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QuadraticConverter

Max Distance: 1.0

Min Segment Length: 30 aantd /

Cubic
(PostScript)

v | Preview Close Convert Font

Layer (per-glyph): = foregro... & Convert Glyph

Quadratic
WARNING. Un-saved modifications in a UFO will
not be converted. " (TPUETyPE)



Interactive Feedback

User modifies Visual Glyph Program

PUSHW[ ] 1
MDAP[1]
ELSE[]

PUSHW[] 22 15
MIAP[O]
PUSHWI[ ] 34 21
MIAP[O]
PUSHW[] 13 19
MIAP[O]
PUSHW[] 1 21
MIAPINT

grid-fitted outline Update TrueType Assembly

. I'TF

““"""Egherate Mini Font

////,/f”'

FreeType/freetype-py



Visual Glyph Program

Visual Commands:

Align

Single Link

Double Link

Interpolate

Middle Delta
Final Delta




Visual Glyph Program

Visual Commands:

Align

Single Link

Double Link

Interpolate

Middle Delta
Final Delta




Visual Glyph Program

def writeAssembly(7THToolInstance, g, glyphTTi

def compareCommands(self, A, B):
order = None
ab =1
ba

g None:

A assembly = []
RPO
RP1
RP2
v LsbIndex
- rsbIndex
TOpOIOglcal So r‘t X_instructions
y_instructions
inalDeltasH

A before B?
B before A?
Doesn’t matter?

Sorts commands by pairs
according to
TYPE and POINTS involved.

obohint.assembly']

[1:

Set of Rules

Groups consecutive
Y commands having similar ontour.points
order types (align, single,

Al'point2'] — BI'point1']: Gr‘ouping interpolate, etc.).

order = ab
A_isAlign B_isInterpolate:
Al'point'] == B['point1'] or A['poi Process Batches
order = ab
A_isInterpolate B_isAlign:
B['point'] Al'pointl'] B['poi
order = ba
A_isSingleLink B_isInterpolate:
Al'point2'] B['pointl'] A['poi
order = ab : 'alignToZone':
Ac[l ! poin‘tcll '] B['point']: v proces?A}.ignToZ%ne(group[1] , point
order a group[@ 'align’':
A_isInterpolate B_isSingleLink: processAlign(group[1], pointNameTc
B['point2'] A['pointl'] B['poi T Typ A b.l‘y group[@] '"double’:
order = ba r‘ u e e s S e m processDouble(group[1], pointName
Al'point'] B['pointl']: group[@] 'interpolate':
order = ab processInterpolate(groupl[l], point
A_isAlign B_isMiddleDelta: group[0] 'single’:
Al'point'] B['point']: processSingle(group[1], pointName

pCommands (glyphTTHCc

pedCommands :




Deactivate stems for grayscale and subpixel

)

[ XOX ) Program

index active code point point1 point2 align round stem zone delta ppm1 ppm2 mono gray
0 alignh Isb round
| 1 singleh Isb *167058B04 true

2 singleh *167058B04 rsb true
|3 singleh *167058B04 *166F6B82C X_80

4 singleh *167058B04 *16706304C true

5 singleh *16706304C *166F6BC3C X_70

6 singleh *166F6BC3C *1670585BC

7 singleh *166F6BC3C *167062F14

8 singleh *16706304C *16705841C true

9 mdeltah *166F6B82C 5 17 18 true false
10 mdeltah *166F6B82C 5 13 14 true false
11 alignt *167058894 x-height

12 alignb *167058D74 baseline

13 alignt *1670584EC ascenders

14 alignb *167062F7C baseline

15 singlev *167058894 *166F6BA9C Y_60

16 singlev *167058D74 *166F6B5BC Y_30

17 interpolatev *1670585BC *167058894 *166F6B5BC round

18 interpolatev *167062F14 *167058D74 *167058894 round

19 singlev *1670585BC *166F6BBD4 Y_30

20 singlev *167062F14 *166F6BC3C Y_60

21 singlev *1670584EC *167058484 true

22 singlev *167058484 *16705841C Y_20

BATCH

PUSHBI[] 10

CALL[]
DUPI ]
PUSHBI[] 0
SWAP[ ]
WS[]
PUSHBI[] 1
SWAP[ ]
W[ ]
SVTCA[1]
PUSHW[ | 62
MDAP[1]
PUSHW[] 62
SRPO[ ]
PUSHW[ ] 28
MDRP[11100]
PUSHW[ ] 28
SRPO[ ]
PUSHW[ ] 63
MDRP[11100]
PUSHW[ ] 28
SRPO[]
PUSHBI[] 0
RS[]

IF[]
PUSHW[ ] 49
MDRP[10000]
ELSE[]
PUSHW][] 49 9
MIRP[10100]
EIF[]

PILIQHWI 128

e I A I R

PUSHBI[ ] 1

RS[]

PUSHBI[] 0

EQ[]

IF[]

PUSHWI[] 140 49 15...
DELTAP1[]
PUSHWI[]76 498 92 49 2
DELTAP1[]

EIF[]

SVTCA[0]
PUSHW[] 0
RCVT[ ]

IF[]
PUSHW[ ] 22
MDAP[1]
PUSHW[ ] 34

A~ R =



[ NON 1 lib.plist

o= ~ 1 lib.plist ) No Selection
Key Type Value
v Root Dictionary (14 items)
v com.fontlab.v2.tth Dictionary (5 items)
alignppm Number 48
codeppm Number 72
U FO b stems Dictionary (12 items)
stemsnap Number 17
1 i b b zones Dictionary (5 items)
p com.robofont.robohint.cvt Array (23 items)
» com.robofont.robohint.fpgm Array (334 items)
» com.robofont.robohint.gasp Dictionary (4 items)
com.robofont.robohint.maxp.maxFun... Number 12
com.robofont.robohint.maxp.maxStorage Number 5
p com.robofont.robohint.prep Array (54 items)
¥ com.sansplomb.tth Dictionary (2 items)
bitmapPreviewSelection String Monochrome
deactivateStemWhenGrayScale Number 1
p com.typemytype.robofont.Cubic cont... Array (4 items)
p com.typemytype.robofont.foreground... Array (4 items)
p com.typemytype.robofont.layerOrder Array (1 item)
com.typemytype.robofont.segmentType String gcurve
» com.typemytype.robofont.sort Array (1 item)
» public.glyphOrder Array (737 items)
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<key>com. fontlab. ttprogram</key>

< >PHROUHIVZ3JhbT48dHR]j IGFjdG12ZT@idHI1ZSIgYWxpZ249InJvdW5KIiBjb2R1PSIh

bGlnbmgiIHBvaW50PSJsc2IiIC8+PHROYyBhY3RpdmU9InRydWUiIGNvZGU9InNpbmds
ZWgiIHBvaW50MTOibHNiIiBwb2ludDI9IioxNj cwNThCMDQiIHIvdW5kPSJOcnV1IiAv
Pjx0dGMgYWN@aXZ1PSJ0cnV1IiBjb2R1PSJIzaW5nbGVoIiBwb2 ludDE9IioxNjcwNThC
MDQiIHBvaW50Mj0icnNiliByb3VuzDeidHI1ZSIgLz48dHR] IGFjdG12ZT@idHI1ZSIg
Y29kZT0ic21uZ2x1aCIgcGIpbnQxPSIgMTY3MDU4QjAGIiBwb2 ludDI9IioxNjZGNkI4
MKMiIHNOZWO9I LhfODA1iIC8+PHRAYyBhY3RpdmU9InRydWUiIGNvZGUIInNpbmdsZWgi
THBVaW5@MT0iKj E2NzA10EIWNCIgcGIpbnQyPSIQMTY3MDYZMDRDI iByb3VuzDoidHI1
ZSIgLz48dHRj IGFjdG12ZT0idHI1ZSIgY29kZT0ic21uZ2x1aCIgcGIpbnQxPSIQMTY3
MDYzMDRDI iBwb21udDI9IioxNjZGNkICRDQiIHNOZWA9IlhfNzAiIC8+PHROYyBhY3Rp
dmU9InRydWUiIGFsaWduPSJyb3VuzZCIgY29kZT0ic21uZ2x1aCIgcGOpbnQxPSIGMTY2
RjZCQkQOIiBwb21udDI9IioxNjcwNTg1QkMiIC8+PHRAYyBhY3RpdmU9InRydWUiIGNv
ZGU9InNpbmdsZWgiIHBvaW50MT0iK;j E2NzA2MzA@QyIgcGOpbnQyPSIGMTY3MDUANDFD
1iByb3VuzD@idHI1ZSIgLz48dHR]j IGFjdG12ZT@idHI1ZSIgY29kZT1YWxpZ2501iBw
b21udD@iKj E2NzA10DRFQyIgemOuZTOiYXN]jZW5kZXJzIiAvPjx0dGMgYWNOaXZ1PSJ0
cnV1IiBjb2R1PSJhbGlnbnQiIHBvaW50PSIgMTY3MDU40DKOI iB6b251PSI4LWhlaWdo
dCIgLz48dHRj IGFjdG12ZTOidHI1ZSIgY29KZT01YWxpZ25iIiBwb21udDiKjE2NZzAL
0EQ3NCIgem9uZT@iYmFzZWxpbmUiIC8+PHRAYyBhY3RpdmU9InRydWUiIGNvZGUIImFs
aWduYiIgcG9pbnQ9IioxNjcwNjIGNOMiIHpvbmU9ImIhc2VsaW51IiAvPjx0dGMgYWNO
aXZ1PSJocnV1IiBjb2R1PSJIzaW5nbGV2IiBwb2ludDE9I ioxNj cwNTgORUMiIHBvaW50
Mj0iKjE2NzA10DQ4NCIgcm91bmQ9InRydwWUiIC8+PHRAYyBhY3RpdmU9InRydWUiIGNv
ZGU9InNpbmdsZXYiIHBvaW50MT0iK;jE2NzA10Dg5NCIgcGOpbnQyPSIGMTY2Rj ZCQT1D
IiBzdGVtPSJZXzYwIiAvPjx0dGMgYWN@aXZ1PSJ@cnV1IiBjb2R1PSIzaW5nbGV2IiBw
b2 1udDE9I i0xNj cwNThENZQiIHBvaW50Mj0iKjE2NkY2QjVCQyIgc3R1bTOiWV8ZMCIg
Lz48dHRj IGFjdG12ZT@idHI1ZSIgY29kZT0ic2luZ2x1diIgcGIpbnQxPSIQMTY3MDU4
RDcOIiBwb2ludDI9IioxNjcwNjJIGMTQiIHIvdW5kPSJI@cnV1IiAvPjx0dGMgYWNOaXZ 1
PSJ0cnV1IiBjb2R1PSIzaW5nbGV2IiBwb2ludDE9IioxNjcwNjIGMTQiIHBvaW50Mj0i
Kj E2NKY2QkMzQyIgc3R1bTOiWV82MCIgLz48L3ROUHIVZ3IhbT4=</data>

<key>com. robofont. robohint.assembly</key>

< >

>PUSHB[ 1 10</ >

>CALL[ 1</

>DUP[ 1</

>PUSHB[ 1 0</

>SWAP[ 1</

SWS[ 1</

>PUSHB[ 1 1</

>SWAP[ 1</

SWS[ 1</

>SVTCA[1]l</

>PUSHW[ 1 62</

>MDAP[1]</

>PUSHW[ 1 62</

>SRPO[ 1</

>PUSHW[ 1 28</

>MDRP[11100]1</

>PUSHW[ 1 28</

>SRPO[ 1</

>PUSHW[ 1 63</

>MDRP [11100]</

>PUSHW[ 1 28</

>SRPO[ 1</

>PUSHB[ 1 0</

>RS[ 1</ >

>IF[ 1</ >

>PUSHW[ 1 49</

>MDRP [10000] </

>ELSE[ 1</ >

>PUSHW[ 1 49 9</

>MIRP[10100]1</

SEIF[ 1</ >

>PUSHW[ 1 28</

>SRPO[ 1</

>PUSHW[ 1 3</

>MDRP [11100]</

>PUSHW[ 1 3</

>SRPO[ 1</

>PUSHB[ 1 0</

>RS[ 1</ >

>IF[ 1</ >

>PUSHW[ 1 58</

>MDRP [10000] </

>ELSE[ 1</ >

>PUSHW[ 1 58 8</

>MIRP[10100]1</

SEIF[ 1</ >

>PUSHW[ ] 58</

>SRPO[ 1</
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com.fontlab.ttprogram
Visual Glyph Program
encoded in base 64

v

com.robofont.robohint.assembly
Plain TrueType Assembly



«TTF

FontProgram ControlValueTable
<CVT>
<FPGM> <GASP> stems and zones
functions size-dependent definitions
rasterizer
control
PreProgram
or
ControlValueProgram
GlyphAssembly <PREP>
<GLYF> set stems and zones

according to the pixel size



Helper Tools
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Helper Tools
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Auto-stem

Finds typical stem widths




Helper Tools

Auto-stem |
Finds typical stemfwid

Auto-hint |
Generates a Visual Gly

(8 |
=1




Helper Tools

Auto-stem
Finds typlcal stem widths

Auto-hint
Generates a Visual Glyph Progi



Helper Tools

Auto-stem
Finds typical stem widths

Auto-hint
Generates a Visual Glyph Progi

Auto-match
Transfers VGP to another font [1n progress]



Defining a ‘stem’

‘stem’” = ‘special pair of control poilnts’



Defining a ‘stem’
Configuration of two points A and B:
— Position

- In- and Out- Tangents
— Clockwise



Defining a ‘stem’
The two points A and B form a stem when:



Defining a ‘stem’

- A and B have two parallel tangents

- A lies on the 1nked
side of B’s tangent
and vice-versa

- Segment [AB]

is fully inked A
———>0

a®
a®
a®
P
a®
a®
at®
“““
a®
a®
a®
st
u®
a®
a®



Finding ‘stems’

Find all stems and sort them 1into
horizontal stems and vertical stems.



Finding ‘stems’

Is AB a stem?
horizontal: ves
vertical: no




Auto-stem

[filling the CVT with relevant stem

Zones General  <gasp>

¥ Stems
Mame Width 1 px 2 px 3 px 4 px a3 px G px
Y._57 57 0 a3 50 53] B3 100
Y_66 513 0 a3 50 513 B3 100
Y 38 | 38 0 50 75 100 125 150
Y_105| 1056 0 20 30 40 50 60
Y 26 | 26 0 100 150 200 250 aoo
Y 15T | 157 o 12 18 25 31 37
Y 32 | a2 0 50 75 100 125 180
Y 20 | 20 0 100 150 200 250 300
= | ' ' [
X Stems
IName | Width | 1px  2px  3px  4px  5px  6px
;x“91 91 0 20 30 40 50 60
Ex_ﬁﬁ 50 0 a3 50 53] B3 100
X 74 74 0 2b ar 50 62 75
(X 152 | 182 0] 12 18 25 31 a7
X 125 125 0 16 25 33 41 50
e
Detact |
.ﬁ.pplf__.- OK

widths]



Auto-stem

1 Gather stem widths i1nto an array
(of numbers)

0 20 40 60 30 100



Auto-stem

1 Gather stem widths i1nto an array
(of numbers)

2 Cluster them 1nto groups (k-means)

— >

0 20 40 60 30 100




Auto-stem

Gather stem widths into an array
(of numbers)

Cluster them into groups (k—-means)

Take the mean of each group as a
relevant stem width

16 45 <ij"ij> 102
O O O

N

Control Value Table



Auto-stem

Gat h er zones [EEEIERN General <gasp»
( 0 f n L ems

Name Width 1 px 2 px 3 px 4 px 5 px G px
Yo5 57 0 33 50 66 B3 100
C 1 u S .t E Y_66 66 0 33 50 66 83 100
Y.38 38 0 50 75 100 125 150
Y_105 105 0 20 30 40 50 B0
Ta k e -l Y 26 26 0 100 160 200 250 300
Y_157 167 0 12 18 25 31 37
r, e 1 e VE Y_32 32 0 50 Fii+) 100 125 160
Y.20 20 0 100 160 200 250 300
-Iég X Stems
‘ Mame ".-;'u'id.Lh 1 px 2 px 3 px 4 px 5 px & px
X 91 91 0 20 30 40 50 60
x X_50 50 0 33 50 66 B3 100
X 74 74 0 25 37 50 62 [
X 162 152 0 12 18 25 3 37
X 125 125 0 16 25 33 41 50
4!
Detect

Apply OK



Auto-hinting
[Automatically generates a VGP]

Two steps:
1. Analyse the glyph by structuring 1its

set of poilnts
2. Use this structure to generate the VGP

I S N S




Alignments
horizontal alignments for vertical hinting

TS




Alignments
vertical alignments for horizontal hinting

1

0 S R S
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Alignm

abstr
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td
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Groups

e

3 groups] of |[alignments

I e




Hinting the groups (in X)

f= )

% /J S .
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Hinting the groups (in X)




Hinting alignments in a group (in X)

_»leader alignment;

recelved the
interpolate command.

.-\__‘_‘——\__. .__—'




Hinting alignments in a group (in X)

I




Hinting alignments in a group (in X)

Finally,

the poilints 1n an
alignment are
single-11ink’d.




VGP transfer via contour matching

iIDE
B

.
|




VGP transfer via contour matching

K

\'\




VGP transfer via contour matching

transfer




n =

~ W

VGP transfer via contour matching

. Measuring dissimilarity of 2 poilnts
. Matching 2 pointed contours
(with a startpoint)
. Matching 2 contours
. Matching 2 glyphs



2 points dissimilarity

O
6A A
O
«_Ic C ., ————>0
‘O(‘ tC . .tO
‘___Jﬁ__—A’C;i ——

We choose D(A,B) so that 1t 1s small when A
and B are close and have similar tangents.

For example D(A,B) < DA, C)



Matching two pointed contours

—Q0—0—0-0—00—0—0—

startpoint of contour

—0—0—0-0—0—0—-0-0—0~

What 1s a matching?



Matching two pointed contours

e Maps each point of source contour to a
point of target contour




Matching two pointed contours

e Maps each point of source contour to a
point of target contour

[

e Maps source startpoint to target startpoint
e Crossing arrows are forbidden




Matching two pointed contours

Score of this poilnted matching 1s

)  DO-O)

arrows




Matching two pointed contours

Find the best pointed matching (lowest
score) with dynamlc programming




Matching two contours

—Q0—0—0-0—0—-0—0—0—
K\~ Fixed startpoilnt

mTr‘y all points as startpoint

—O0—0—0-0—0—0—0-0—0~




Matching two contours

—Q0—0—0-0—0—-0—0—0—
K\~ Fixed startpoilnt

mTr‘y all points as startpoint

—O0—0—0-0—0—0—0-0—0~

Find best matching by trying all pointed
matchings and picking the best one



Matching two glyphs

source glyph
target glyph



Matching two glyphs

source glyph



Matching two glyphs

target glyph

source glyph



VGP Transfer

Y
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