38S5

0DA80ODD3

C3S7

& | O ® G| O O ¥ G

Code

Class

Glyph

0DB9

C183, C285, C3S1

0DASODD2

C182, C2S81, C3S5

0DASODD3

C387

0DA90DCA

C254, C3S3

0DA90DD2

C354

0DA90DD3

C38S6

0DAOODCA

C1S1

0DCOODCA

C283

0DAE

C382

G| O O &9 & O & & B
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0D9E C282 &

The 47 glyphs can be generated by designing minimum of 10 glyphs. If we included 0D91,
0DAA, 0DBS5 and their variants the minimum number of glyphs need to be designed could have
been minimized to 9 but, since there’s high chance of the eye touching the ascending end loop

in those glyphs omitting these glyphs would ensure more accurate results.
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Designing the glyphs in following order will ensure quicker designing process. Since we can

utilize parts of already generated glyphs.

1. 0DA7

2. ODAE

3. ODAO

4. 0D9%4

5. ODB90DCA
6. OD9E

7. 0DCO0DD2
8. 0DC0O0DD3
9. ODA80ODD2
10. 0ODASODD3

0D92 ¢ was not included in the above list due to the fact it can be created by joining the 2
glyphs 0D91 & and ODCA “kodiya” :*. only 25 out of 475 fonts contained a separate glyph for
it.
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3.1.3.2 Type 2 analysis

For type 2 there are only 7 glyphs that belongs to 3 main glyphs. 2 of the main glyphs are 0DA1
“cha” ¢ and 0DA2 “ja” &. These letters in Sinhala have some special features. Unlike other
letters the “kodiya” is positioned at the middle of the glyph between the eyes where as in other
glyphs it is usually positioned at the right side of the letter. This might be due to the fact that
there’s a diagonal stroke already at the right side of the letter. Also, the “is-pilla” is designed to
be aligned with the diagonal stroke of the letter rather than horizontally on top of the letter
unlike in other letters. But in different fonts we can see that rule was not strictly followed. This

is shown in figure 3.24.

888 5 & &

Figure 3.24: How is-pilla and kodiya denoted in different fonts.

Hence, we will consider the glyphs 0ODA10DCA and 0DA20DCA are generatable glyphs by
combining 0DA1/2 and ODCA “kodiya” :# by positioning it in the middle of the eyes. While
letting the font designer design 0DA10DD2, 0DA10DD3, 0DA20DD2, 0DA20DD3.

The other glyph available in this type is ODBA.reph & which is a combination of 0DBA “ya”
« and “repaya” . This glyph is also not needed to be designed since it can be generated using

existing glyphs.

s
Figure 3.25: 0DBA.reph with parts removed using 0DBA

3.1.33 Type 3 analysis

There’s only a single glyph under this type 0DC10DD3.rakar & which is available in 55.46%
of examined fonts. this glyph is a combination of 3 glyphs ODCI “sha” @ 0DD3 “diga is-pilla”
2 and “rakaranshaya”. glyph analysis shows that some minor changes are made for the bottom
part of the glyph. But utilizing existing glyphs to generate the desired glyph also gives

satisfactory results.
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3.1.34 Type 4 analysis

This type can be considered as the most versatile sub set of glyphs. Despite only being consist
of 2 main glyphs the letters ¢ and ¢ has a tradition of having the signs which are supposed to
displayed to the right side of the letter are positioned below the glyph instead in the bottom line
(Figure 3.26). But disanayaka explains that this practice is fading gradually while the practice
of having the signs to the right side of letter as in other letters becoming more popular in the

recent past (Figure 3.17).

¢ ¢ € ¢ ¢ €

Figure 3.26: Signs are displayed below the glyph

¢ €1 €7 €a &5 &0 @ ¢

Figure 3.27: Signs are displayed alongside the glyph

Since there’s a more common and simple way of presenting these glyphs, we will not design
these glyphs separately. Once we omit the above glyphs, we are left with the following glyphs

which are available in the legacy fonts.
e ODAF.rakar ¢
e (ODAFODD2 28
e (ODAFODD3 &
e (ODAFODD4 ¢
e (ODAFODD6 ¢

e (0DB30DD2

0

e (0DB30DD3

0
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e O0DB30DD4 ¢
e O0DB30DD6 ¢

Even though we find the glyph ¢ in 91% of the examined fonts the glyph ¢ is only can be found
in only 1% of the fonts. However, we would consider this as a glyph to be designed by

modifying ODAF .rakar

The width of the two letters in type 4 is narrower compared to the other glyphs. Hence, we have
to design the glyphs for “is-pilla” and “diga is-pilla” to be narrower than the general glyphs for
them as shown in Figure 3.28. The design of 0DAFODD2 and DAFODD3 with narrower “is-
pilla” and “diga is-pilla” is possible. Hence creating separate glyphs is not necessary because
of this. So, we would have to design 3 glyphs for this sub type and the other 3 glyphs can be
generated using the designed glyphs. A total of 8 glyphs should be designed for this type to
generate the total 12 glyphs for this type.

Figure 3.28: Length difference of is-pilla

3.1.35 Type 5 analysis
There are no glyphs for this set.
3.1.3.6 Type 6 analysis

Even though type 6 base letters had 2 glyphs one of them was a vowel and no signs are applied
to it. But for the glyph ODBB we can find 5 sub glyphs. The rules for this letter are also bit

99 p 3

different when compared to others. Here also the “kodiya” <! is positioned at the left side of the
glyph and also the “is-pilla” and “diga is-pilla” is aligned diagonally with the stroke at the top.
Sometimes we can notice some fonts have done slight changes to the diagonal stroke too. Also,
to represent the vowel sound “ae” and “aee” sounds the glyphs d. and <& used respectively. The
signs “aedaya” : and “diga aedaya” <x which is used to represent the vowel sound “ae” and
“aee” are used to represent vowel sounds “u” and “uu” in this letter. So, the glyphs that needs

to be designed for this type are:
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e (ODBBODCA &
e ODBBODDO d
e ODBBODDI «
e ODBBODD2 &

e ODBBODD3 &

B O
& O T
& O T
B &-"
B &-°

Figure 3.29: How sub glyphs for 0DBB are formed with signs

Here, Since the base glyph is already designed, only minor design changes are left to be done
for the font developer. And since for glyph ODBBODCA only the position of the “kodiya” is to
be determined it can be generated automatically using glyphs 0ODBB s and 0DCA :*.
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For the type 6, there are 7 glyphs including both base and sub letters. In order to design these
glyphs 1 whole glyph should be designed and other 5 glyphs can be designed by doing
modifications to the already designed glyph. The other glyph can be generated without any

human interaction.
3.1.3.7 Type 7 analysis

There are 5 glyphs for 2 base glyphs in this type. 3 glyphs, 0DAB.reph, 0DABODD2 and
O0DABODD?3 for 0DAB “nna” % and 2 glyphs, 0DBD0ODD4 and 0DBD0ODD4 for 0ODBD “la”

c.

ODAB can be considered as the widest glyph of the glyphs we analyzed. It also contains a
diagonal stroke in the middle. This becomes a problem when applying “is-pilla” and “diga is-
pilla” and “repaya” for this glyph. We can notice that different fonts have handled this
differently. Hence letting the designer decide how these glyphs should be constructed is the

&)

Figure 3.30: How is-pilla is placed in for glyph ODAB different fonts

best option.

0DBD is ending with a descending stroke due to this when applying signs bellow the glyph the
bottom part should be changed accordingly so when applying “pa-pilla” and “diga pa-pilla” the
bottom part of the glyph should be designed while the top part can be taken from the base glyph

0DBD.

Figure 3.31: How pa-pilla change the glyph 0DBD

For type 7 a total of 14 glyphs should be designed.
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3.1.3.8 Type 8 analysis
There are no glyphs for this set.
3.1.3.9 Conclusion for Sinhala Sub Letters

For the 71 glyphs found in Sinhala sub letters 9 new glyphs needed to be designed while another
14 glyphs needed to be designed by doing modifications to the existing glyphs. These statistics

are shown in detail in table 3.17.
3.1.4 Numbers
All glyphs for the numbers 0-9 should be designed by the font developer.

Table 3.13: Numbers with Unicode codepoints
0030 |0
0031
0032
0033
0034
0035
0036
0037
0038
0039

—

O | 0| | | | K| Wl N
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3.1.5 Punctuations

Since we are not considering extended ASCII characters there are 33 punctuation marks or such

symbols in the ASCII character set and majority of these glyphs can be seen in Sinhala legacy

fonts.

Table 3.14: Punctuation marks and their availability in legacy fonts

Code points | glyph description Availability in  legacy
fonts
0020 space 100%
0021 ! 86.13%
0022 «“ Double Quotation mark 12.82%
0023 # 15.12%
0024 $ 13.65%
0025 % 96%
0026 & 14.5%
0027 ¢ Single Quotation mark 17.65%
0028 ( 96.85%
0029 ) 99.37%
002A * 32.14%
002B + 92.65%
002C , 100%
002D - Hyphen 97.69%
002E 99.79%
002F / 92.85%
003A 95.17%
003B ; 81.09%
003C < 13.24%
003D = 92.85%
003E > 13.45%
003F ? 99.37%
0040 @ 15.34%
005B [ 73.74%
005C \ 12.61%
005D ] 76.47%
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005E A 10.92%
005F _ Underscore 14.5%
0060 ) Grave accent 0.84%
007B { 24.16%
007C | 17.86%
007D } 24.37%
007E ~ tilde 0.0%

At this stage it’s worth noting that the glyph 0020 which denotes the space is not needed to be

designed since it can be generated.

These glyphs share similarities since these glyphs are the inversed glyphs of each other. Hence
designing one from these glyphs would be enough. The other glyph can be generated
automatically by inversing the designed glyph.

e 0028 “("— 0029 «)”
e 002F “/” —005C “\”
e 003C “<”—003E “>”
e 005B “[”— 005D “]”
e 007B “{”—007D “}”

In most fonts 003A ““:” and 003B “;” glyphs are constructed using 002C ““.” and 002E “,” glyphs.
Hence, we can come to a conclusion that 003A and 003B are generatable using 002C and 002E.

Similarly, 0022 is constructed using two 0027 glyphs.

So, in order to design the 33 punctuation marks the minimum number of glyphs to be designed

would be 24 glyphs.
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3.1.6 English Letters

The 26 English letters should be designed in both simple and capital variants thus leading to
the design of 52 glyphs.

Table 3.15: English letters and their codepoints

0041 A 004E N 0061 a 006E n
0042 B 004F O 0062 b 006F 0
0043 C 0050 P 0063 c 0070 p
0044 D 0051 Q 0064 d 0071 q
0045 E 0052 R 0065 e 0072 r
0046 F 0053 S 0066 f 0073 s
0047 G 0054 T 0067 g 0074 t
0048 H 0055 U 0068 h 0075 u
0049 I 0056 \% 0069 i 0076 v
004A J 0057 W 006A ] 0077 w
004B K 0058 X 006B k 0078 X
004C L 0059 Y 006C 1 0079 y
004D M 005A Z 006D 1 007A z
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3.2 Glyphs to be designed for Unicode compliant font

Up until now we were discussing the glyphs to be generated based on the available glyphs in
legacy fonts. but there are many glyphs which wasn’t discussed in previous sections. This is
mainly due to the reason that these glyphs can be generated using the glyphs we discussed
previously. But we need to specify which glyphs are going to be included in the font we

generate.

Guide to creating Sinhala and Tamil Unicode fonts, contains a chart on how the Sinhala

character strings should be placed when sorting them. This is shown in figure 3.32.

&P, . 8. 9.3, ¢ Co. 02, 80, O, ©9,06,8, 00,3, 3, D,
s, 78,
®, W0, DY, I, B, B, R, T, D, DR, Do, D, OB, I, W, ST, OB, OB, I,

D, D, AN, N B, D, A, A Do, D, Do, Do, @I, @D, G, @D, @3, eDe, D

@, @, 0. M. 8, 8. Q. §. Da. V. Vo, Vo, 00, @, GGV, T, e®I, e, &,

€3, e, 37, 607, 83, 8, g3 43, €93, €322, 30, 30, BE3, LS, BB, @, BesT, Beve, ¢,

0, &, &7, 0, 8, 8, §. &, 0. O, O, Do, 0V, 00, b, e, 083, ade, O,

©, @, o, . 8, 8, @, &, 9, Van, B, B, G, BT, GEY, B, GVI, Ve, &,
0.9, 01, 8,8, 8,8, 8. 02, Oas, Do, Do, @0, @9, @00, @D, 083, @D, D,

8, %, 8, &%, 8, 8, & & %, Ka, Ko, Yo, 0¥, 03, 00¥, 0¥, 0¥J, o, 8,

Y, th, 8, &, 8, 8, ¢, &, t, La, o, e, 0¥, 08, 0o, o, 0¥, o, 8,

=), 5, 2N, Wk, =B, =D, ). 25, 2, 2, e, e, B, D), COE), BN, OV,
ozdo, 7).

&, 8. 8. 1 ], F, . %, 0. %2, Ky, Ko, O, O, GO, G, BT, Gy, &,
:{-mm ey, of, of, o, oF, 6%, &, &R, o, O, O, GO, G, VKT, GeRe
8, &, &, &4, 8.8. 4. #, &, &a, o, o, 0 od, oY, oth, 0Ul, ode, ¥,
0.0, 0, 1, 8,8, D, D, Oa, Daa, Do, Do, @D, @, @00, @, @, @D, O

3, o, g, B, 8, 8, A A Lo, aa, Do, o, @, @, @e, e, s, adv, I,

Q.. . O, 8. 8, 8. 8. Do, Daa, Do, Do, 08, 08, ce), oth, @8, o, &

&, e, &, . 8, 8, &, &, La. e, e, o, @), @¢F, P, Bth, Btk e, I

%, oo, gy, G B, B, G G G G, G, G, V%, CH, VO, OGN, VGBI
o0, 43,

0, 0, O, &, &, 8, 8. 8, O, 823, Do, O, @0, 08, GO, e, 003, cd, ,

D, o, B, 2, B, B, . 5. D2, D, B, B, OB, OF, OB, E, B, B, I,

S, &, S, S, 8.8, 8. & G2, s, Bo, Go, 08, 0, 2ed, o), 03, B, &,

&0 6L 6 & & 6 6 @ 0. 00 G0 04, 0. 00, @9, @4, g0, 4.

Q0NN BB Q Q. Do, Daa, Do, Do, @D, 2D, BED, B, A3, B, O,

D, 20, N, D, B, B, B, @, 2N, DR, Do, Do, OB, O, CO, GV, OB, e, T,
¢ @856 @ g 04 04, 004 00, 0¢]. 2o, &

B, o, 8, &y, B, 8, &, 1, &3, 20, Ve, B, @0, @, eov, o, O3, et 8,

8, %, 8, 21 8.8, 8 1. 2o, D2, Lo, v, 00, 08, 0od, e, @83, o, &,

D, A, A, N, B, 3, Q. A Do, Daa, Do, o, @3, 2D, PO, e, @A, e, D,

©, 10, 07, 0y, B, 6, 19, ), 10, e, W, o, @, @tF, B, G, WS, B, 8,

. .9, 9, 8, 8, 8, 8, s, Oa, Do, Do, @0, @I, 0D, o, 093, ey, O,

R, Do, D, D, B, D, Q. A, Ra, Raa, Do, Do, @D, oD, CR, o, R, oD, B,

., @, o3, oy, 8B, B, @, @, @, aa, @, o, B, B, BEW, B, BT, Bwe, 3,

G, 0, d, &, 8, 8, 6y, Gy, Ga, Gaa, Gu, Ge, @0, @8, @ed, @dh, @df, @5, &,

C. . CL CL 8. 8. 8. G Ca. Ca, Co, Cv. @C. oF. aC. o, o7, ece. ¢,
0, D5, &1, Oy, 8. 8, B, . D, Oaa, Do, Do, @D, @5, @0D, 80, 07, D, D,

@, @, @y, @, 8, B, @, @, ™, B2, @o, B, R, BW, PO, B, GRS, G, &,

®, 8, 81, 2. 8, 8, 3 4, ¥, ¥, ¥, ¥9, 0¥, 0¥, 00N, 0¥, 0¥, C¥, ¥,

o, e, &7, &5, 8, 8, g3, 63, €2, €322, t30, 30, @3, BcS, G, B, BT, Bev, ¢,

®, ¥, 07, ¥, 8, 8, . 1. V2, VR, o, Vo, GV, Y, GV, G, BT, GV, ¥,

€. €% €L €L E & O N, ga gn. €9 €. €. o, 0o, o, 3. o€, &,
©, ™, o, o, B, B, g, Q. @, 0%, M9, M, @O, &S, GRO, B, BNT, B, .

Figure 3.32: Sinhala collection sequence
Source: (Wijayawardhana and Goonetilleke, 2010)
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We can see there are 798 different characters listed in this list. But if we check this with and

existing Sinhala Unicode font, we can see that some are not included in the font as glyphs while

there are additional glyphs in the font which are not included here.

The signs which are displayed left or right of a glyph is not included in the Unicode fonts. the

reason for this is these characters can be displayed using the relevant sign before or after the

base glyph. Such signs would be:

@0, @@, (o, O, i, a, Caa, e, (e

Hence the following will not be included as separate glyphs: z¢, ¢, =, a3, 9, @, o=,

Cem, @1, @0, @9

Those which are included as glyphs but not included in above list are as following:

Bhashitha: 2, =8, =8, », =, B, B

Iskola Pota: 2, 9, B, &

By analyzing both these fonts we decided the glyphs for each letter to be designed as following

Table 3.16: Glyphs to be designed

0,1,2,3,4,5,6,7,8,9 10
PV“#8% & () *+,-./;<=>7@[\]"_"{|}~ 33
B0, 0, L, D, R, B, H, 1), DA, @0, e, )y, Do, Wk, Daa , 0, eel, e, el | 23

, @9
o, T8, @, @, 81, 81, Dy Oy Gy C9, &1, A, 8, 9, O, &, @O, V, @, Vo 20
» | &,B,RB,®,m D0, 8B 11
2 19,8,3,8,889,98,8 11
® | d,838,0,90,9,d,8 8 11
© 4888888488 11
©10,888880,6988.9 11
®» | J,8 8,9,¢ 804 G 11
© 1953888299988 11
6 18,884438484¢88 11
1883844844388 11

71




) | ), w8, m, w, w), w, m, 58, 5, m) 11
| o, b, 6, 6, 6, 6, 6, 65, &5, @ 11
% | &, &, &, &, & &, G, K, &, & 11
g d,8,844384488 11
© 1535389399933 11
@ |d8,84439.d.8 3 11
©180,888880888§ 11
© 1d,88488d3,4d88 11
@ | &, &, &, B, N, B, BN, 6, 5 H 11
© 88888988288 11
» | 5,858,999 9,5,5,5 11
© 14,88484089d8¢ 11
¢ W% 66 @@ ed, &6 9,6 8,8, ¢, 0 20
@ 18,838393992383 11
» | ,8,8,9,05998.8,8 11
¢ |96 E6686¢88 13
s |4,888458054888 11
© 14,888489488 11
2 19,8,3,8,9,9,8,9,8,3 11
» | ,8,8,9,9 8,9,4,8,8 11
© 9,889889888 11
® 88888048,8,888 11
® | 43,884,938 7
3 03 3 B 5
s |44, 4,88, o, o 8
¢ |&&&aaeeaeddé 11
© 195,8%8,88589888 11
@ | d,88 929,048 8 & 11
e 4,8,88938448§ 11
© d,88,96884988 11
® | 9,8,89,939.983F 11
€ | &€& €& 4
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O | &

o | 488 0036 0d8 8

11

3.3 Conclusion

This concludes our glyph analysis. In this chapter we identified minimum of 40 glyphs should

be generated to create the 123 glyphs in Sinhala base letters and Sinhala sub letters.

Table 3.17: Summary of glyph analysis for base and sub letters

Sinhala Base Letters Sinhala | Base + Sub Letters
Sub
Letters
Glyph Minimum | Glyphs Glyph Total | Minimum | Glyphs
count glyphs  to | with count glyphs  to | with
be changes be changes
designed designed
Type 1 18 8 2 43 61 12 2
Type 2 11 5 2 7 18 5 6
Type3 |5 4 - 1 5 4 -
Typed |2 1 1 10 12 4 4
Type5 |3 3 - - 3 3 -
Type6 |2 1 1 5 7 1 5
Type7 |9 9 - 5 14 11 3
Type8 |3 - 3 - 3 - 3
Total 123 40 23

For 23 glyphs additional changes should be done but the majority of the glyph can be generated

thus saving the designer a huge amount of time.

18 glyphs in sign category are to be designed to generate all 24 glyphs in that set. While all 10

glyphs in number category should be designed. Glyphs for the 33 punctuation marks can be

created by designing 24 glyphs. For English letters 52 glyphs are needed to be designed.

When it comes to designing glyphs for Unicode compliant Sinhala fonts the number of glyphs

need to be designed increases to 593 glyphs. There’s a special character 25CC which is the

dotted circle displayed with the signs when they typed without any characters. This should be

generated too. For the complete font which would contain 594 glyphs minimum of 144 glyphs
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are needed to be designed. and 23 glyphs should be designed by doing modifications to the
already designed glyphs. Making a total of 167 glyphs.

Table 3.18: Glyph counts to be designed

Glyph count Minimum glyphs to be | Glyphs with changes
designed
English letters 52 52 -
Punctuation marks 33 24 -
Numbers 10 10 -
Signs / Pillam 23 18 -
Sinhala letters 475 40 23
Dotted circle 1 - -
Total 594 144 23

The developer can also opt to use a font with an open font license such as “LiberationSans”
which would make this process quicker. If this approach is taken the need for designing the 86
glyphs under punctuation marks, numbers and English letters would be eliminated. In that case

only 81 glyphs needed to be designed including 23 glyphs with additional changes.
3.4 Generate the font using font forge.

With all the glyphs needed to generate the font is identified now we come to the second phase
of the research which is generating the font. In this chapter we would design a process of
designing a software that would generate the necessary glyphs and then construct the font. We
would make the software interactive as possible and giving the font developer instructions to
design the glyphs. Since we are designing the software for armature font designers a step-by-

step process would be the ideal approach.
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In order to create a new font, the developer must provide:

e Font name

e Family name

e Name for humans

e Copyright information

e License information

e Images for the identified minimum glyphs

3.4.1 Glyph Design and Generation Process

The font designers are expected to provide the designed glyphs in png file format with the size
of 350 x 350px. The first glyph to be designed would be 0. The design of this glyph serves
several purposes. 0 is fairly a simple glyph to be designed. Starting with a simple glyph like
that would be easy for the font developer when designing the glyph. Bottom of this glyph should
be at line 4 and top of the glyph should be at line 1. Base on the height this glyph we can decide
the 5 lines to be followed when designing the future glyphs. The width of this glyph would be
taken as the width of the space.

The user will be requested to give a name for the project at the initial stage. All the files that
would be created is to be saved in a folder with the given project name. On the next screen the
designer would be asked to upload the image created for glyph 0. This glyph will be analyzed
and user will be provided with the positions for 5 reference lines to be followed when designing
the future glyphs. This would be done by measuring the height of the glyph. Since this glyph is
between line 1 and 4 it would mean line 2 is at line 1 + height / 3 and line 3 is at line 1 + height
/2 and line 5 would be at line 4 + height / 3. In the next step the user is required to design the

remaining numbers 1 — 9.

If the developer chooses to use LiberationSans font rather than designing Numbers, Punctuation
marks and English letters. He would be given 2 options to choose from if the font to be designed
has thick lines LiberationSans-Bold would be used otherwise LiberationSans-Regular would
be used. The above process will happen here using the 0 glyph of selected LiberationSans font

too.
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This process can be done in 22 steps as explained in table 3.19. At each step the algorithms will

split the uploaded glyphs for necessary parts and reconstruct those parts to construct a new

glyph and save the file in the png format. Even though this file format is easy to handled when

processing the images when uploading the glyphs vector graphic format is needed.

After all the glyphs are uploaded the png files will be converted to svg files. ImageMagick

would be used to convert the png files to pnm file format and Potrace will be used to convert

the generated pnm files into svg files.

Table 3.19: Glyph design and generation process

Step | Glyphs  to  be | values Generated glyphs values
designed

1 0030 0 25CC

2 0031, 0032, 0033, | 1,2,3,4,
0034, 0035, 0036, | 5,6,7,8,
0037, 0038, 0039 |9

3 0DCA, ODCF, | 40,5, | ODF2, ODDA, ODDB, 0DDC, 0DDD, 0DDE, | <:aa,@:%,
0DDO, 0DDI, | ©,2,2,5 | yanssayaODCA, yanssayaODD4, | ee::,e,
0DD2, 0DD3, | ,»,5,5, | yanssayaODDG6, yanssaya.reph oid,o0,
0DD4, .0DD4, | ca,e0, 3 5 5
0DD6,  .0DDG6, | iz, ~2, %
0DDS, 0DD9, | % g m,
0DDF, rakar,
reph,  yanssaya,
0DF3, ODF4

4 0DBB o} 0DBBODCA, 0DBBODD4, 0DBBODD6 8,61,01
0DS8A, 5,d.,4,8,
0DBBODDO, ]
0ODBBODDI,
0DBB0ODD2,
0DBB0ODD3

5 0D8B, 0D82, | ¢,i,ze, | 0D86, 0D87, 0D8S, 0DSC, O0DABODCA, | as,a,a:,
0D8&3, 0D85, | @,9,e5, | 0DABODD4, O0DABODD6, ODAB.rakar, | ¢o,
0D89, 0DAB, | c,e,0 0DABODCA .rakar, ODBDODCA, | &3, €q,x,
O0DBD, 0DCs, 0DBDODD2, O0DBDODD3, ODBD.reph, | 5,5,,
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0DC6 0DC50DCA, 0DC50DD2, 0DCS0DD3, | &8&.&.¢,
0DC60DCA, 0DC60DD2, 0DC60DD3, | g,8,5,8,
0DC60DDA4, 0DC60DD6, 0DC6.reph, | 8,0,0,8,
0DC6.rakar, 0DC60DCA rakar, | ,o,8,8
0DC60DD2.rakar, 0DC60DD3.rakar

0DABODD?2, €, $b,e3 | 0DABODD2.rakar, ODABODD3 rakar, | €,4%,G,&

0DABODD3, GG 0DBD.rakar, O0DBDODCA rakar, | ,8,8

O0DAB.reph, 0DBD0DD?2.rakar, 0DBDODD3.rakar

0DBDO0DDA4,

0DBDODD6

0DA7, 0DAE, | 2,0,0,®, | 0D91, 0DB5, 0DBS, 0DCO0, 0DAOODCA, | 8,9,8,0,0

0DAO, 0D%, | ®,8,8,8, | 0DAOODD2, 0DAO0ODD3, 0DA70DCA, |,8,8,9,5,

0DB90DCA, 8,8 0DA70DD2, O0DA70DD3, O0ODAEODD2, |3,8,8,8,8

ODO9E, ODAEODD3, 0DB50DD2, 0DBS50DD3, |.®,8,8,9,

0DCO00DD2, 0DB80DCA, 0DBSODD2, 0DB80DD3, | ».8,,2,

0DC00DD3, 0DCO0DCA, 0DA8, 0DA9, 0DAA, 0DBO, | 9.8,8,8,

0DASODD?2, 0D95, 0D9EODCA, 0D9EODD?2, 0D9EODD3, | & 8.8,8,

0DASODD3 0DA90ODCA, 0DA90DD2, 0DA90DD3, | & 5.8,8,
ODAAODD2, ODAAODD3, ODBOODCA, | g 8.8.8,
0DB00DD2, 0DB00DD3, 0DB9, 0DB90DD?2, £,8,9.9,
0DB90DD3, OD9EODD4, O0OD9EODDS, £.8,8,00,
0DO9E.reph, OD9E.rakar, OD9EODCA rakar, 29,8,8,9,
0D9EODD?2.rakar, 0D9EODD?3.rakar, 0D92, 9,9.8.8.9
0D93, 0D96, 0DAOODD4, O0DAOODDS, 2.9,9,9,
0DAO.reph, 0DAO.rakar, 0DAOODCA .rakar, 9.8.3,8,8
0DAOODD?2.rakar, 0DAOODD3.rakar, 3,9.8.8,
0DA70DD4, 0DA70DD6, ODA7.reph, 5.8.8.0,
0DA7.rakar, 0DA70DCA .rakar, 8,9,8.9,
0DA70DD2.rakar, 0DA70DD3.rakar, 5,6,6,6,
0DASODCA, O0DASODD4, 0DASODDS, 9.6.6.8,
0DAS.reph, 0DAS8.rakar, 0DASODCA .rakar, S.9.0.0,
0DASODD?2.rakar, 0DASODD?3.rakar, O.8.8.3,
0DA90DD4, 0DA90DD6, ODAOY.reph, 2,858,
0DADJ9.rakar, 0DA90DCA .rakar,

9.8,8,9,9
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0DA90DD?2.rakar, 0DA90DD3.rakar, | ,8,8,8,d,
ODAAODCA, O0DAAODD4, O0DAAODDSG, | &,8,8,8,8
ODAA reph, 0DAA rakar, 0DAAODCA rakar, | ,8,8,8,8,
0DAAODD?2.rakar, ODAAODD3 rakar, | 8,8,8,8,
O0DAEODCA, ODAEODD4, ODAEODDSG, | .8,8.8,9
O0DAE.reph, ODAE.rakar, 0DAEODCA .rakar, ,8,8,9,8,
0DAEODD?2.rakar, 0DAEODD3.rakar, 3]
0DB00DDA4, 0DB00DDS, 0DBO.reph,
0DBO.rakar, 0DBOODCA .rakar,
0DB00DD2.rakar, 0DB00DD3.rakar,
0DB50DCA, 0DB50DD4, 0DBS50DDS6,
0DBS5.reph, 0DBS5.rakar, 0DB50DCA .rakar,
0DB50DD2.rakar, 0DB50DD3.rakar,
0DB80DDA4, 0DB80DDS, 0DBS&.reph,
0DBS.rakar, 0DB80DCA .rakar,
0DB80DD2.rakar, 0DB80DD3.rakar,
0DB90DDA4, 0DB90DD6, 0DBO.reph,
0DB9.rakar, 0DB90DCA .rakar,
0DB90DD2.rakar, 0DB90DD3.rakar,
0DC00DDA4, 0DC00DDS, 0DCO.reph,
0DCO.rakar, 0DCOODCA .rakar,
0DC00DD2.rakar, 0DC0O0DD3.rakar

0DB6, 0D9B 2,0 0DB60DCA, 0DB60DD2, 0DB60DD3, | 8,58,8.9,
0DB60DDA4, 0DB60DDG6, 0DB6.reph, | 8,8,9,9,
0DB6.rakar, 0DB60DCA rakar, | §,8,9.9,
0DB60DD2.rakar, 0DB60DD3.rakar, | 3,9,9,5,
0D9BODCA, 0D9BODD2, 0D9BODD3, | 9,8,3,9
0D9B0DDA4, 0D9B0ODDS6, O0D9B.reph,
0D9B.rakar, 0D9BODCA .rakar,
0D9B0DD2.rakar, 0D9B0ODD3.rakar

O0DAC, 2,0 0DACODCA, ODACODD2, ODACODD3, | &,8,8.8,

0DC50DD4 0DACODD4, ODACODD6, ODAC.reph, | 8,8,8,8,
O0DAC .rakar, O0DACODCA rakar, | &,8,ex
0DACODD?2.rakar, 0DACODD3.rakar,
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0DC50DD6

10 | 0D9D, 0DAI, | e,8,%,, | 0DB4, 0DC3, 0OD9DODCA, 0D9DODD2, | &,s,ed,83,8
0DA2, 0DBA, | & 0D9DODD3, 0D9D0DD4, 0D9DODDG6, | ,e3,8,8.¢9,
0DC2 0D9D.reph, 0D9D.rakar, 0D9DODCA.rakar, | ¢f,&,8,8,%

0D9D0DD?2.rakar, 0D9DO0DD3.rakar, | ,,8,,4,
0DAI0ODCA, O0DA10DD4, ODAIODDG, | &,e4,24,8,¢e
ODAl.reph, ODAl.rakar, 0DA10DCA rakar, | ,&,3,8,8,
0DA20DCA, 0DA20DD4, O0DA20DD6, | &,,8,5,8
0DA2.reph, 0DA2.rakar, 0DA20DCA rakar, | ,8,8,4,8,
0DB40DCA, 0DB40DD2, 0DB40DD3, | &,cq,c4,3,8
0DB40DD4, 0DB40DD6, 0DB4.reph, | ,8,8,8,4,
0DB4.rakar, O0DB40DCA .rakar, | 8,8,4.8,8
0DB40DD2.rakar, 0DB40DD3.rakar, | ,ed,8,8,¢,
0DBAODCA, O0DBAODD2, O0DBAODDS3, | &,&,8,8,
0DBAODD4, ODBAODD6, ODBA.reph, | &,8,ea,
0DC20DCA, 0DC20DD2, 0DC20DD3, | csea
0DC20DD4, 0DC20DDe6, 0DC2.reph,
0DC2.rakar, 0DC20DCA .rakar,
0DC20DD2.rakar, 0DC20DD3.rakar,
0DC30DCA, 0DC30DD2, 0DC30DD3,
0DC30DD4, 0DC30DD6, 0DC3.reph,
0DC3.rakar, 0DC30DCA .rakar,
0DC30DD2.rakar, 0DC30DD3.rakar, 0D8D,

0D8E

11 0DA10DD2, 8,8,8,8, | 0DA10DD?2.rakar, ODA10DD3.rakar, | &,&,8,8,¢¢
0DA10DD3, 5,5 0DA20DD?2.rakar, 0DA20DD3.rakar, | ,&,8,¢4,¢,
0DA20DD2, 0DA60DCA, 0DA60DD2, O0DA60DD3, | &,¢,4,8,
0DA20DD3, 0DA60DDA4, 0DA60DD6, 0DAG6.reph, | &,e50
0DA6, ODSF 0DAG6.rakar, 0DAG60DCA .rakar,

0DA60DD?2.rakar, 0DA60DD3.rakar, 0D90

12 | 0DCl, 0DCA4, | @,»,e,5 | 0DIC, 0D9CODCA, 0D9CODD2, | ©,d,8,8,
O0D9F, 0DB7 0D9CODD3, 0D9CODD4, 0D9CODD®6, | ©,9,8,9,

0D9C.reph, 0D9C.rakar, 0D9CODCA . .rakar, | ¢,8,8,e,
0D9CODD2.rakar, 0D9CODD3.rakar, | &,8,¢,¢,
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0D9FODCA, O0D9FODD2, OD9F0DD3, | &,%,¢,8,
0D9F0DDA4, O0D9F0DD6, ODO9F.reph, | &,3,8,8,
O0DO9F .rakar, OD9FODCA .rakar, | %,%,8,9,
0D9F0DD2.rakar, 0D9F0DD3.rakar, | &,8,8,4,
0DB70DCA, 0DB70DD2, 0DB70DD3, | 8,8&,9,9,
0DB70DDA4, 0DB70DD6, 0DB7.reph, | &,9,4,8,
0DB7.rakar, O0DB70DCA .rakar, | §,23,8,8,
0DB70DD2.rakar, 0DB70DD3.rakar, | ©,%,8,9,
0DC10DCA, 0DC10DD2, 0DCI10DD3, | ¢.,8,8
0DC10DDA4, 0DC10DD6, 0DCl.reph,
0DCl .rakar, 0DC10DCA .rakar,
0DC10DD2.rakar, 0DC10DD3.rakar,
0DC40DCA, 0DC40DD2, 0DC40DD3,
0DC40DD4, 0DC40DDe6, 0DC4.reph,
0DC4.rakar, 0DC40DCA .rakar,
0DC40DD2.rakar, 0DC40DD3.rakar
13 | ODAF ¢ ODAFODCA, ODAFODCF, O0DAFODDO, | &,¢0,¢t,¢z,
ODAFODD1, ODAFODDS, ODAFODEF2, | ca,caa,ecd,
ODAFODDD, ODAF.reph, ODAF.yanssaya, | &¢x,é00
O0DAF.yanssayaODCF
14 | 0DB3 e 0DB30DCA, O0DB30DCF, 0DB30DDO, | &,e,e1,¢1,
0DB30DDI1, 0DB3.reph é
15 | ODAF.rakar, ¢.66.6,¢ | 0DAFODD2, ODAFODD3, 0ODAFODCEF .rakar, | 2,2,c0,¢,2,
0DAFO0DDA4, ,G 0DAFODCA .rakar, ODAFODD?2.rakar, | 2,8,2,8,8
0DAFODD6, 0DAFODD3.rakar, 0DB30DD2, 0DB30DD3,
0DB3.rakar, 0DB30DD2.rakar, 0DB30DD?3.rakar
0DB30DD4,
0DB30DD6
16 | ODBI 5
17 | OD9A,0DAD ,5 0DB10DCA, 0DB10DD2, 0DBI10DD3, | =¥,8,8,5
0DB10DDA4, 0DB10DDe6, ODBl.reph, | ,5,23,%,
0DB1 .rakar, ODB10DCA rakar, | =§,8,%,,
0DB10DD2.rakar, 0DB10DD3.rakar, | 8,8,5,%),
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ODADODCA, O0DADODD2, O0DADODD3, | 8,5,5.3,
O0DADODD4, O0DADODD6, ODAD.reph, | §,=8,28,8,
ODAD.rakar, O0DADODCA rakar, | z,2),2,%
0DADODD?2.rakar, O0DADODD3 rakar, | ,=,8,8
0D9AODCA, O0D9AODD2, 0D9AODD3,
0D9A0DD4, 0D9A0ODD6, OD9A .reph,
0D9A .rakar, 0D9AODCA .rakar,
0D9A0DD2.rakar, 0D9AODD3.rakar
18 | ODA3 =N 0DA30DCA, O0DA30DD2, O0ODA30DD3, | =,%3,%3,
0DA30DD4, 0DA30DD6, O0DA3.reph, | =2,2,%3,
0DA3.rakar, O0DA30DCA rakar, | z5),29,=3,
0DA30DD2.rakar, 0DA30DD?3.rakar %
19 | 0DA4 = 0DA40DCA, 0DA40DD2, 0DA40DD3, | o,e2,e2,
0DA40DD4, 0DA40DD6, O0DA4.reph, | ex,ex,e8,
0DAA4.rakar, O0DA40DCA .rakar, | ex,e2,e8,
0DA40DD2.rakar, 0DA40DD?3.rakar =4
20 | ODAS & O0DASODCA, O0DAS5S0DD2, O0DAS0DD3, | 2,2,z
0DAS50DD4, 0DAS0DD6, ODAS.reph, | ,eg,c8,eg,
0DAS .rakar, ODASODCA rakar, | «&,eg,c2
0DAS50DD2.rakar, 0DA50DD3.rakar
21 {0020, 0021, 0023, | 1,#,$,%, | 0022, 0029, 003A, 003B, 003E, 005C, 005D, | ©),:,;,>,\,]
0024, 0025, 0026, | &,°,(,*,+ | 007D .}
0027, 0028, 002A, | ,,.-
002B, 002G, | ,.,/,<,=,2,
002D, 002E, | @,[,,_,
002F, 003C, | ,{.|,~
003D, 003F,
0040, 005B,
00SE, 005F, 0060,
007B, 007C, 007E

22 | 0041, 0042, 0043, | A, B, C,
0044, 0045, 0046, | D, E, F,
0047, 0048, 0049, | G, H, I,
004A, 004B, | J, K, L,
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004C, 004D, | M, N, O,
004E, 004F, 0050, | P, Q, R,
0051, 0052, 0053, | S, T, U,
0054, 0055, 0056, | V, W, X,
0057, 0058, 0059, | Y, Z, a,
005A,0061,0062, | b,c,d, e,
0063, 0064, 0065, | f, g, h, 1,
0066, 0067, 0068, | j, k, 1, m,
0069, 006A, | n,0,p,q,
006B, 006C, |1, s, t, U,
006D, 006E, | v, w, X,
006F, 0070, 0071, |y, z

0072, 0073, 0074,
0075, 0076, 0077,
0078, 0079, 007A

The prototype software designed to generate Unicode compliant Sinhala fonts is presented in

the following figures.

L=y

Bulk Upload
Step 1 Project Name
Biept New Project
Step 3
Step 4
Recent Projects
Step 5 .
OKDAraliya
Step 6 4u-Arjun
< 4u-Derana
Step 7 AARidhma
Step 8 AHNelum
AMALEEPIain
Step 9
= amsArunalu
Step 10 amsSupun
Step 11 Anandalight
Bindumathi Unicode
Step 12 CPS-41
a CPS-46
Step 13 CPS-54
Step 14 CPS-8
= CPS40
Step 15 DL-DIVANIN
Step 16 DS-waruni
= EMBasurux
Step 17
e EMGanganeex
Step 18 EMMalithix
Step 19
Step 20
Step 21
Step 22
Step 23
Step 24
Validate
Article 1

Figure 3.33: Prototype software initial screen
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Bulk Upload Instructions
* Upload .Pngfiles of size 350 x 350 px

* The background should be in white
* The ideal base line position would be around 260 px

Upload

-

LI <l B 1 B € e < R B = B ]
N A A A 1
PR R IR PR

r R RERRRENI b

Figure 3.34: Prototype software step 1 — Uploading the first glyph

d Instructions

* Top leftand top right parts must nottouch each other
* [fbottom part have a hump it should not touch the top
part.
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Figure 3.35: Prototype software step 7 — Uploading more Glyphs

83



o
6]

d

(R A (- A [ =1
=
o = o b = (T
=3
]

Font Name Test

Hooray!!! You are Almost There

@ [®
(D (1<}
=~ I

Family Name Test Family

2
tif
=

FullName Test Family Reqular

2
T
)

Version 1.0

&
(]
=
=

Manufacturer

&
(i

—
=

2
T

.
3

Copyright

&
(]
-
3

Comment

Validate
Article 1

Generate Font

Figure 3.36: Prototype software final step — Generating the font

3.4.2 Font Creation

FontForge allows the creation of fonts in 2 ways. One way is to create a font from scratch while

the other way is to use an existing font to modify and create a new font. The following

commands can be utilized to create a font:

Table 3.20: FontForge commands for creating fonts.

Command

Result

font = fontforge.font()

Create a new font and assign it to the

variable “font”

font = fontforge.open(path)

Open a font file given in the “path” and

assign it to the variable “font”

glyph = font.createChar(0x0020, 'space')

Create a new glyph with the name “space” in

the codepoint 0x0020 and assign it to the
“glyph”

font[ “'space’’].clear()

Clear the data of the glyph names “space”.
The codepoint 0x0020 can also be used

instead of the name. When modifying an
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existing font, this needs to be executed

before importing the outlines.

glyph.importOutlines(svg_file path)

Import the outlines to the glyph using a

vector image in the “svg_file path”

glyphbbox = glyph.boundingBox()

Gets the bounding box information of the

glyph.

glyph.correctDirection()

Ensures that the contours in each glyph are

oriented consistently

glyph.transform(psMat.translate(x,y))

Changes the position of the glyph

29 <

lookup = font.addLookup(“name”, “type”)

Creates a new lookup table with the given

name and type

lookup.addLookupSubtable(‘“‘name”,

“sub_table name”)

Creates a sub table under lookup table

glyph.addPosSub(“sub_table name”,

positioning_value)

Adds a substitution to the glyph. The

positioning_value contains other

glyph

name and x and y offsets.

font.generate(path)

Generate the new font in a given path with

the given name

font.close()

Close the font

Also following attributes needs to be changed when creating a font.

Table 3.21: Attributes to be changed when creating a font with FontForge.

Attribute

Description

font.encoding

The encoding used for the font

font.fontname

Name of the font

font.familyname

Family name of the font

font.fullname

Family name and style of the font

font.copyright

Copyright information of the font

font.comment

Additional comments or notes

font.version

The version of the font

font.sfnt_names

Scalar Font Numerical Types

font.em

The em size of the font. Width of capital
letter “M”




glyph.width The width of the glyph

We have utilized these commands and attributes when developing the Unicode compliant
Sinhala font generation software. When using an existing font to generate the new font the
names that were given to glyphs in the original font should be used correctly when creating

glyphs otherwise the substitution rules will be broken.

Once the font is generated the font developer can do the necessary adjustments before

publishing the newly created font.
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CHAPTER 4
IMPLEMENTATION

In this chapter, the technical details of each step in the designed software will be discussed in
detail. The proposed software is a windows forms application. It was developed using C# and
.net framework 4.8. FontForge version 20230101 was used for this research. Python scripts
were extensively used in the proposed software. All the python scripts are written using python

3.10.0 and the following python packages were used.

e PIL — Image, ImageDraw, ImageFilter

e math

e numpy

e itertools — groupby

e 0S
® Sys
e shutil

e subprocess

o fontforge

psMat

48 python scripts were used in this software. These scripts are used for several specific tasks.
These tasks are listed in Table 4.1 with relevant python scripts and with the step the scripts were

used.

Table 4.1: Python scripts used in the software

Task Python Script files Usage
Generating folder | GenerateFoldersForGlyphs.py When a new project is
structures created

Finding split positions | AnalyzeTypel.py,  AnalyzeType2.py, | Step 1 - Step 20

AnalyzeType3.py, AnalyzeTypeS.py
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Splitting glyphs SplitTypelSetl.py, SplitTypelSet2.py, | Step 1 - Step 20
SplitType2.py, SplitType3.py,
SplitType4.py, SplitTypeS.py,
SplitType8.py
Image generation GlyphGeneration.py Step 1 - Step 21
Analyzing and image | Stepl AnalyzeOGlyph.py, Step 1 - Step 21

generation for each

step

Step2GenerateGlyphs.py,
Step3GenerateGlyphs.py,
Step4GenerateGlyphs.py,
Step5GenerateGlyphs.py,
Step6GenerateGlyphs.py,
Step7AnalyzeAndSplitTypelSetl.py,
Step7GenerateGlyphs.py,

Step8 AnalyzeAndSplitTypelSet2.py,
Step8GenerateGlyphs.py,
Step9AnalyzeAndSplitTypelSet2.py,
Step9GenerateGlyphs.py,
Step10AnalyzeAndSplitType2.py,
Step10GenerateGlyphs.py,
Step11GenerateGlyphs.py,
Step12AnalyzeAndSplitType3.py,
Step12GenerateGlyphs.py,
Step13GenerateGlyphs.py,
Step14GenerateGlyphs.py,
Step15GenerateGlyphs.py,
Stepl6AnalyzeAndSplitTypeS.py,
Step16GenerateGlyphs.py,
Step17GenerateGlyphs.py,
Step18AnalyzeAndSplitType8.py,
Step18GenerateGlyphs.py,
Step19AnalyzeAndSplitType8.py,
Step19GenerateGlyphs.py,
Step20AnalyzeAndSplitType8.py,
Step20GenerateGlyphs.py,
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Step21GenerateGlyphs.py

Copying files Step22CopyGlyphsToCommonFolder.py | Step 24
Cropping images Step23CropGlyphs.py Step 24
Converting image files | Step24ConvertPngToSvg.py Step 24
Generating fonts Step25GenerateFont.py, Step 24

SinhalaFontGeneration.py

When converting a raster image to a vector image file it should be first convert to an
intermediate file format Portable Any Map (pnm). This conversion is done using ImageMagick,
which is a popular open-source software suite for manipulating images. Once the png files are
converted to pnm files, Potrace, an open-source software tool used for tracing bitmap images
into vector graphics, is used to convert the pnm files to svg files. Each software provides

command line interface to execute their commands and using the commands:
e magick convert input.png output.pnm
® potrace output.pnm -s -0 output.svg

In order to execute python scripts in fontforge the ffpython.exe located in the bin folder of the
fontforge installation directory should be utilized. A python script can be executed using

ffpython.exe by executing the command:

e ffpython.exe python_script.py

SinhalaFontGeneration.py contains the code to create the font. It will be executed using the

ffpython.exe and the font will be generated.

BhashithaComplex font was used as the base font for generating the fonts in this research. This
was mainly due to the fact that the font can be modified under the Creative Commons
Attribution license. So that the glyph substitution rules can be used without reinventing them.
It’s important to note that not all the glyphs were replaced by the generated glyphs. Hence the
better option will be to create a new font which will only contain the necessary glyphs. Thus,

reducing the size and complexity of the font.
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CHAPTER 5
EVALUTION AND RESULTS

The qualities of a good font can be separated as aesthetics and technical aspects.

A font should be easy to read at various sizes and should facilitate the reading by having well
defined letters with proper spacing. And the glyphs should be consistent throughout the font.
And should be a visually pleasing for the readers. These are the aesthetic characteristics of a

good font.

The technical aspects of a good Unicode compliant font are it should fully support the Unicode
standard with proper character encoding. It should contain all the glyphs which is needed to
write in that specific language. The font should also support any implementation of open type

features such as kerning, glyph substitution etc.

When evaluation the generated font we should consider:
e Readability
e Correctness of character encoding
e Correctness substitution rules

A tool was developed to ensure these evaluation criteria. The generated font can be uploaded
to the tool and the user can type in desired text while the text will be displayed on the screen

using the uploaded font in multiple sizes. As shown in figure 5.1.

There’s also predefined text for all the letters and possible variations of that letters, numbers,
signs and even punctuation marks which can be selected by the user. With this the user will be
able to easily check each letter and find the issues. Sample of this process is shown in figures

50 and 51

To further clarify if the font complies to the evaluation criteria we have included an paper article
(“OsDeddn wwd gow@se?,” n.d.) extracted from lankaadeepa.lk. this article contains both

Sinhala and English letters and can be viewed using the generated font as shown in figure 52.
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See how your font would look like
Bindumathi Unicode ttf

[Nene v

28582
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8 Eod geld SDREE..
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G EoDID et VIDIVE..

Figure 5.1: Font validation tool with custom text

See how your font would look like
Bindumathi Unicode. itf
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D3OS ndod I
DITFT 2282333

DI T STondeld 88

Figure 5.2: Font validation tool with variations of letter “ka”
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See how your font would look like
Bindumathi Unicode.ttf
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Figure 5.3: Font validation tool with variations of letter “pa”

See how your font would look like

| Choose File | Bindumathi Unicode tf
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Figure 5.4: Font validation with paper article
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We have used glyphs from the legacy font FM-Bindumathi to create this font. Here while

validating the font, we have identified 2 issues of the font.

While majority of the letters in the generated font is readable, the letter “ma” ® and its variants

are not properly displayed. This is more noticeable when the size of the font increases.
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Figure 5.5: letter “ma” and its variations

When increase the size of the font we can see the joins are not smooth in some letters. Adding

a gaussian blur before converting the images to vector format seems to somewhat reduce this

effect but still the joining edges can be seen in some letters
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Figure 5.6: Non-smooth joints in generated glyphs
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CONCLUSION AND FUTURE WORK

6.1 Conclusion

With the findings of our research, we can conclude that a Unicode compliant Sinhala font can
be created by designing 594 glyphs. We identified that the parts of existing glyphs can be used
to generate new glyphs. A total of 167 glyphs were identified as the minimum glyphs needed
to be designed to create all the 594 glyphs. which consists of,

24 Punctuation marks
e 10 Numbers

e 52 English Letters

e 63 Sinhala Letters

e 18 Signs/pillam

This number can be reduced to 81 glyphs by choosing to take glyphs for numbers, English
letters and punctuation marks from a font with an open font license. Out of these 81 glyphs, 23

glyphs are designed by doing modifications to existing glyphs.

Once the minimum glyphs are designed, they can be uploaded using a software designed to
generate a Unicode compliant Sinhala font using the minimum glyphs. It takes 28 minutes to
upload all the 167 glyphs. The time takes to upload the glyphs can be reduced to mere seconds
by using the bulk upload option and uploading all the glyphs at once rather than uploading them
one by one. User is still needed to go through the steps which will take less than 3 minutes. 1

minute will be taken to fill the meta data and 4 /2> minutes to generate the font.

The process of generating the font once all the minimum glyphs are designed can be done in
less than 10 minutes. Implementing this method for Sinhala font creation will significantly
hasten the process while enabling anyone with only designing knowledge to create Unicode

compliant Sinhala fonts.
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6.2 Future works

In this research the suggested prototype software is a windows-based software. But it can be
converted into a web-based software enabling more users to create fonts easily without the

hassle of installing all the required software on their computers.

An issue with the existing software is the lack of smoothness in the joining points. To address

this issue an algorithm is need to be designed to smoothen the joining points of different parts.

Right now, there are a lot of legacy fonts in usage. These fonts contain more than 95% of the
glyphs identified as the minimum number of glyphs to be designed. If the original developers
of these fonts can take the initiative to convert these legacy fonts to Unicode compliant fonts
by using the software developed in this research, a large number of Unicode compliant Sinhala

fonts can be created within a short time period.
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0DB30DCA200D0DB0 8.6134 0DB60DD2.rakar 2.7310
0DB30DCA200D0DB00DCA 1.2605 0DB60DD3 92.8571
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0DB4.F 44.9579 0DB80DCA 94.3277
0DB4.FODD2 8.6134 0DB80DCA .rakar 0.4201
0DB4.FODD3 3.1512 0DB80DD2 94.5378
0DB4.rakar 1.8907 0DB80DD2.rakar 0.4201
0DB40DCA 4.2016 0DB80DD3 94.5378
0DB40DCA .rakar 3.5714 0DB80DD3.rakar 0.4201
0DB40DD2 3.5714 0DB80DD4 2.1008
0DB40DD2.rakar 3.7815 0DB80DD6 1.8907
0DB40DD3 3.5714 0DB9 97.4789
0DB40DD3.rakar 2.5210 0DB90DCA 94.3277
0DB40DD4 1.8907 0DB90DD2 95.798
0DB40DD6 1.8907 0DB90DD3 94.3277
0DBS5 98.7394 0DB90DD4 3.7815
O0DBS.rakar 0.4201 0DB90DD6 0.8403
0DB50DD2 72.6890 0DBA 100.0
0DB50DD2.rakar 0.4201 0DBA.reph 77.5210
0DB50DD3 73.5294 0DBAODCA 4.2016
0DB50DD3.rakar 0.4201 0DBAODD2 2.3109
0DB50DD4 2.5210 0DBAODD3 2.3109
0DB50DD6 2.5210 0DBAODD4 1.8907

IX




0DBAODD6 1.8907 0DC20DD3 2.5210
0DBB 100.0 0DC20DD4 2.5210
0DBBODCA 90.3361 0DC20DD6 2.5210
0DBB0ODDO 94.3277 0DC3 99.1596
0DBBODD1 95.5882 0DC30DCA 3.5714
0DBB0ODD2 93.067 0DC30DD2 1.8907
0DBB0DD3 91.3865 0DC30DD3 1.8907
0DBB0ODD4 1.6806 0DC30DD4 1.8907
0DBBODD6 0.4201 0DC30DD6 3.5714
0DBD 100.0 0DC4 99.5798
0DBDODCA 4.2016 0DC40DCA 4.2016
0DBD0DD2 7.9831 0DC40DD2 1.8907
0DBDODD3 7.1428 0DC40DD3 1.8907
0DBD0DD4 96.8487 0DC40DD4 2.1008
0DBDODD6 96.6386 0DC40DD6 1.8907
0DCO 99.7899 0DC5 98.3193
0DCO.rakar 0.4201 0DC50DCA 3.9915
0DCO.reph 2.5210 0DC50DD2 3.7815
0DCO0DCA 96.0084 0DC50DD3 2.5210
0DCOODCA .rakar 0.4201 0DC50DD4 97.0588
0DC00DD2 94.3277 0DCS50DD6 0.4201
0DCO00DD2.rakar 0.4201 0DC6 99.5798
0DC00DD3 94.3277 0DC6.rakar 1.8907
0DCO00DD3.rakar 0.4201 0DC60DCA 2.3109
0DC00DD4 1.8907 0DC60DCA .rakar 1.2605
0DC00DD6 1.8907 0DC60DD2 2.5210
0DCl1 99.5798 0DC60DD2.rakar 1.2605
0DC1 .rakar 3.7815 0DC60DD3 2.5210
O0DC10DCA 2.3109 0DC60DD3.rakar 1.2605
O0DC10DCA .rakar 2.9411 0DC60DD4 2.5210
0DC10DD2 3.3613 0DC60DD6 2.5210
0DC10DD2.rakar 3.1512 0DCA 95.5882
0DC10DD3 3.3613 0DCF 97.8991
0DC10DD3.rakar 55.4621 0DDO 100.0
0DC10DD4 2.9411 0DD1 98.5294
0DC10DD6 2.5210 0DD2 95.5882
0DC2 97.2689 0DD3 96.0084
0DC2.reph 2.5210 0DD4 96.0084
0DC20DCA 3.9915 0DD6 95.1680
0DC20DD2 2.5210 0DD8 99.5798




0DD9 100.0 2019 69.3277
ODDA 0.4201 201C 73.3193
0DDB 0.6302 201D 80.2521
0DDC 0.4201 half.nasal.stop 40.1260
0DDD 0.4201 rakar 94.5378
0DDD.sechalf 32.1428 repaya 94.7478
0DDE 0.4201 yansaya 98.1092
O0DDF 100.0 yansaya.reph 52.310
0DF2 0.6302 yansayaO0DD4 2.7310
ODF3 0.8403 yansaya0DD6 1.0504
2018 34.6638

XI







