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Render Khmer needs HarfBuzz+Freetype

Freetype: font rasterization engine . Give a codepoint can render to a
bitmap and draw parameters

HarfBuzz: Char layout engine(shaping). Convert Unicode text to glyph
indices and positions
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Font File

Font files contain one or more fonts that can be accessed by the operating system and applications.
Include char layout and char image.

Common font files. .ttf .otf .woff .fnt ...
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How Freetype draw text

Get char bitmap and draw Parameter by codepoint(Unicode 16)
FT _EXPORT(FT _Error ) FT Load Char(FT_Face face, // font file & return glyph

FT ULong char_code, // unicode
FT_Int32 load_flags ); // Params
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Draw Text With Glyph Metrics
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How Mapbox manage glyph

https://github.com/mapbox/glyph-pbf-composite/blob/master/proto/glyphs.proto

message glyph {
required uint32 id = 1;

/I A signed distance field of the glyph with a border of 3 pixels.
optional bytes bitmap = 2;

I/l Glyph metrics.
required uint32 width = 3;
required uint32 height = 4;
required sint32 left = 5;
required sint32 top = 6;
required uint32 advance = 7;
}
message fontstack ...
message glyphs ...
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https://github.com/mapbox/glyph-pbf-composite/blob/master/proto/glyphs.proto

Draw Text With Glyph PBF
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Shaping

Just use freetype(or glyphpbf) can’t render Khmer correctly.
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Some scripts need special layout, which is called shaping.

Grao
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Why Freetype can’t draw Khmer

Khmer has combine and transform, 2 Codepoint can combine into a new glyph.
And can even change the previous glyph.

BJ B O =6y
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The mutated glyphs exist in the font file

1. In unicode Khmer has only 114 code point:
https://en.wikipedia.org/wiki’/Khmer_(Unicode_block)

2. The fontfile “NotoSansKhmer-Regular’ has 114 codepoint to load, but it has 362 glyphs

3. Freetype Can load these glyph by index
FT_EXPORT( FT_Error)
FT Load_Glyph(FT_Face face, // font and return value
FT_Uint glyph_index, /I Glyph index in font file.
FT_Int32 load_flags );
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https://en.wikipedia.org/wiki/Khmer_(Unicode_block)

Glyph position can be determined by the previous codepoint

Bl position may change from font setting:

1. fliﬁ—)ﬁrj;
2. ﬂ,ﬂ+ﬁ—>ﬂﬁﬂ

So B position is adjusted by LN and make it looks like
align to center.
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How HarfBuzz work
/I Source Code: https://github.com/tangrams/harfbuzz-example
/I Setup harfbuzz
hb_buffer_reset(buffer);

I set text
hb_buffer_add_utf8(buffer, text.c_data(), length, 0, length);

/I harfbuzz shaping
hb_shape(font, buffer, features.empty() ? NULL : &features[0], features.size());

/I Get Harfbuzz adjustion

unsigned int glyphCount;

hb_glyph_info_t *glyphinfo = hb_buffer_get glyph_infos(buffer, &glyphCount);
hb_glyph_position_t *glyphPos = hb_buffer_get_glyph_positions(buffer, &glyphCount);

for(inti = 0;i < glyphCount; ++i) {
/I Load glyph by freetype via index
Glyph* glyph = lib->rasterize(face, glyphinfo[i].codepoint);

__._II'glyphPos]i].x_offset & y_offset is position adjustion
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https://github.com/tangrams/harfbuzz-example

Some example

NSt s
32 45 226 46 122(-1.09,-0.703) 59 29 203 132(-0.0938,0.719) 53

gaNIMET st
26 40 175(-7.28,-0.625) 107 260 44 83(-0.781,-0.703) 108 59 45 32 132(-0.859,0.719) 53

iy
34 35 165(0.484,-0.625)
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Mapbox issue: font pbf file

As A cross platform map engine. Mapbox use a workaround to remove the
dependency to Freetype, and make it's possible to draw font in JS.

]

}
}I
"sprite": " styles/mono/sprite",
"glyphs": " fonts/{fontstack}/{range}.pbf",
"layers": [
{
"id": "background",
"type": "background",
"paint": {
"background-color": "#f5f5f5"
}
}
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Mapbox lack

1.  No way to load extra glyph( only unicode code point , no index).
2. No complex char layout.

Mapbox font pbf just the codepoint’s glyph load from font file.
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How GrabMap fix this

—

Support download font files

Extend GlyphlID, Add Font Type , eg. 0: Font pbf, 1: Khmer

Use Harfbuzz process text, use the result (Glyph index in font file) as Glyph ID, make
offset by the way.

Use Freetype —render glyph bitmap (24 pcx), and transform the bitmap to SDF.
Khmer skip default shaping(BiDi, Arabic) layout (harfbuzz done it already)

Use Glyph index and offset draw text.

N

2
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Support download font file from tile sever

Support download font file from server

}
}l
"sprite": "https:// /styles/nav-day/sprite",
"glyphs": "https:// /fonts/{fontstack}/{range}.pbf",
|“fonts": "https://mu i ~ = = [/fonts/{fontstack}/{language}.ttf",
"layers": [

{
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Extend Glyph ID

enum GlyphIDType : short {
FontPBF = 0x00,
Khmer = 0x01,
Myanmar = 0x02
I3
// using GlyphID = char16_t; // Mapbox original GlyphlD
union GlyphID {
char32_t hash;
struct {
char16_t code;
GlyphIDType type;
} complex;
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Origin Text Layout Struct of Mapbox

ont PBF(pre-rendere
glyph bitmap)

Gra

®)

|

A

TileParser

(—)ﬁ

Other Tile Data
parser SymbolLayout
111
Parse Font PBF j¢———

Text Rendering
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GrabMap Text Layout structure

Gra

®)

ont PBF(pre-rendere:
glyph bitmap)

ile Fonts(.ttf files)

TileParser

J—%

Other Tile Data
parser

SymbolLayout

Is Complex

(—/

—Complexl'l'ext {—/

Parse Font PBF |[¢—

HarfBuzzFreeType

Text Rendering
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Extend TaggedString
Struct SectionOptions
FontStack fontStack; // we must know the font stack to support Harfbuzz shaping

GlyphlDType type; [/ String type
std::shared_ptr<std::vector<HBShapeAdjust>> adjusts; // offset by Harfbuzz

|8

struct TaggedString {
std::vector<SectionOptions> sections;

|

Gf@@ Confidential - For Internal Use Only - 21



Filter Out The Complex Sub-String as independent section

Section Type:Khmer

AY

ﬁgt’n\nCambOdia

Will use harfbuzz
to shaping.
dependency is
Khmer.ttf

Section Type: pbf
\n

Grao

Change line for
layout

Section Type: pbf
Cambodia

Will download pbf
dependency is
Unicode code
point
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PBF Text Layout Sequence

Text Layout

SymbolLayout

Grao

GlyphManager

Create Gyph Dependency

Check Memory cache

Glyph available

>

Local Cache/

HTTP

Download PBF from Tile Server
(If the glyph not exsit in cache)

Glyph PBF downloaded

A

Text Layout complete

Cache to memory
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Complex Text Layout Sequence

Local Cache/
SymbolLayout GlyphManager HTTP

.Text Layout

Create Complex Glyph Dependency

Check If Harfbuzz/Freetype Instanced Download Font File from Tile Server

(If the Font file not exsit in cache)

A 4

Font File Downloaded

Instance the Harbuzz/Freetype Instance

Shaping via HarfbuzzText

Create Glyph Image/Infos via Freetype
Convert image to SDF format

.___________I

Complex Glyph dependnecy available

°

Text Layout complete

Grao

Confidential - For Internal Use Only - 24



Effect
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Effect
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Effect
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Effect
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Effect
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Effect

[ XN ] Mapbox GL
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Effect

Grao
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Effect
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WASM

Fortran ==

Haskell -»

Grao

WASM Backend

Clang C/C++/0ObjC LLVM
Frontend X86 Backend | > 86
e — S —
LLVM LLVM
livm-gce Frontend Optimizer PowerPC Backend | ™ PowerPC
S —- e ———
GHC Frontend ARML;‘;':k ond | ARM
e — e —
LLVM

—— Java Virtual Machine
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HarfBuzzjs key snippet

// We could use instantiateStreaming but it's not supported in Safari yet

// https://bugs.webkit.org/show bug.cgi?id=173105

fetch ("hb.wasm") .then (function (x) {

return x.arrayBuffer();

}) .then (function (wasm) {

return WebAssembly.instantiate (wasm) ;

}) .then (function (result) {

result.instance.exports.memory.grow(400); // each page is 64kb in size

window.hb = hbjs(result.instance);

fetch ('Noto Sans Medium Khmer.ttf').then (function (res) {
return res.arrayBuffer();

}) .then (function (blob) { // can be used without our wrapper
window.fontBlob = new Uint8Array(blob) ;
console.log ("Font blob loaded.")
CreateHBGlyphs () ;

)i
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HarfBuzzjs key snippet

// Source code: https://alanchenboy.github.io

var blob = hb.createBlob (fontBlob) ;

var face = hb.createFace (blob, 0);

var font = hb.createFont (face);

font.setScale (1200, 1200); // Optional, if not given will be in font upem
let scale = 0.02;

var buffer = hb.createBuffer():;

buffer.addText (testText) ;

buffer.guessSegmentProperties () ;

// buffer.setDirection('ltr'); // optional as can be by guessSegmentProperties also
hb.shape (font, buffer); // features are not supported yet

var result = buffer.json(font);

result.forEach (function (x) {
var glyphJdson = font.glyphToJson (glyph.glyphIndex) ;
// glyphdson.values 1s SVG data
// x.ax : advance
// x.dx : x offset
// y.dy : y offset
// y.g : Glyph Index
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https://alanchenboy.github.io

Thanks for Watching
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