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INTRODUCTION

Typography is the art of arranging type to make written
language legible, readable, and appealing when
displayed.

However, for the neophyte, typography is mostly
apprehended as the juxtaposition of characters
displayed on the screen while for the expert,
typography means typeface, scripts, unicode, glyphs,
ascender, descender, tracking, hinting, kerning,
shaping, weight, slant, etc.

Typography is actually much more than the mere
rendering of glyphs and involves many different
concepts.

A specimen sheet of typefaces and languages,
by William Caslon |, letter founder; dated 1734.
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ABCDEFG

ABCDEFGHI

ABCDEFGHIJK
ABCDEFGHIJKL
ABCDEFGHIKLMN
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dem abutere,
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Quoufque tanderns
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patientia noffra &

Two Lines Great Primer,

Quoulque tandem
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din nos etiam furor
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BAD KERNING (Keming

Disaster is a space away... (FLICK, click, CLINT, FINAL)

Rockstar game removed the extra space
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DIGITAL TYPOGRAPHY

Typography is a vast and complex domain with many rules.
You might consider to enforce some basic rules.

The Anatomy of Typography - Janie Kliever

~ The Anatomy of

bottom of stem,

main vertical stroke rests on Baseline

Ascender

Descender

curved stroke
attached to stem

extends below
the baseline

horizontal stroke not connected
to stem on at least one end

Serif

curved stroke
continuous with stem

Counter (Open/Closed)

where a stroke
meets a stem

short line/stroke on

open ends of letters short, downward stroke

Apex/Vertex Bowl

M

the top and bottom points
where two strokes meet

Open: partially enclosed Close
int

d: fully enclosed
interior white space

erior white space

Ball Terminal Aperture Cross Stroke

1

terminal that is
circular in shape

Terminal

L

extends across a stem

end of a stroke that’s
not a serif

opening at the end of
an open counter

Bar/Crossbar & Ligature

Created for

by Janie Kliever

embellishment that
connects a ligature

enclosed horizontal _ two or more letters
stroke joined as one character
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UNICODE

U . d . . . d d d f h 2A0 2A1 2A2 2A3 2A4 2A5 2A6 2A7 2A8 2A9 2AA 2AB 2AC 2AD 2AE 2AF
ni | mputing in r ndard for . -
cqesacoputg usty§taa ot.e O Ff>%xnoas>2s>20 4l
ConSIStent enCOdIng’ representatlon’ and handllng 2A00 2A10 2A20 2A30 2A40 2A50 2A80 2A70 2A80 2A90 2AA0 ABO 2ACO 2AD0 2AEQ 2AF0
of text expressed in most of the world's writing B f I x v Ay T LS << cdbk]
systems. The latest version pontamsarepertmre J® S+ x 0V I tx2Z2sx32DE 4
Of 1 59,801 CharaCterS COverlng 172 modern and 2A02 2A12 2A22 2A32 2A42 2A52 2462 2A72 2A8 2;2 20A2 ZA: 2AC2 z;n islzl 2AF2
. . . . . . T M A = < S I =~ . N
historic scripts, as well as multiple symbol sets. (W 7 T * 0 A v = s 3 <= ¢S54
e fs F & AV Q n= > 2 x > 2 2 4
Al Q|5 || uresn 19 +2YAp=5<2>3EcEH
00000041 | 000003A9 | 00008A9E | 00010384 (L 6+ & UTy = - >'s 9223k
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0041 03A9 8A9E D800 | DF84 San ®H/I#'EZ><’§23€£>
. N —
=E 1] X fi = AG X # <520 FC 0L
A Q D l:] ==— UT F _ 8 XKCD #,\ 9 53 2A1 i 2A29 2A39 2A49 2A59 2A69 AT9 -
41 | CE | A9 | EB AAT9E | FO |90 |8E |84 08" . \JHFT HAPPENED
1785  GTANDARD @SENP\TOR ANGUS KNG @ | | N THOSE THIRTY YEARS!
y "UNICODE: HINGS GOT
: : ‘QHOULD HELP REDUCE GREAT NEWS FOR "‘Q;“,.“’;;\T..“’Tiiﬁ\@ TA LITILE
UTF-8 (Unicode Transformation Format, RFC | peopes mugﬁ\lf{mBYY GETTNG ALOBSTER B0 e UERD OKAY?
. . . . @UNICOUE N
3629) is a variable width character encoding '}“ﬁ”ﬁﬂ%ﬁ% .»Sm?;mggg‘%‘;”ﬁm 1988 208 \ —\
. . | “
capable of encoding all 1,112,064 valid code ‘ (OURS TRULY, E %
points in Unicode using one to four 8-bit bytes oeNoR B €2
NG \\ e | 2AEE | 2AFE
p— el - I a - 7 |
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FAMOUS TYPEFACES (FONT FAMILIES)

G aramon d 1 1S ‘ on B asker VillC B O d OT11 l

Aa Qq Rr Aa Ee Rr a Q Aa Qq Rr

Aa Qq Ry Aa Ee Rr Aa Qg Rr
Jacquard — Nutgarden HORATII

abcdefghijklm abcdefghijklm abcdefghijklm

NOPQqrstuvwxyz nopqrstuvwxyz nopqrstuvwxyz

iy 0123456789
1495 1734 1757 1798

Gill Sans Times New Roman Helvetica Arial

Aa Qq Rr Aa Ee Rr Aa Ee Rr Aa Ee Rr

Aa Qg Rr Aq Ee Rr Aa Ee Rr Aa Ee Rr
Pubhisher Kunsthalle Deliverable

abcdefghijklm efghi um abcdefghijklm abcdefghijkim

Nopqrstuvwxyz | nopc J 1\ nopqrstuvwxyz nopqrstuvwxyz

0123456789
1926 1931 1957 1982




Bl ONE FONT TO RULE EM ALL

INTRODUCTION When text is rendered by a computer, sometimes characters are displayed as “tofu”. They are little
. Eé%ﬁy&?grﬁgmats boxes to indicate your device doesn't have a font to display the text. Google has been developing
 Text Rendering Pipeline a font family called Noto, which aims to support all languages with a harmonious look and feel.

Noto(fu) is Google's answer to tofu.
PART | : TEXTURE BASED

- Rasterization
- Fast & Versatile (but ugly)
» Fast & Beaufitul (but only 2D)

L
EH -6 BB (K
PART Il : DISTANCE BASED TN N1 TS

- Signed Distance Fields
» Single Channel

» Arc approximation
» Multiple Channels

P I : G B | /= e lri= , 5
A-\RBTézier cEgll\enngglyp?zED %iﬁz/ = 'Tj’./__lj n/A] g773 % ‘3:/@ 7\ K 7| A2 4]
Gy e FEAT EEZE Mondr: [xue
y oniy _ : X = \

CONCLUSION HRERR BiA7E RHHsET L=7|2
B d this talk — Vi Sl R 2l 0 L
. Qi}fla?s[t]ionslz :nswers EE§|J§k ﬁi%ﬂ( 2= 7:’" bt '—H—I-Ol:g

ERE2F EFHER BFAOHEL 1NEET
JUWER GYCLES MEZE #ERER SHBXT 7]/s2H%

5 9 c3 012345678 ERES HFBERAX RIFRLC X|pict
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RS BASIC TYPOGRAPHY

INTRODUCTION

- Digital Typography

* Font Types & Formats

» Text Rendering Pipeline
PART | : TEXTURE BASED

« Rasterization

+ Fast & Versatile (but ugly) Kerning is the process of adjusting A ligature occurs where two or more graphemes
* Fast & Beaufitul {but only 2D) the spacing between characters in or letters are joined as a single glyph.
PART Il : DISTANCE BASED a proportional font.

- Signed Distance Fields

» Single Channel
« Arc approximation | ————
* Multiple Channels

PART lll : GEOMETRY BASED

: (Bgizuie}r.curc}/les & glyphs | I } A diacritic mark is a glyph added to a letter,
. riendly

. GPU only or basic glyph.

C?NBCeLylé?llg?hiS . ‘\\—JJ I\\—JJ ascent ascender height
«—Questions & answers cap height S ®
EEEEEEEENEEEEEE I A - mean line median x-height
DOWER CYCLES Hinting is the use of instructions to paseline phJ‘D‘LL
adjust the display of a font so that descent descender height
5 9 c3 it lines up with a rasterized grid. A various number of face metrics are defined

for all glyphs in a given font.

10/60




Rl /\DVANCED [YPOGRAPHY

INTRODUCTION
- Digital Typography
* Font Types & Formats a oo H oo Q' oot Z{

» Text Rendering Pipeline ~° S‘ " ‘
PART | : TEXTURE BASED Lﬁ “« o ) : ¢ u.
- Rasterization

- Fast & Versatile (but ugly) . . .
. Fast & Beaufitul (but only 2D) Text shaping is the process of converting Unicode

text to glyph indices and positions. \

PART |l : DISTANCE BASED
- Signed Distance Fields

- Single Channel 7 / Complex text layout (CTL) refers to
: ﬁﬂfﬁ?&per%ﬂ;nnanté?sn W —~ the typesetting of writing systems in
which the shape or positioning of a

PART Il : GEOMETRY BASED grapheme depends on its relation to

» Bézier curves & glyphs o :
* GPU friendly Stylistic alternate allows to replace other graphemes (wikipedia).

» GPU only a glyph by some variant.

CONCLUSION
<-Beyond this talk

«—Questions & answers The -ti-tle iS 9‘.‘.\\9'” ‘):\ﬁLg,Q CL:.é.Q in ArabiC- ga

JUWER GYCLES

The set of rules applied to produce the correct order at the time
of display are described by the Unicode Bidirectional Algorithm.

/60




BN - ONT FORMATS

INTRODUCTION Types
: E(')%'F’T'ygﬁogrﬁgmats Type 1(.pfm, .pfb): glyphs are described with cubic Bézier curves
. Text Rendering Pipeline True Type (.ttf): glyphs are described with quadratic Bézier curves
| Open Type (.otf): glyphs are described with quadratic or cubic Bézier curves
PART 1 T EXTURE BASED Web Open Font (.woff): compressed TrueType or Open Type

+ Fast & Versatile (but ugly) And many more actually...
» Fast & Beaufitul (but only 2D)

PART Il : DISTANCE BASED
- Signed Distance Fields
» Single Channel
» Arc approximation
* Multiple Channels

PART Ill : GEOMETRY BASED Q Q
» Bézier curves & glyphs

» GPU friendly
+ GPU only

o o is ol PostScript Outlines TrueType Outlines

«—Questions & answers

Cubic Bézier curves Quadratic Bézier curves

JUWER GYCLES
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The Missing Guide to Font Formats
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BRRENEE ANATOMY OF A GLYPH

INTRODUCTION Vector fonts are collections of vector images, consisting of lines and curves defining the

- Digital Typography s : : . . :
. Font Types & Formats boundary of glyphs (wikipedia). Type 1 and Type 3 Postscript fonts are described with cubic

. Text Rendering Pipeline Bézier curves. Truetype fonts are described with quadratic Bezier curves.
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FONT TABLES

Open Type Tables
BASE: Baseline data
CMAP: Character to glyph mapping
GDEF: Glyph definition data

GSUB: Glyph substitution data
Single: Replaces one glyph with one glyph.
Multiple: Replaces one glyph with more than one glyph.
Alternate: Replaces one glyph with one of many glyphs.
Ligature: Replaces multiple glyphs with one glyph.
Context: Replaces one or more glyphs in context.

Chaining: Replaces one or more glyphs in chained context.

GPOS: Glyph positioning data
JSTF: Justification data

and many more...

Libraries
FreeType (standard support without text shaping)
— https://www.freetype.org

HarfBuzz (advanced support with text shaping)
— https://harfbuzz.github.io

mm Type Project



https://harfbuzz.github.io
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INTRODUCTION
- Digital Typography Near the end of the last century (1997), Mark

- Font Types & Formats Kilgard introduced a simple OpenGL-based AP

» Text Rendering Pipeline
for texture mapped text.
PART | : TEXTURE BASED

. Rasterization The method packed many rasterized glyphs

+ Fast & Versatile (but ugly) into a single alpha-only texture map and used a

> U BRI (Uo7 AL) lookup table to assign texture coordinates to a
PART Il : DISTANCE BASED quadrilateral to extract a glyph when rendering.

- Signed Distance Fields
» Single Channel

» Arc approximation

* Multiple Channels
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» GPU friendly
 GPU only
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Image by Daniel Ullrich
commons.wikimedia.org/wiki/User:Threedots
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2D RASTERIZATION

Same input, different outputs
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FreeType Native CFF Rasterizer
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FreeType Light Auto Hint Rasterizer

p _ - / = = = R =y — Lorem ipsum dolor sit amet, consectetuer adipisci elit. Cras sit amet dut. Nam sapien. Fusce
AvEa1—RIckd OKV (FERE. BAE. EEE. NMFLAE) 7FX MR, i i AT =3 e
vestibulum ornare metus. Maecenas ligula orci, consequart vitae, dictum nec, lacinia non, elit. Aliquam

SN MSREF JLAR T, (intrioa) (- 2 > [=[44 | FN[—F¢ O :
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FreeType using the New Adobe CFF Rasterizer (2013)

Quartz Rendering ClearType Rendering

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Duis Lorem ipsum dolor sit amet, consectetur adipiscing elit. Duis
facilisis varius elementum. Proin cursus posuere mollis. Vivamus id facilisis varius elementum. Proin cursus posuere mollis. Vivamus
justo nec massa convallis dapibus. Praesent a arcu augue, pretium 1d Justo nec massa convallis dapibus. Praesent a arcu augue,
commodo elit. Cum sociis natoque penatibus et magnis dis pretium commodo elit. Cum sociis natoque penatibus et magnis
parturient montes, nascetur ridiculus mus. dis parturient montes, nascetur ridiculus mus.



SR SUBPIXEL Z00 (GEOMETRIAN.COM)

INTRODUCTION
- Digital Typography
* Font Types & Formats
» Text Rendering Pipeline

PART | : TEXTURE BASED
- Rasterization
» Fast & Versatile (but ugly)
» Fast & Beaufitul (but only 2D)

PART Il : DISTANCE BASED
- Signed Distance Fields
» Single Channel
» Arc approximation
* Multiple Channels

PART Il : GEOMETRY BASED
» Bézier curves & glyphs
» GPU friendly
+ GPU only

CONCLUSION
<-Beyond this talk
«—Questions & answers

JUWER GYCLES

SIS

18760



https://geometrian.com/resources/subpixelzoo/

THE ART OF TEXT RENDERING
N.P. ROUGIER & B. ESFAHBOD

2D RASTERIZATION

Gamma correction, hinting, energy distribution, etc.

INTRODUCTION

- Digital Typography
* Font Types & Formats
» Text Rendering Pipeline

PART | : TEXTURE BASED
- Rasterization
» Fast & Versatile (but ugly)
» Fast & Beaufitul (but only 2D)

PART Il : DISTANCE BASED
- Signed Distance Fields
» Single Channel
» Arc approximation
* Multiple Channels

PART Il : GEOMETRY BASED
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» GPU friendly
+ GPU only

The quick brown fox jumps over the lazy dog.
The quick brown fox jumps over the lazy doqg.
The quick brown fox jumps over the lazy dog.
The quick brown fox jumps over the lazy doqg.
The quick brown fox jumps over the lazy doag.
The quick brown fox jumps over the lazy dog.
The quick brown fox jumps over the lazy doag.

The quick brown fox jumps over the lazy doaqg.
The quick brown fox jumps over the lazy doqg.
The quick brown fox jumps over the lazy dog.
The quick brown fox jumps over the lazy dog.
The quick brown fox jumps over the lazy dog.
The quick brown fox jumps over the lazy dog.

0123456789.
0123456789.
0123456789.
0123456789.
0123456789.
0123456789.
0123456789.
0123456789.
0123456789.
0123456789.
0123456789.
0123456789.
0123456789.

No hinting

vvvvvvvvvvvvvvv

The quick brown fox jumps over the lazy dog.
The quick brown fox jumps over the lazy dog.
The gquick brown fox jumps over the lazy dog.
The guick brown fox jumps over the lazy dog.

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789
A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

The quick brown fox jumps over the lazy dog. 0123456789.
CONCLUSION . _ _ Native hinting
<-Beyond this talk The quick brown fox jumps over the lazy dog. 0123456789. "7 A Quick Brown Fox Jumps Over The Lazy Dog 0123456759
_ The quick brown fox jumps over the lazy dog. 0123456789. A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

«—Questions & answers The quick brown fox jumps over the lazy dog. 0123456789. igtiicct *3Brr°c)':”_?nFFOgXJ;S;ﬁssogj;:QieLaLQ;D%%glc?f;gigsé?’?sq
The QU!Ck brown fox jumps over the Iazy dog' 0123456789. A Quick Brown Fox Jumps Over The ZazydDog 0123456789
The quick brown fox jumps over the lazy dog. 0123456789. A Quick Brown Fox Jumps Over The Lazy Dog 0123456789
The quick brown fox jumps over the lazy dog. 0123456789. A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

DOWER CVGLES The quick brown fox jumps over the lazy dog. 0123456789. A Quick Brown Fox Jumps Over The Lazy Dog 0123456789

The quick brown fox jumps over the lazy dog. 0123456789. A Quick Brown Fox Jumps Over The Lazy Dog 0123456789
The quick brown fox jumps over the lazy dog. 0123456789. A Quick Brown Fox Jumps Over The Lazy Dog 0123456789
The quick brown fox jumps over the lazy dog. 0123456789. A Quick Brown Fox Jumps Over The Lazy Dog 0123456789
The QU!Ck brown fox !umpS over the Iazy dog 0123456789. A Quick Brown Fox Jumps Over The Lazy Dog 0123456789
The quick brown fox jumps over the lazy dog. 0123456789. A QUiCk Brown Fox JumpS Over The Lazy Dog 0123456789
The quick brown fox jumps over the lazy dog. 0123456789. :
The quick brown fox jumps over the lazy dog. 0123456789. | A Quick Brown Fox Jumps Over The Lazy Dog 0123456789
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INTRODUCTION
- Digital Typography
* Font Types & Formats
» Text Rendering Pipeline

Kilgard (1997) A Simple OpenGL-based API for Texture Mapped Text

Texture mapping is well suited for rendering text because textures can be rendered quickly with
current 3D hardware and even via clever programming of today's fast CPUs. Textures can be

SR L T URE BASED stretched. rotated, scaled, and even projected (assuming the texture mapping is perspective
+ Fast & Versatile (but ugly) correct) so that texture mapped text looks reasonable in 3D scenes.
» Fast & Beaufitul (but only 2D)
PART Il : DISTANCE BASED Eé%é
- Signed Distance Fields
- Single Channel t#r |
» Arc approximation §
* Multiple Channels 6%1’

PART Il : GEOMETRY BASED < |
» Bézier curves & glyphs ng g _LJP, /0‘1
» GPU friendly g " i
- GPU onl
y Kﬁ (\l Kﬁ!
CONCLUSION
<-Beyond this talk

«—Questions & answers

The Quick brown
jumps over the lazy dog.

Now is the time for all good men to come to the aid of the party.
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https://github.com/rougier/freetype-gl
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INTRODUCTION
- Digital Typography
* Font Types & Formats
» Text Rendering Pipeline

Rougier (2013) Higher Quality 2D Text Rendering

When displaying text on low-resolution devices (DPI < 150), one typically has to decide if one
wants to respect the pixel grid (e.g., Cleartype technology / Microsoft / native hinting) for crisp

P’,‘Rga's; eT”EZ’;L‘(’)';E BASED rendering or, to privilege glyph shapes (Quartz technology / Apple / no hinting) at the cost of

+ Fast & Versatile (but ugly) blurring. There is, however, a third way that may combine the best of the two technologies
 Fast & Beaufitul (bUt onIy ZD) (vertlcal hlntlng)

PART Il : DISTANCE BASED
- Signed Distance Fields
» Single Channel
» Arc approximation
* Multiple Channels

lllllllllllllll

lllllllllllllllllllllllllllllllllllllllllllll

PART Il : GEOMETRY BASED
» Bézier curves & glyphs
» GPU friendly
+ GPU only

CONCLUSION
<-Beyond this talk
«—Questions & answers
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5 9 c3 B No hinting| | Native hinting|] Auto hinting] —[Vertical hinting
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BN | EXTURE FONT |

INTRODUCTION
- Digital Typography
* Font Types & Formats

Rougier (2013) Higher Quality 2D Text Rendering

. Text Rendering Pipeline . Jse horizontal RGB sub-pixel anti-aliasing for LCD flat panels.
- ii.  Use vertical hinting only and completely discard the horizontal one.

ART 1 . | EXTURE BASED .

. Rasterization iii.  Use accurate glyph advance values from unhinted glyph

+ Fast & Versatile (but ugly) iv.  Use accurate, high resolution values from the kerning table.

» Fast & Beaufitul (but only 2D)

PART Il : DISTANCE BASED
- Signed Distance Fields
» Single Channel
» Arc approximation

: A Quick Brown Fox|Jumps Over The Lazy Dog
* Multiple Channels A Quick Brown Fox|Jumps Over The Lazy Dog
. A Quick Brown Fox|Jumps Over The Lazy Dog lll | l o
. A Quick Brown Fox|Jumps Over The Lazy Dog I I I I
PART lll : GEOMETRY BASED A Quie 'k Brown Fox|Jumps Over The Lazy Dog | l'"' | o8 ll
, . A Quick Brown Fox Jumps Over The Lazy Dog . . 2 .
» Bézier curves & glyphs A Quick Brown Fox Jumps Over The Lazy Dog
. GPU friend| A Quick Brown Fox Jumps Over The Lazy Dog l‘ = 1 i} - .
rienaty A Quick gr“v in ch Im" 8 ver 1T_;:n: Lazy Dog I I I | | I i li a B FI I i L'
. A Quick Brown Fox Jumps Over The Lazy Dog H
GPU only A gur:-: Erw vn fF:c;( umps %w tr‘v tchv 800 S " | - ‘ - “
. A QUICK Brown Fox jumps er e Laz\ 0g 1
.. A Quick Brown Fox Jumps :)tc r The La.., Dog H . o - .
CONCLUSION |... A Quick Brown Fox Jumps Over The Lazy Dog I I_J FI I il I F| I I .
* Beyond this talk & Quick Browh Fox Jumps Over The Lazy Dog «nw A '-|l JR%S L ol
«—Questions & answers .. A Quick Brown Fox Jumps Over The Lazy Dog | i

| --\ Quick Brown Fox Jumps Over The Lazy Dyg
A Quick Brown Fox Jumps Over The Lazy Dog
Al Juf Qrcx n Fox Jumps Over The Lazy Dog

. A Quick Brown Fox Jumps Over The Lazy Dog SS—

C I-:Z
n e [ i -
Duick Brown Fox
umps Over The Lazy Dog ¥ L

JUWER GYCLES & Quick Brown Fox Jums Over The Lazy Dog -

L - | m] I | ' |
|... A Quick Brown Fox Jumps Over The Lazy Dog I I I l o i I H l i I .l
H Quick Brown Fox Jumps Over The L--u',' Dog T o l m k "l e
.. A Quick Brown Fox Jumps Over The Lazy ¥ . h - - - el -
... A Quick Brown Fox Jumps Over The L:::' Dog |
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PART I

Distance based rendering takes advantage of a
signed distance function (that can be
approximated) to compute the individual
coverage for each pixel.

The coverage can be selected to implement

various effects (stroke, thinner, thicker, shadow,
etc)

Work & image by Xavier Casalta

casaltaxavier.com | =%



http://casaltaxavier.com

Bl ) ISTANCE BASED RENDERING

INTRODUCTION Distance based rendering takes advantage of a signed distance function (that can be

: Eé%‘fﬂygizogfggrfxats approximated) to compute the individual coverage for each pixel. The coverage can be

. Text Rendering Pipeline selected to implement various effects (stroke, thinner, thicker, shadow, etc)

PART | : TEXTURE BASED

» Rasterization

» Fast & Versatile (but ugly)

» Fast & Beaufitul (but only 2D)
PART Il : DISTANCE BASED

- Signed Distance Fields

- Single Channel

» Arc approximation
* Multiple Channels

| I | . | > | i +—

PART IIl : GEOMETRY BASED — 0 + — 0 i _ 0 +

» Bézier curves & glyphs

» GPU friendly
+ GPU only
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IR COMPUTING SDF

Gustavson & Strand (2011) Anti-Aliased Euclidean distance transform

INTRODUCTION
- Digital Typography

* Font Types & Formats : : : : ..
. Text Rendering Pipeline We present a modified distance measure for use with distance transforms of anti-aliased, area

sampled grayscale images of arbitrary binary contours. The modified measure can be used in any
PART L TEXTURE BASED vector-propagation Euclidean distance transform. Our test implementation in the traditional
+ Fast & Versatile (but ugly) SSEDS8 algorithm shows a considerable improvement in accuracy and homogeneity of the
 Fast & Beaufitul (but only 2D) distance field compared to a traditional binary image transform.

PART |l : DISTANCE BASED

* Signed Distance Fields See also http://contourtextures.wikidot.com
- Single Channel
» Arc approximation

* Multiple Channels

PART Il : GEOMETRY BASED
» Bézier curves & glyphs
» GPU friendly
+ GPU only
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THE ART OF TEXT RENDERING

UEmEASEE SINGLE CHANNEL SDF

INTRODUCTION
- Digital Typography
* Font Types & Formats

. Text Rendering Pipeline A distance field is generated from a high resolution image, and then stored into a channel of a
lower-resolution texture. In the simplest case, this texture can then be rendered simply by using
the alpha- testing and alpha-thresholding feature of modern GPUSs, without a custom shader. This

PART | : TEXTURE BASED
« Rasterization

+ Fast & Versatile (but ugly) allows the technique to be used on even the lowest-end 3D graphics hardware. With the use of

+ Fast & Beaufitul (but only 2D) programmable shading, the technique is extended to perform various special effect renderings,
PART Il : DISTANCE BASED including soft edges, outlining, drop shadows, multi-colored images, and sharp corners.

- Signed Distance Fields

- Single Channel

» Arc approximation
* Multiple Channels

PART lll : GEOMETRY BASED
+ Bézier curves & glyphs Alpha tested (shader)

» GPU friendly
+ GPU only

CONCLUSION
<-Beyond this talk
«—Questions & answers
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R SDF: MULTIPLE CHANNELS

Chlumsky (2015) Shape Decomposition for Multi-channel Distance Fields
» Bézier curves & glyphs

» GPU friendly

- GPU only Edge Coloring Plane partioning Decomposition Inner padding Padded Decomposition

C?Ngel_yli)snlg l’?hisz; talk
-—Questions & answers
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PART lll : GEOMETRY BASED
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- Digital Typography
* Font Types & Formats
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Texture Single channel SDF Multi channel SDF




THE ART OF TEXT RENDERING

N.P. ROUGIER & B. ESFAHBOD PA RT I I I

INTRODUCTION . o .
- Digital Typography Charles Loop and Jim Blinn introduced in 2005

* Font Types & Formats a new approach for resolution-independent
rendering of quadratic and cubic spline curves.

» Text Rendering Pipeline

PART | : TEXTURE BASED

- Rasterization :
. Fast & Versatile (but ugly) By tessellating a glyph the proper way, they

+ Fast & Beaufitul (but only 2D) offered de facto a method for resolution
BarT Il - DISTANGE BASED independent rendering of a glyph with good

- Signed Distance Fields rendering qua“tY-

» Single Channel
» Arc approximation
* Multiple Channels

PART |l : GEOMETRY BASED
» Bézier curves & glyphs
» GPU friendly
 GPU only

CONCLUSION
<-Beyond this talk
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Image by Black[Foundry]
black-foundry.com



https://black-foundry.com

ARt (GPU FRIENDLY

Loop & Blinn (2005) Resolution Independent Curve Rendering

INTRODUCTION
- Digital Typography

* Font Types & Formats : : : :
. Text Rendering Pipeline We present a method for resolution independent rendering of paths and bounded regions, defined

| by quadratic and cubic spline curves, that leverages the parallelism of programmable graphics
PART L TEXTURE BASED hardware to achieve high performance. Our result is a mechanism for rendering vector geometry
+ Fast & Versatile (but ugly) that has the following properties: resolution independence, compact geometric representation,
» Fast & Beaufitul (but only 2D) hlgh performance

PART Il : DISTANCE BASED
- Signed Distance Fields
» Single Channel
» Arc approximation
* Multiple Channels

PART |l : GEOMETRY BASED
» Bézier curves & glyphs
» GPU friendly
 GPU only

CONCLUSION
<-Beyond this talk
«—Questions & answers
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ARt (GPU FRIENDLY

Loop & Blinn (2005) Resolution Independent Curve Rendering

INTRODUCTION
- Digital Typography
* Font Types & Formats
» Text Rendering Pipeline

We determine if the pixel is inside or outside the curve by evaluating f(u, v) = u? - v in a pixel

shader program. If f (u, v) < 0 then the pixel is inside the curve, otherwise it is outside.
PART | : TEXTURE BASED

- Rasterization

» Fast & Versatile (but ugly)

» Fast & Beaufitul (but only 2D) (1 1] b bz
1

PART Il : DISTANCE BASED
- Signed Distance Fields
» Single Channel
» Arc approximation
* Multiple Channels

PART lll : GEOMETRY BASED
» Bézier curves & glyphs

« GPU friendly
 GPU only :
[0 O] [5 O]
CONCLUSION 2 bo
<-Beyond this talk
+—Questions & answers Canonical Texture Space Screen Space

JUWER GYCLES

See also
5 9 c3 ‘Rendering Vector Art on the GPU" (Charles Loop & Jim Blinn, GPU Gems 3, Chapter 25)

“Easy Scalable Text Rendering on the GPU” (Evan Wallace Medium)

3160


https://developer.nvidia.com/gpugems/GPUGems3/gpugems3_ch25.html
https://medium.com/@evanwallace/easy-scalable-text-rendering-on-the-gpu-c3f4d782c5ac

ARt (GPU FRIENDLY

Kokojima et al (2006) Resolution Independent Rendering of Deformable Vector Objects

INTRODUCTION
- Digital Typography

* Font Types & Formats : . : : :
. Text Rendering Pipeline This sketch presents a new method for resolution independent rendering of vector images

suitable for programmable graphics hardware. We have enhanced a previous method [Loop and
Blinn 2005] by using a stencil buffer and transparency multisampling.

PART | : TEXTURE BASED
- Rasterization
» Fast & Versatile (but ugly)
» Fast & Beaufitul (but only 2D)

PART Il : DISTANCE BASED
- Signed Distance Fields
» Single Channel
» Arc approximation
* Multiple Channels

PART lll : GEOMETRY BASED
» Bézier curves & glyphs

» GPU friendly _
* GPU only ' Vector Line-Edged Stencil |
: Object Triangle Fans | image :
CONCLUSION. ' (Figure 1(a)) Figure 100 ¢ Jle o aurrar Figure 10) [ coror Bufer |
° Beyond this talk | > Triangulation | tencil Butter > olor buter |
«—Questions & answers : | Processing Processing | |
! Curve-Edged | !
! Triangles ! Alpha :
JUWER CYCLES i (Flgure 1) 1 | Alpha mage | Alphato |
5 9 c3 ! ' | Assignment Coverage |
» > < <

CPU Process GPU Process
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ARt (GPU FRIENDLY

Kokojima et al (2006) Resolution Independent Rendering of Deformable Vector Objects

INTRODUCTION
- Digital Typography

* Font Types & Formats : . : : :
. Text Rendering Pipeline This sketch presents a new method for resolution independent rendering of vector images

suitable for programmable graphics hardware. We have enhanced a previous method [Loop and
Blinn 2005] by using a stencil buffer and transparency multisampling.

PART | : TEXTURE BASED
- Rasterization
» Fast & Versatile (but ugly)
» Fast & Beaufitul (but only 2D)

PART Il : DISTANCE BASED
- Signed Distance Fields
» Single Channel
» Arc approximation
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GPU ONLY

Lengyel (2017) GPU-Centered Font Rendering Directly from Glyph Outlines

This paper describes a method for rendering antialiased text directly from glyph outline data on
the GPU without the use of any precomputed texture images or distance fields. This capability is
valuable for text displayed inside a 3D scene because, in addition to a perspective projection, the
transform applied to the text is constantly changing with a dynamic camera view. Our method
overcomes numerical precision problems that produced artefacts in previously published
techniques and promotes high GPU utilization with an implementation that naturally avoids
divergent branching.

See demo at sluglibrary.com
See also GPU-Centered font rendering & GPU font rendering

Font Sample Complexity Time

Aria ABCDEFG 0 | Lims

Centaur ABCDEFG 48 1.3 ms

Halloween ABC O £ FC 72 3.8 ms

Wildwood AE@@EF@‘ 546 13.3 ms



http://sluglibrary.com
http://terathon.com/i3d2018_lengyel.pdf
http://terathon.com/font_rendering_sota_lengyel.pdf
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Walton (2017) Pathfinder, a fast GPU-based font rasterizer in Rust

“Today I'm pleased to announce Pathfinder, a Rust library for OpenType font rendering. The goal is
nothing less than to be the fastest vector graphics renderer in existence, and the results so far are
extremely encouraging. Not only is it very fast according to the traditional metric of raw
rasterization performance, it’s practical, featuring very low setup time (end-to-end time superior to
the best CPU rasterizers), best-in-class rasterization performance even at small glyph sizes,
minimal memory consumption (both on CPU and GPU), compatibility with existing font formats,
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portability to most graphics hardware manufactured in the past five years (DirectX 10 level), and

security/safety.”
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\ ;) - This article does not cite any sources. (February 2012)
. This article consists almost entirely of a plot
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(February 2012)

"Pathfinder" is the tenth episode of the sixth
season of the science fiction television series Pathfinder

Star Trek: Voyager, 130th episode overall. It Star Trek: Voyager episode
features the characters Reginald Barclay and Episode no. Season 6

Deanna Troi from Star Trek: The Next Episode 10
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CONCLUSION

Many available techniques. Choice is dependent
of usage (2D or 3D, dynamic or static, memory vs
speed vs accuracy, etc).

PathFinder 3, Slug library and MSDF seem to be
the main players in 2025. Loop & Blinn still
competitive.

Hinting and anti-aliasing still needed until we (all)
get screen with dpi > 600.

Complex text layout is (really, really) difficult, you
don't want to do it yourself: harfbuzz.github.io

Lot of patents around !

Television typography by Offstock
www.flickr.com/photos/126275939@N05



https://harfbuzz.github.io/
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QUESTIONS?

- Where to find good fonts? ,

* When does cleartype patent end ? Not clear (ha ha)
- Are hinting and aliasing still needed?

- What are the most complete font families? ,

- How many languages in the world? Around 7000

- How many scripts in latest unicode (17.0)? 172

- How many characters in latest unicode (17.0)? 159,801

» |s Calibri woke ? Trump thinks so yes (really).

- What are variable fonts? See Bernd's talk tomorrow!

- Are there any open source tools to design fonts?

- Why “ff" & “fi” disappear when | copy text ?

- Should | apply AA before or after gamma correction?

* Is there really a movie about Helvetica ? Yes.

» Should | stay or should | go? stay (a few more minutes)

Any other questions?

should I use
comic sans?

will your document be
viewed by the public?

yes no

J

don’t use
comic sans!



http://dafont.com
https://fontsquirrel.com
http://filmicworlds.com/blog/no-its-not-a-retina-display/
https://en.wikipedia.org/wiki/Noto_fonts
https://en.wikipedia.org/wiki/DejaVu_fonts
https://fontforge.github.io/en-US/
https://en.wikipedia.org/wiki/Typographic_ligature
http://blog.johnnovak.net/2016/09/21/what-every-coder-should-know-about-gamma/

