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"« A computerized multi-font character

generation system
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In this thesis a character . genératign system is
proposed. The proposed system consists ~of two main
progesses: a) the encoding or description process

- ; N .’/ .
(analysis), and b) ‘the ' decoding. or generation process

o

(synthesis). \

)
AY

In the first process, input digitized charac;ef
répresentations iﬁ the form of 'biqgry ‘(black and. white)
matrices are transformed into graph representgtions in the
form of vertices and edges. This is,;chieved'by developing
a variety of algoriéhms, ipcluding: smoothing, thinning,

point labelling and reduction, and graph traversal.

In the second précess, different type séyleé (a total

1 »

of five): are generated from the code, i.e. graph-

<4

representations. This is achieved b§ applying usbmé

transformationdl operations and/or rules on the code

depénding on the specific' type . style. Family font
. ' f :
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achieved. [Tests are conducted on standard and non-standard
character fonts, ‘and - expefimentﬁl results show the

. effectiveness of the proposed me thod. ,
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variations in size, boldening- and orientation are also

T e A" ot Pt & ot s




- o - “ e - T B - . ~ -
: ‘ . N - P . - R . - ; - . %" .
» - - b - . - N -
e L ) . N . . . . B N . . N . i .
. A N N . . - o - N - )
, . O - e L e v <
- R . s . R ‘ )
—_ . PR B - . -
. ) . . N _ . . )
_— M a ’ - . = h A - 14
. ¢ B ° . - . s . . N - - - .
. ” . el . . N _ ° R ) Q - ~ N -
. ‘e .. T -7 . . . .
3 . - .« -
. T e - - h N - * *
< . . . I R
- - ~ ] - -
3 s — . - R - ) L i -
B - - ® . . . . . _ . .
. - . - - -t ) C . . - - .
~— e ’ . RN - .
- ~—— - A . - .
. . i) o -
-
~ t
- > -
. | L
- , o A
E. T
. [ [
; - (] >
- (o]
. . Q -4
L v
. &4 O
. - (o] 2
.y & .8
N Wi
, . . o
s -
. R - .
- - - - 4
A - « a - .
- - . . * . - )
- - . n - - > -
1 - a - - *
|- . . . N i ) ’ ! .
_ . . . ..
.e R . - .
| h 1 . - . - . s
: . 4 .
{ > . - . N .
. - M a .
- . - v - M. !
- - - - - -
- T - B . .o
° . - W%m- ‘ . . . - - - e -
PN N . ¥¢ & .. - .. .
- A . - . N ® - [ -~
- . .z, - -, N - DR - - B
. ) &, -7 . - ) -
.- i . = e . L . :
. - . - . . -~ - . - r. . - - — A
. - 0 R R . _ ‘. . & - . -
- = ' i ’
o . > . - - -,
- . . - 4 . . . .. . ..
) : ~— . . e . ] ) R - . . ; .
. . Lo . .. = - . N N i i /
. . . : .= . . ) 1 3 N N .
. . 4 . 3 - e . .
- . " ) ’ ’ ’ . .
2 & ’ .t N\ ° ’ B ey '
. - .~ 4
- - * i ’ . - = . . - N
- T e— . Le T ) ) . L7 . - .
i . . . ) . . N b ’ LT . .
. . . . L - - ) -
. B N L - .-
. * e r -
.. ' . LI - - - . - . PRI P - - - - B " v,
. - . . N . N — -
w— n = e b Ca e me e e a o aae - . - - R N .. - . e e Y



i

§

§ .

? T ' : . Acknowledgements .
H v . g

R

i

e .
o , 0 ' —

I gratefully acknowledge the guidance, advice,

finanoial aﬁ% otherwise support of my supervisor Dr. C. Y.
7 ' Suen, which enabled the successful completion of this

thesis.

Special; thanks to hr. Q. -N. Ong of the Computer
’ Scignce Image Processing Laboratory, Concordia University

for his efforts to digitize the various character fonts.
i . ' " The cooperétion, aesistance and services provided by
:‘ o the faculty members and staff of the Computer Science
. . Department,~ staff of the, Computer Cenéer, and staff of the

SEL.libiary are deeply appreciated.

Yo
-

I also wish to express my sincere gratitude to many of

v
[

my ' friends . and relatives for their companionship,

i ’ 9

ass'éﬁance, moral and otherwise support during the course of -

Studies. . E il

F

‘ Sciences and Engineering Research Council ‘of Canada and the'

\

Department of Education of Quebec.
4 -]

to ydur children. ' ' PN

- vi -

. This —research was partially supported by the Naturgl'

Last, but not least, thank you mother for your devotion )

I RV I




e ey e

N

-
<

I,
Table of contents

*

v , - . , Page

Tié.le pagel.l.ll.l.Q.Ill.I......\.;'T..l‘l.....l...".".l"i""4"

Signature page-.-oo---'.n.-.oono'-o.noo-oa-a-ooo-oo.ccoocoonoii

<

‘Abstra.ctooon..\..l"ld.lll.‘nol"lll.llIII;...I;QDDCOI.l...iii

Deaication-.-o...-.....-.....-....-...-.o--:......--..-----v

i
ACkﬂQWl»EdgementS.--.o..q.....-o\’....-.-....-...no.......;..V‘i

«

Table Of Contents...--...-...-.......o-...-...oo-..--....y«ii
List of fiéures--;.....-o.c.;oo-.o...O.-.‘o-..oot'.ab.oo.ooch

List of tables....-.o---.-.’..o....-..\....--........--...Xiii

) oy

k]

Chapter 1 Introduction................,..........;.;.....1

lll Thesis Organizationo-;----o"--.)‘-oo--:-o-o--.---.---.-l

102 On tl:‘e written languageoooltotuuooio...'l...ll'...’n.B

. ( 0
Chapter 2 Computer-Aided Character DeSign...isececesasecse8
2.1 Notions on character generation..s.ccvassecensseccsed8

2-2 Re“,iew Of IEIBted'WOi.kc.......,..----c.-........--';.lz

3

2.3 Basi¢ structure of the proposed sySteM..cceceeescseld

1

\

n

‘Chapter 3 The Picture DesCriptoOr..ccevecessvecsscessoess2?’

3.1 Introduction.oqoooot.oo..-'l.ooﬁo..co.....0..:0.0..;.27

"3.2 Input data / Definitidns.......;.........,......,.;29

3.3 The algorithm for pictorial information extraction.3l
, ' 1 b
3.4 'Thinning / Smoothing. ¢ 0 O o808 08, ll’I ¢ % 9 00" O PO OO e SEBEY Q33

- yii -

v

PR



3

L

3.5 Poin.t .Labelling and °Reducti°lr‘......Q.l.l.....-...‘-'38

36Graph Traversal........ll..(\.\.‘.Q.I....II..........‘41
3.7 Interactive Graphics Editor........;...............46

3

L]

%

. , 4

Chapter 4 The Character Geherator...............ﬂ.......51 '

'
4

401 Intrloductionococtto.o.ono'nl..oooooo.oo..loo.o-.ootosl

‘;a ' 402 Type Stylles.ootoooccaun';--Q'olt'oo‘ol.lo........llosz

4.2.2 Type Style 2..;......;..........,l..;,.......sg
4.2.3 Type s£y1e 3...........;..u.....;.........I..57
4.2.4 Type Style 4.................................59
4.2.5 Type Style S.................................64
4.3 Pens / Erasers.........................,...........66

’

4;4 Serif8u.uol...n..ol...ootn..Qll'o..lzootticolc-.0..68

v

4.4.2 Derivation and types of serifs.;...Q.ﬂ,......70

~4.5.variations of type étyles'...I'l.'..‘...--....I......74 ’

FY »

\
4

Chapter 5‘ Exper imental Results..;...;.;..........;.}....73"

E

Chapter 6 Coﬁclusions and Discussions......ccc0000ev.,.110

l 6.1 COﬂClUSiénS........-.....a..-.---o-‘o-'--:..-.o.o...llo.

-
0

~ 6.2 Contributions and édvantages of the proposed

method‘....‘...l.l‘..’..l.fl..IOQIIO'ICDQOO...;....0111
! A

. 6’.3. Applicatiqns....o0olllooocc‘uoccol..l.ll!ltl..d.-..oll3.

6.4 Suggeséioqs for further qeaearch.;.;...f.........:;lG'

A}

- viii =

N o 4.2.1 TypestY].e 1...'.'.......'O....ll.l..:"...l:.lsz -

4.4.1 The origin and importance of the serif.......68\

il



i

.

R oo o P g 5 e e

o
-
»
'
>
i1
s
v
-
+
T
v
.
*
ar
.
-
“
v
+

. e,
.
'
. .
N
+
1
.
. .
N -
. "
.
. v,
-
t
.
~ . -
' .
e .
N .
o
«
*
/
;
v e
»
N ,
;.
.

'

s s deeveesiseenscsessov e

IS

o

N

8

!

@ .

%

e

'-...".l........'.?............118»

1 R
003'01'20
f
¢
o
.
‘D
©
v
’
. .
.
. . Al
o ‘“ *
,
¢
\
.
« .
3 o
. o
[
i
L
Lo, e
- . .
- . -
. '.
.
PO . . Yo
- . ~
P . N
. . -
. -
-
. »
-
.t >
. . .
[ - .
. R
y
L3 .
T
P

'

-

m



~—

2.1

2-‘2

2.3

2.4 ‘:Image generation using vectors [MatG?]........,......l?,

2.5

2,6

2.7

3.1

3.2

© 3.3

3.4

¢

.0 . List of figures i Y o

~ .

Page

[

Consistency among charactersS....cceceecccceiscsaasssesll

(a) The Vertical and hérizontal problemsS. . ..ceeeves 10

(b) A few typefaces designed by Hermann Zapf [Hof82].10 -

Ihage generation using the Patch methad [Mat65]......13
(a) A Patch and its eight parameters.....;..........{15
(b) Formation of lower case "r" by'Patches.......;...la
The improved Papéh method.[Fra7l]...............l....lg

. (a) Equalizing the angle error.........;.............15

(b) The three types of Patches...................‘...15

(a) A yecto; Qrawn between (xl,Yl) and (XZ,YZ)..,....17
(b)_Fornation of upper case "Q" by VeCtOLS..eieueessol?

Parameter definitions for upper case ng® [Mer68].....17

.J. M. 'Coueignoux's mqgdel for'character generation

[Cou?s]oo.-..ooo-:-’0...--;.?0nnooo.o-ot‘.oo..!ﬁo"ovte019

(a) The list of prlmltives...........................19
b
(b) Examples of.primitives in context................19

.Basic structure of .the proposed SySteM..c.ciccacesssslb

Digitized character samﬁles,..................:...[..30

A point Pl and its eight nelghbors...................31

ReSUltB of thinning.-.o-..---..-----.---.-.-o--.--..-36
SmDOthIﬂg OperationS.o--..---...,..-..-o-o-----.oc..-37,

(a) 5x5 matrix configurations for filling'operations.37

A

P s s e




o}

4.8
4.9
4.10
5.1

5.2

5.3

5.4.

(b) 3x3 ‘matrix configurations fo; deleting

operations.......................................37

Effects Of SmOOthing..-.....-...-.--...-.-....ol.....39
A\ ~

Point Labelling and ReAUCEiON....enceecessanscnsscess 42

. Graph representations of characters......e..veeeceeoss 45

Linked representations of graphs...............Zlf}.;47

Samples of characters of Type Style 1..............‘.53
§émplesrof characters of Type Style 2................55

Samples of characters of Type Style 3................58

. Fiﬁding the center Ke of curvature....................61

Samples of characters of $ype Style,41...............63
Samples of characters of Type Style‘5.........\..:...65
Pens in different types and sizes..;..s...:..........67
The construction of the serifeﬁy..............u..;;..71
Sefifs Qn different tyPes and StyleS....eeeeeeeneasss?2
The windowing transférmation.....................::..75
Oratpr........a....................................:.88

(a) O.r.iginalcooo-.n;.o.y..-.ol.noctq‘.o.os...-o‘..c.-.o.B?

(b) C- G. reproduction'uonl....I..ol..c...'ll.‘oc..'..0.88.

4

Gothico....-...\.---..-oo.-oo-.............-..---....-90

o

(a) Originall...O...ll....’.'....’.—.......I....l"...l...eg

(b) C- G. reprOdUCtipn-,o..-.-..-..-....:-.-..-...-.--90.'

Couriero.o....ocl.l.o.....l‘..00000.000000000000;000192

(a) Originalco.l.oiotol':'ctotcnnlooo..Qtt.-.‘;n't-..togl

N

(b) C. G. reproductionescscecceccssoccsosoccarescaesad2

Pica..'li:".on....c-o.’..ull....lo.-..Ql’.c‘u'-.‘...o;94

(a) original.l....l...................Il.:.I.‘l...l..ll93

»

' . . g
‘\\ - Xi - . S

7



B A

e

——n ey

. .
et T e s e i TN REN,
. 4

4 : .

..
-

.

N

. ’ *
i A , . ¢ ' .‘

(b) C. G. reprOdUCtj;,O,n..-.-..-.-.o.o--,"ooo.-".’....M.M..94
5-5 Type tYle 1..."..".‘!}'...O.'li..l..'O...:.....;I“.V.‘.l.gs ’

o ' \\ AOp

5.6 Type .,S"-yle 2.....-.....--?-......-....‘..'.a‘-f'..‘.‘;,..,.--..96

‘—5.7 Type Style éo%-i..o}..;o-looooooLonf'oo..n-'o-..n.-"ooooog'?

¥ ¢

S.Sp/mype Style 5 with slab serifs........,........,......
T

5"8-'Type Style 4'.".".....d....‘.’.‘I.I.’..l..l..II.I.I...IQ‘?

5.1 ype Style: 5 with bracket gerifs.......}...L....f...lOO

5'-1.1 Pica in Type StYIE l..o.-....-a.o.....loootho-n.a...lol
5.12 COUIier in Type StY].e 3-.....Q..l.‘....."......‘..0102

5.13% orator in Type Style~4.....3..!...........;.........103

- 5.14 Gothic in Type Style 5 with slab serifs.............104

5.15 Horizontal orientation to the right.................105

'5.16 Horizontal orientation to the left....c.ecseeccocssel06
p , ,

~

5.17 Vertical origntation to the top..;..............:...;07
5.18 Vertical orientation to the bottom....;.;..........1108

5.19 Vertical (to the top) and horizontal (to the right) .

- ¥ . . :
Dorientations............"....;.'....‘I....I..‘....l“log
. 7 . &~
e . /t
y; .
v
Y
N ‘ ey [N
’ * i
’ 4
> A N \
» - P : :., '
X , A !
SN 6 >‘" <
4 ¢
L] \ ’
Y © o~ —
- - xii - $
L] - -



L s vv#»‘!’-“lﬂrﬁd’? »

%

T

y

PRV

o

P e L

JRIEEN

RA e

-t

-

=+

. o] e
~ III The generation CPU-time (sec)

Styles...o...l'OQQOOl".....0:‘._,..‘0.p.-o“...-ll..lol...0.84

(sec) of different character,foﬁ?§.¢............

;
o
’
-
- v
“
-
.
R ol
o
.
s
i
s
b
i
RS

t

4

.

i

s
.
-
o
.
‘
-
< .
f
\
» .
N
¥
\ .
4
°
» -

o

c-!-'.0082

of the diffe:ené'Type4 i

" o
7 . . L2
Lo <
° .
-
» L
. .
r *
- f
’
,“»‘
- Y *
- ©
Ay
.
v
.
'
‘
. -
- -
>
\
L3 - *
. . v ]
LA . ‘
. . . X
3~
. ]
' ...
-
* -
. . +
T -
. ot
)
. .
'
-
PR .
.N ‘s : ~ .
» v [} .
Al L
1
‘ “ -
(] =3 :
P .
~ N
-t £ H
k;
Iy . <, )
@ - 4
.
. ¢

v N g :
’ :‘ ' - . * 4 ., g }
A . . i
_ List of tables . ;
' ’ ;
- g ‘ :
- - Page :
e : e - i ) T

«. I The size (rows, columns) of different character fonts.80: . -

‘¥~ II The coding size, derivation and generation CPU-time': ;




.o

-; N o
B 9 ‘, .
. R ,
N Chapter 1 - ro : .
A B Introductlon . . cl
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. ', ~’
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A . 1.1 Thesis organization

s " ~

a L.

The .thesis is organize into six chapters, a glossary

-

~ . . .-

- .and’ a Qibliography-,‘. o T . o

4

<

.

organizat{on of the thesis (in this section). Then, it
br;eflyv describes .the necesslty of “human- written
communication, the development of the alphabet, the impact

" of writing . into human affalrs, the psycological factor and

artistic aspects as well as-the three eras of the letterform‘

desigh. T . ‘ _ )
‘ 8 bl - : . ) -_.. A ,

. ¥

. Chapter 2. starts by descrihing certain \aspeofs of
‘ N . T '

character fonts; it states somercriteria that characterize a

.*computer—aided . character generator, .and discusses some’

~ 3

. éffects and perspectives oﬂ the digital evolution into type"

.

' de81gn. Then, a rev1ew of the past computer—based chanacter

LS ~

generation systems iiigiven. Finally, the basic structure

.

&

-

' of the proposed system.will be discussed

R

Y . ey,

Chapter 1 begins by giving a-brief description of the

o

ot

..
sl RS i o 7
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.

In. chapter 3, the first process (i.e. the encoding or
generation) of the proposed system is given.‘\A variety ‘of
algorithms‘ (i.e. thinning, smoothing, point -labelliag,

graph traversal,betc.)‘are presented. Examples, possible

code inaccuracies adjustments, and -the code . (in the form of "

a graph) as maintained by the program (linked list) are also

%

included. : L By

In.chapter 4, the second process (i.é.'ﬁthe decading or°

-~

.generation) of the proposed systeméis given. The properties

and derivation of five different type. styles ‘(from,a single.

code) are discussed. The different types of pens and serifs

in different sizes are also discussed. “Finally, the type’

style varlations 1n 51ze, boldening and orientation ‘are_also

. ifcluded. ‘ ' : \

Chapter 5 presents some experim&ntal results. The

o, .
- 1 . . -~ “

coding size, and tne time taken for code derivation and
generatioh are given, Illustratlons of the different type
styles (demonstrated in chapter 4) and ,of some sta?dard

character fonts (1 e. Orator, Gothic, Courier,° Pica) in-

1 ' —

different-variations are presented. - - ,

£ ®, . N -~ . .‘ .' e
Chapter 6 serves as a recapitulation_ of the thesis.,

)

The - contributions and the relative merits of the'proposed'

-
- rd

system fare described The applicability .and  some

suggestions for further developments are also discussed.

Ad
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»

%

RS AL RN o f Fomr PR



I SLETAIEASA -
. «
, N

s

N A

1.2 On ‘the written language . '

s

/

.learn to participate. in the behavior patterns of their

individual cultures.  This behaviof' exists. in :the

Y

interactions among humans as well as between humans and

‘their environment, and often requires the use of language as

[

the principal means of communication. Language can be
M 4 B Y ’ '

expressed in different forms: verbal, written or gesture.
< b .

Verbal and gesture languageés are of momentary duration (i.e.

restricted in time) and function adequately only among

.

communicators who are in close proximity (i.e. restricted

in relation to space). The written language being a system

of human communication by means of visible, " conventional,

graphic symbels, was originally' developed to release the

other forms of lahguagés from ‘the mentioned constraints.

0

In~[Hay30] a chronological review is given, and covers
the origins of wg};&ng as well as the development ofcthe art
of printing frém historical to modern timé§. After

thousapdé of years -of . evolution . and tefinement, written

lanquage is highly éeveloped. Aided'by the proper uses ‘of

1]

the "wedge' and soft - clay, the 'reed pen and papyrus, the

chisel and stone, written language passed through the

following main stages:

[
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a) Pictorial, in which a picture tells the stoﬁi

. . B
s o, . )

.
A
.~ A
‘-3 - . 4 .
’ 0
Tl : . . .

Since humans’;libe in socially organized groups, they
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b) Ideographic, in which a picture becomes symbolic or

represents a thought
c) Phonetic, in which the picture becomes. a phdﬁogram or

sound 'represénting. sign. Thiq stage involved three

additional steps: \

N “1) Si§ns that stodd. for words
"2) Signs that stoqd'for syllables
' .3) Signs that stood for sounds

]

1

\ -
to the Greek (the- word 'alphabet' being derived from the

"first two letters of the Greek alphabet, alpha and beté) to |

<,

Our modern alphabet can be traced back from the Latin .

the Phoenician alphabets. During the Renaissance, a lot'of’

‘“: . npééple'devoted theiriattehtion to\type\desigh. Letters haé
.xbeenl defined mathematically and had‘been constructed by ;pé
use_ogtéompasses and rulgrs.' In [And71, Mei69] a summéry of
these devélgpments_' is ’giyen. It wasn't until the
introduction Bf the movable metéi ‘tybe .(by J. Gutenberg

(Ray30])' that any staﬁdardrfont was achieved. Despite the

\composition of the alphabet remains the same. ,
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The invention of writing as a means of preserving

knowiédge on one hand, and the invention of -printing to

pfddiaed a botént weapon for attacking ,ighofaqcei and

O slight changes that have been made, since then, the basic

‘multiply that written knowledge on the other hand, are among -. .

the most momentous triumphs of the human. 'mind. The§'
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‘superstition, and made literacy and universal education -a

pfactical .and economic propbsition. Knowlegg% - become's
- i. . !

available to:everybne, and as a result the progress of the

/

human race can evolyve. even. better.

|

Whét is wri&ten (encodiﬁg process) is éo’ Se read‘
(decoding process) through the eyes. Hence, there exis;s ‘a
commun;détion channel between tﬁé writer (sendér)'and the
reader éreceiver); forgthis'communicatioq to‘be effective,
it 'is necessary to discover the reader's:true requireﬁents
(psycology). Good-looking letter shapes (calligraphy) are

) - .
- to ﬁﬁqlfil the ' aesthetic requirements. The understanding of
_how-the human eye and brain function in reading, will
contribufe to greater reading\ efficiency: Furthegmore,
:chafacters‘as yisual images convey concepﬁs or -ideas such
as, freedonm, smartﬁess,-strength, emphasis, sophistication,

v

‘ style, modernity, etc. (typography). -

The shape of the letterforms had been influenced by';ﬁe/
. . ! //.
materials: (i.e. clay, stone, wood, paper,g;é.) and tqqls

(i.e. . wedgé,~chisel,°pen, brush, etc.) -used as well as by

‘the ' printing technihues and methods [Wal69]. It 4dlso bear§”‘

the different periods of typographic  design. The
' N r .
development of the. letterform design can be marked by the

foiiqwing eras:

a) Scribal (or .ductal) era. Ductal letters are handwritten

-5 - ; oo

o~

.
.
2

. .
b e e e
N



Cam n e

- - s e — o~ &

.“

/ I

’

/ . ) .
' /letters "whose basic topology is the result of a smooth
/o

series of movements of the writing tool in the plane of

‘the writing surface '

Yo

{ ' .
Glyptal era. Evolution of glyptal letters reflects the

fundamental changes in . the technology of letter

' production' brought about by .the invention of printing

c)

d)

from movable type. Each ‘letterform was engraved in’

relief onto the face of a steel punch; the composition is
then(inked and printed on paper

Digital era. Digital letterforms ate made’ up of "digital
elements, i.e. pixels, ‘line segments, color, shades of

gray or any other graphics unit. The digital type design

~

is discussed in chapter 2, - » .

) ]

»

As a recapitulation of this sectibn the following may

concluded.

Written ‘language was the result of the ‘'need of

communication (not restricted by time or space) among

" humans (visual communication)

It was through a series of very naturql steps'"that

.writing grew out of drawing- (picture-writing) »

Once the existence of wrltten language was firmly
established, people tried to beautify it and express

concepts or ideas (caligraphy, typpgraphy)

. -

The impact of writing on a’ society produced changés in' ..

the’ social structuré  of that system (sociology,

7 y
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Computer-Aided Charactet Design

.

2.1 Notions on character generation . L

\ Amoné the many computer peripherai devices, printing

devi\ces play amajor role in man—machme communlcations. .

,Givir\g the computer the ability to " write brings automated

--and wh

- in the style and ‘form of the charaoter fonts.

character. generation.

~ " ®
‘ [ . |

L. C. Hohenstein [Hoh80, pp. 25-57] - has classified

printers into three broad'categories, one'of which is: fully

- formed versus dot-matri’x’ characters. In fully formed

printers all parts of a character are embossed in reverse on‘

the type bars of the- typewriter. Digital evolutlon leads to
the clIaracter; repre,sen-tation in the form of binary (black
te) matrix. New printing devices based upon ink jet,

i

. } '
lasex:, and . other technologies generate characters in the

form of dot-matrices, thus offering considerable flexibility. ‘

v . d AN

..

- P.. Coueignoux _ [CouBl] has sta'ted' that a character

: generation system can be charaoterized by five cnteria°
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range ftoﬁ a few minutes to a few hou}s, and ii) the
N .

depending on the type size and device resolution.

b) Space. It refers to the average size of the code for one
charac;ef as well as to the size of the internal buffers
used ‘for decoding. : . s .

c) Quality. It is pfopq:tionql to the largest dot'mééti%
which can be used7t6’represent a character. ;

d) Flexibility. It refers to the different augomatic

modificationé‘ which are Supporteq bf the cpﬁe, i.é.

scaiing, rotaéing; family font var{&ﬁions,hetc.~

e) Cost P

An important aspect _among character fonts is ‘their

mconsistency" [Cou75, -Cox74, .Hof82]. This ‘means: i)
. consistency among characters sharing the ,éame‘ 1§ttgr, ‘and

ii) - consistency among -all characteié éharing the same

"spiritks)' (artistic or stflistic .consistency). Notice

that a character bears the name of the lettet as well as its -

t

style, i.e.  artistic embelliéﬁments [Cbu?;, Cox82)] (see

also section "2.2). For examplé, lobking at Figuréiz.l (a)

it can be asked: "what do all characters in any column- have

in common 2" or "what do all characters in any row have in

Eommon ?". Looking at Figure 2.1 (b) the question to be

asked . may be: "what do all these tYpefaces have in ¢ommon'

?". . Similar questions may be asked about type faces

¢

«
07 Y
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Speed. It refers to: i) the 'speed of creation which, may

speed of production which goes beyopd 1000 cha:actérs/sec".

-
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. abcdefghuklmnopqrstuvwxyz

B | =10 -

‘abcdefghukImnopqrstuvwxyz

abedefghijklmnopqrstuvwxyz |, -

“_abcdefghl]klmnopqrstuvwxyz

abcdefghgklmnopqrstuvwxyz .
aﬁcc(&f.cef'fggﬁgﬁ@mnopqrrsttmruunwwvzV |

. (b) >

v‘y

| Figure 2.1 Cons:.stency among characteps (a) The

: designed by Hermann Zapf [Hof82}.

vertical and- horizontaljpblems (b) A few typefaces -
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. 4
" corresponding to distinguishable perié-ds of typographic

design. What is important to note here is not only to find

answers to these duestions, but what ql:\es‘tions should be

. asked in order to discover more abaut the mystery of the

” . '
-

letter forms. )

-

Wq’ are now in the dompuﬁer‘era. The evolution of the-

d*puter ,inéroduc‘és the d'igi.tal' type design’ [Big83].

\

lEffo}:ts should-be made to considex?i the characteristiés (both

.t

adv.aintage‘s and limi;ationsj of the 'new ., display devices.
This new ‘technoiogiCal evolution can by confronted by the

following two phases:
- N 1

a) 'Imitation, in which the outstanding’ le}-.terforms of the
Y, '

5

previous typographic generations serve as models for ‘the

new. designs > n

'b) Innovation, in which innovative designs emerge that are

not merely . imitative but e’xp]\.oit ‘the ' strengths and

explore. the limitations .of the medium.

’
‘ N . \

‘Since type is ultimately intended for the reader, the

technology of type pfoduction however is not the only fact'o;

Y

. that influences the final letterform. Typographic design

reéemaing an art, and the %uéce‘ssful desigr{ subtly reflects'
the igénsi&n be.t'wee‘n _imitation- and innovation.  With the
development of .the computer and digital ele,ctron‘ic\s, new
fsbeciali‘zed' machines can be built for ' the use “of grap,ilic

-
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arts [Nis83)]. ! | . s

In the subsequent’ séction 7severa1' approaches used“i'ri
the past will be reviewed in which' the computer ‘provides
great assistance ,t\'tj/"e_ design of the letterfxérms.
Afterwards, the basic ructure of the proposed system will

1“"

) .be described.

2.2 Re f relgted work -

In 1965 M. V. Mathews and J. E. Miller [Mat65]

. developed a\zomputer Editing, '}ypesetting and Image
S

Generation tem. Images were constructed as the sum of#a
number of PATCH's (Parameterized- Area .To Construct

Holograph) .. Threé types of patches (rectangley trapezoid,

‘and curved) were considered. A patch required eight

parametgrSt a.width (a), height (h), the coordinates of one

corner (xo,%), and the curvature and slope of each curved

. side -(Cl,sl,cz,sz). FigurWa Patch with its beight'

“paratieters (a) as well as the formation of the lower case .

1

"r" by Patches (b). Rectangles and trapezoids were treated.

as special cases. The concept of stylistic consisi:,ency was |
‘ S N . » ¢

introduced, i.e.: sub-areas possessed by several letters. :

¥ _ ‘
The division of an image into patches and the extraction of!

the parameters (by trial and error) vere done manuallir, thus

2,

o
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| Fibure 2.2 Image generation .using the . Patch. method
Jat&S]. (a) A Patch and  its eight. parameters._ (b)
ormation of lower case "r" by Patches.
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considerable time and effort was required. . Furthermore, "

different sizes of .an image required new definitions. On -

the average, 10 patches 'weére required for each "good'

'quality letter, thus a letter required about 80 (= lﬁkér

numbers for its description. ‘ S o
. i . : .

-

A, J. Frank [Fra71] continued the method proposed by

M. V. Mathews and J. E. Miller [Mat65]. Again the three

types of patches were used (see Figure 2.3 (b)). However,.

N

the two stralght llnes in ‘curved patches could not be

parallel., 'In general she 1mproved the patch method by: a)
automating . to a !large extent ‘the encoding part, b)
approximating the contours with parabolas whose principal

axes were either parallel to the X- or Y-axis, and )

generatlng d1fferent sizes of the 'same“ image definition.'
The first task in CUrve fitting was to determlne the p01nts'

of tangency with 0, 45, 90, and * 135- degree lines. .Then

between success;ve . points a parahola was fitted by

"equalizing thél angle -error” ‘method. This me thod is

’illustrated"1n Figure 2 3 (a) and can be stated as follows:

4 " -
C

Given ooints A >and B, and their derlvatives A' -and B',
1] v

,

choose that parabola such that the angle made by the tangent‘

e

lines’ correspondlng to the derlvatlves A" and AF Cis® equal~

to' the angle made by the tangent llnes correspondlng to the

derivatives' B! and"- Bp: (where AF and Bp' © are the

derivatives : of ‘a famlly of parabolas which pass through A-

-

and B). The coding s1ze was- about 25 words per character,

- 194 -
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Figure 2.3 The 1mproved Patch ‘method
: Equalizing the angle error. (b) The
' Patches., TN
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and the -printing épeed about 100 characters per second:.

G

{ Another attempt to encode black and white pictures was

u

made by M. V. Mathews et al [Mat67] .~ Letters were formed

-
-~

by a number of vectors (see Figure 2.4 (b)). A vector could

«
L]

be drawn betweenﬁany\two points (see Figure 2.4 (a)). The.

-process"qf determining the coordinates of the vectors was as

-

- follows: An "enlargement of a letter was ‘placed on a

-

suitably-scaled raster, and - the appropriate vectors ‘were

chosen visually. All measurements‘were in units of raster

. 3

épace$;‘ Line widths were .determined b&; the number of
vectors, i.e. .a double bectog would produce-two éhades, in
the Cathode Ray -Tube. The resolution was limited by the
width of the vectors (ten of them) which was about 2.3

raster points (on the average). An average of 25‘vectprs

+

per character was used. Hence, thé‘ code size was about

25x4x10 = 1000 bits. A great disadvantage of this method is

that different fonts or even different sizes ‘of the same

font required a separate and distinct set of vectors. Thus,

the manual operations had Eo}be repeated and the storage
. ? ’ *

. . v
required to hold the ngjnitions increased proportionately

>

- for larger-sized characters, and for more complek fonts.

4

( .
3 .
¢ b . 5
A very interesting piece of work was done by H. W.

Mergler and P. M. Vargo [Mer68l. They désigned a computer

system which is considered, as the first attempt for

parametric type design. The system .consisted of 24 routines

?

‘J ‘ . N .
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Figure 2.4 Image generatlon using vectors [Mat67]
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vector drawn between (X,,Y ) and (xz,y j. (b) Formetipn
.of upper case "Q" by vec% }k . ’ 4
oI ¢ )
d R “ e -
e ) ’
" ’ EXY
LY
\ )
T ' .
B 4«
" ‘.' " ¥
1 r .
L) > . “S [
™ ‘ ) &1'/“ .
/ o ) .
) 14 N . , o " "
v = " .
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- Figure 2.5 Parameter definitions ‘for- upper cage "E"
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far the generation 5f 24 capital letters (Q_and;J'were"
omitted because they look so similar to O and 1I). It ran
undér two modes: In the manual mode the operator was able to
-seiect varﬁbus routines for execution, define their
pafameters, or determine the‘ states pf the system. When
. running was under the control of the "Automatic Ekecutive-
" System", parameters for the 23 other leﬁters were calculated

based on values input by the- operafor. for the 1letter E. '
. ' ’ .

Figure 2.5 shows the parameter definitions for the upper

., s

[y

case "E". 1In general, the apéroach was based on “the edge
generatidn wi;h a limited numbef Qf strokes, i.e: straight ‘
4lines, eurved strokes (made out of superellipseé).:' Despite
the fact ' that the model ' for certain letters was
oversimplified, the generation of “segifs was rather
primitive, and some details were omitted, nevertheless their . .
attemp£ madé' a positivg contribution to the subsequent
developments& ‘ |

<

1
*

Iq 1975 ,P. Coueigﬁbux [Cou75, see also’CbuBL”and
éox?Gﬂ developed a system forl character generation (CSD,
_Character Simulated 'Dgsignr which in many aspects is a
continuation”of“the work done by M.//W. fMergler and P. M.
Vargo [Mer68]. It consisted of 44 fout£nes fq; the 52 upper
dnd lower case characters in the Roman font. Characters
were composed from primitives. Three tfpes of curves were

. used to generate the primitives: conic sections, straight

'.lines, ‘and super-ellipses. There were 13 different types of

-.18 -
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'Figure 2.6 J. M. Coueignoux's  model for character

generation [Cou75}. (a) The list of prxmltlves. (b)
Examples. of primitives in context.
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priﬁitives and on the average ten parameters per primiti&e
were needed. | The 1list of p;imitivés for the 52 upper and
. lower case characters is presented in Figufe 2.6 (a), and
illustrated in Fiqure 2.6 (b). Iﬁﬁht to the system consists
of the following: the letfer-name, a list of parameters for
the pfimitives, and a 1list of parameters special to fhe
letter.’ There  were, 6n the average 27 parameters éer
character. At the  font flevei,' however, this number was
reduced to 10. Fohr’type faces were chosen (Baskerville,
Bodoni, Cheltenﬁam Medi%m, and Times Roman Bold), whose
parameters were found manually and inaccuraqieS' were
adjusted by an interéctive process. The average Beneration
time was about 30 seconds per :character.

Another intereséing study Qas algb done by é. H. Cox
" et al [Cox82, see also Cou?5, Cox74, Cox76]. They tried to
'find a ;Lécription that‘sepgnates aépects of letterness from |,
aspects ' of" embellishme&ts among the characters. In
attempting to separate these Ewo aspects, it was found
.conéenient to introduce a formal structure, called ske;eton.v
The three formal structures were characterizéd as follows:
a) Letter, i.e. abstract description in terms 6f‘fuhctiona1~
attributes. It distinguishes’ letters from letters, b)
‘Skeletons; &.e. semi-abstract, sepi-phyéical deééription‘iﬁ
terms of vertices, 'spatial orderiqg, and 'vertex/edge

relations. It distinguishes letters from non-letters, and

c) Character, i.e.physical desciiption in terms of strokes
/ )

1
'

- 20 -
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and serifs. It°§i§tinguishes styles of lettéers. Then the’

brocess of generating a character can be obtained by the

following steps: a) The abstract description of a letter is

théined, ice. a set of functional attributes, b)

. Reﬁresentation of sets of skeletons which combine the parts,

from (a) in a proper or— improper manner is done,l é) A
Skﬁleton is obtained from (b) by embodyin§ some artistic
constraints, and ' d) Physical character is obtained by
apblying éome "redrawing" rules togeéher with secondary

embellishments to the skeleton from .step (c).

t

"l

Another piece of work that deserves appreéiation was
done by D. E. 'Knuth [Knu79, Knu80, Knu82]. ﬁe developed

the METAFONT, a system for alphabet design. The system

"allows an entire font to be precisely specified

mathematically sclthat it can be produced in different sizes

and ‘styles for different raster devices. A METAFONT user .

can either write a METAFONT routine or he/she can

interactively define a ghape and obtain the desired éhape by

trial and error. The shape is defined by a -déclarative

.

algebraic language and is drawn by the motion of the pen's

center. Characters are ,ggneratéd by cubic splines with

»

-complex coefficients or other simple shapes.- The system

maiﬁly consists of 128 routines for ten fonts which belong

’

to the 'Roman' family. A variety of related fonts can be

‘obtained by setting a number of-- parameters. There are

totally 28 such parameters (for the Computer Modern Roman)

r

- 21 -
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that can-be categorized into the following main groups: a)-
parameters - controlling the vertical dimensions, i.e.

h-height, x-height, e-height, descender depth, etc., b)

* parameters governing the horizontal dimensions, i.e. unit

width, the amount by which serifé 6£"lower-case (or
upper—case) ' 1etters ;prbject from the stems, etc., c)
parameterb:effecting the pen sizes, i.e hairline width, stem
width,” curve width, etc., and d) miscell;nequs parameters.
eohtrolling.spediél effects such as slanting,ﬂel{ibtieity of
bdwlé,‘gtc. | ‘

.D. E. ’Kn.uth!s article [Knu82) has received a variety

of controversiaI comments [Bau82, HofB2] "which are

warthwhile . nptic1ng Such 'comments emerged from the

'relatlonship between artistic design and mechanlzabillty (by

the - computer). Some .people saw: METpFONT as a threat that

~would limit the designers' creativity; deprive them of jobs

in cbmﬁng _years, and pointed out its 1imitations; Othefs
say 1t as a tool. that would assist type designers, and yleld
new 1n819hts 8o that we can- learw%more about the mystery of

the. 1etters ‘and raise the artlstic level higher.

T. Y. Mei [MeiBl] developed the LCCD, a Language for .

Chiﬁege'Character.Design.’ The LCCD is based oh METAFONT end

has to take into accoynt the particular problems related to

Chinese characters, sucﬁ as the number.of strokes and shape

complexity. : The «approach' taken was a combination of ’

@
.
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"top-down" and "bottom-up" procedures. In tkre "top—down"
}procedure, analys:.s of tffe structure of the characters was
done and a sequence of sets was obtalned. Each \sét--v ;
contained sub-characters or radicals ( which are of higher
order), and basic strokes or atoms (which ;'zlrepf lower.
order). The structure becomes more complex ‘when the order
gets h;.gher. In the "bottom—up" procedure, the generation
of character.'s was performed. 'A' radical sgt having the lower
'ordér was built first, and the higher order orres built

l'agter‘. - The first set to- be built contained the ) basic

strokes. ' A

J. Hobby and G. Gu [Hobeé] tried alsq‘ to use METAFONT
to design Chinese characters. T. Y. Mei [MeiBl] developed
108 rédt‘ines On the contrary, J. Hobby and G. er '[Hc')b82]l
1mplemented a number of str, ke routines named horizontal,"'
vertrqal, pie, D-stroke, F- stt{oke, and vértlcal stroke with
"naTends" (10 strokes routlnes for the Mincho style) These
routines were parameterized,fully enough so that one r0utine:
could be used to'drawgl'l étroke variations. It'is evident ‘
that‘,' their contri?utit;n was the . reduction of the stroke.
rorxtines by parameterjzation.

| ' Several 'sug'éestioﬁs have been proposed Jfor, the design
of character fhonts using thg éurve-f:t't:ting method. T..
P-avlidi; [Pav82, ’ pp'.26‘7_-.269] suggested ‘the use ‘,of the

' quadratic splines lwi‘th uniform knot distributi:bn to obtain

-2'3.'.'
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b) The Decading or Generation process (Syntheéis).'

the outline of the letters. The same author [Pav83] . also

prdposed“the "curve,fitting with conic splines” method. In
his;sﬁgg;stion, characters may be drayn by: a) obﬁainiﬁg the
font ‘definition ‘by—fijzipg.tﬁe'approximate polyéonjf;nq b)’
appiyiné the curve fitting to the definifion ‘obtaineq ‘in
(a). A similar approach has been suggested by M. Plass

[PlaB3]. He used piecewise pérametrié cubic ¢« polynomial. *

»

. approximations to.obtain the outline of the character fonts. ..

The curve-fitting methods automate to a large extent the
encoding, process and produce resolution-independent font
representations. However, the code representation, tﬁg

computational expense and the lack ofvstylistic consistency

are among the other drawbacks inherent éo these aﬁprdaches.

Ed
”

™ ’ : : }
2.3 Basic structure of the. proposed system

The. proposed Character Generation System for this |

a

thesis is ' shown diagrammatically in Figure 2.7, and it

consists of mainly two processes:

a) The~Enéoain§ or Description process'(Analyéis), and

. ’ s S

The Encoding or'ﬁescription process iS'perfqrme§ by’the” -
Picture Qescriptor (P.D.). ihe‘ fdnctiqn is to transform

input digitized character representations in the form of

- 24 -
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_ structure of a character.- ‘-

1 ~

[

- .

i binary (black and white) matrices into graph representations

in the. form “of eddes . and " vertices. ?utthermore, code
derivation and modificatiqn- (to adjﬁsf possiﬁle
fngccuracies). may. ‘be perfdrmgd"by:l i) an Interactive
Graphics Editor (I.G.E.), .and ii) manually. This can be

easily  accomplished since the code .inherits the basic

. i

. “\ 1 4 ‘ -
The output of the Description process is held in a Data

Base (D.B.). - . ) ’ - R .

-The Decoding or Generation process is performed by the
Character benerator (C.G,)L ‘Its function is to accept the

N .

°

‘code from the Data Base and generate difﬁerent .character

fonts. . This is accomplished by considering certain

'elementary' operations or rules depending on the specific -

‘type style. Family variations in size, boldening and

AN
-

orientation are also taken into cdnsideratipq:

L]

- . rr_/
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TSi stands for the i>th Type Style generated.
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N Chapter 3

®

The Picture Descriptor
’ . ' ) /\R—

- ' : . 3.1 Introduction ' 3

. .
3

N ey .
‘A pattern may be transformed into an . abstract
' description, i;e. a set of special points or numbers,\a
‘ggring of symbolé, graph, etc. This description can be used
.Egr ' data c@hpression,\ ‘image transmission, pattern
’( recoghitibn, medical diagnosis, etc. |

]

!
.)Ehallenéing topic Bndi a Qariety of Qpproaches have been
proé;sed.“ H. Amiri et al [Ami79]‘used fill-up, bends, Sind
and cross ﬁoints for line-drawiﬁ§ descrfptipns.. M. Beun
‘[Beu73] used enq and fork points for numerical
"« classification. hP. Chinnuswamy . [Chi80] descrfbed the .Tamil

characters in terms of line-like eleﬁénts. T. CH. M. Rao

[Rao76b] wused . forks (downwards, upwards, open rightwards%

open leftwards)‘for fingerp;int claséificatign. K. C. V.
Rao and K. Black [Rac76a] converted the fingerprints ‘into a
set of symbols. K. J. Udupa [Udu75] transformed a  line

* = .
pattern into a sequence of turning and .epd points.- =~

Many investigators have .devoted attention to this

« . - o Y ' )
. ’ . . . M
¥ . v ' - 2 7 - ¢ . .

PE—
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P Cobeignouk [Cou75, : Cou8l] ’ reViéwe@ the coding

schemes dealing with type faces. He classified them into

Y

three main classes: a) Area coding (bit map, aﬁd run lengéﬁh

coding), b) Contour coding (differential run -length, ' chain

-

link, spline encoding, and patch coding),: and &) Structural .

coding (structural coding with contour, ‘and structural
> ‘ '

coding with ‘skeletons). Area“-codigg is s%mple, best for

high speed and low quality printing, but it offers lim};ed‘

fLexibiiity: Contour ‘toding is-derived from the fact tbét3

area is just what is enclosed -in  a contour. This scheme

behaves better when high qdﬁiity 'is accommodated by a

reasonable amount of space. Scaling 1is - well implemented,
. A ' .

but it can hardly be said to provide flexibility.,

Structural coding works at a more global level. A charaqter'

is described by a set of "primitives" (stem, bow, arm, bay,
turn, etc.) that respect certain rules (see - previous

chapter). This méthod is of great interest because of the

#

provided flexibility. .

o

In this chapter, the encoding or dejcription process is,

presented. ' Its purpose’ isvto derive alcode that will: a)

reduce the storage requirements, b) inherit the basic”’

structure of " the characters and hence be easily
understaﬁdable‘by the user, and c) facilitate the generation
of differqnt type styles. The code is représented in the
form of a graph'(edges and vertices). This is achieved by

mainly deéeloﬁing the thinning, smoothing, point labelling,
L . . .

b > - 28 -
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and graph traversal aigérfthms. First, -the dqscription of a

simple algorithm will be given. Suchnalgoritﬁm is used for

4

pictorial information extraction, and will facilitate the

- descniétion‘of the subsequerit algorithms.

L}

©
{

- ¥
v

Q

3.2 Input data / Definitions ) :

|

Input _characters are sc¢anned by a high-speed optical

scanner (ECRM Autoreader) and axe transformed ‘inte binary

£

{black and white) matrices. Figure 3.1 shows some sample

input characters.

L4

E3

-

~

The pattern is stored in a two~-dimensional® array, M,

‘with TOP & i < BOTTOM rows and LEFT & j < RIGHT columns.

[y

The (i,j)jfh element of the array may be eifher black

g;;white:‘ Figure 3.2 shows a point Pl along with its eight

neighbors:-_-The ‘points P2, P4, P6, P8 form the set Of the
. ’\'Q/:;.- . X .

ofthogona

s; €S,

l e

r

h

lements of. Pl.

L)

Let S.be the entire set .of elemen

L]

.

o

ts in ﬁheﬁpattern, and

1,2;...,n. Si,is called the observation window

o

and it is a rectangle with defined center (i,3j), height and

width.

A\

-

o

1

[ * °
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S kkk

L1
Ahkkkh - dkhkk
hhkkkk kkkkk

- _ kkk kR * kk k%
KKk kk *kkkk

) kkkkk kkkkk
MR T XY X xRk Rk
*hkkk *kokk ok

*okk ek hhkkk

*k ko k Khhkh
hkkhk kkkkk

khkhkhhkhkkkhhkhhkhhhhhkhhh
AR R RSS2 22 2 X 2t E
khkkkhkhkhkkkhkhkhkhxhkkkkk
hkhkhkhhkhhhhkhhdkh ki

* ook ok *kkkk
ko ok Kkhhk
*ok e P
Ahkdk PPN
Ahkhk - * ok kA
XX XX L X 2 2 3]
Ak ok k *kkkk
Ahkhk *hhhk

. Kok ko *RA kR
Ahkkk Ahkkk
*hk 11

(a) Upper-case "H"

I3

thk **k

RIX1] hhhk

)  kkRk * Ak

. *kkk s Tk Akk

. ) Kk *hkk

o Y12 *hkk

hkkk *hkk

*hkk hhkk

" ok kk khkk

hhkk *hkk

% dedk ok dhok ok

*kkk ckhkk

) *kdkk ko

Akkh* Ahkk
AhhhkhhkhkRrhhhk

' 2322222222222
2232222232312 212 0

e hhkkkhkkkki *k

(¢) Lower-case "u"

Figure 3.1 Digitized .character samples’,

‘ ‘ -
. .
. > ,
SR .
. S
. . T kdedkhhk
. 2122223222
hkkkkhkhkkkhhh
Yo g g g ot Ay ok ek kK
C kkkkk dkkkk
*kkhk Tkkkkk
dkkk ) *k ok
E2 2.2 . *k k%
Ahhk k1113
*kkh *kk K
* ok kk *k Kk
*kkk * k&
T kdkkk *kk ok
'TI2) *hkk
. * ok kk I
*kkk % &Kk kkkk
hkkk *hkkk *kkk
K D kkkk . Khkhkkk  Akkk
dkokokk Ahkhkhk kkkk
*kkkk Khkkkkkik
¢ kA kg PP
*khkkdk Ak khk
hhkhkhhhkhkhhhhhk
TRRERARARR AR A
, kkkdkhkhhkhk kkkdkk
' hhhkkk * k&K

"(b) Upéer-case "Q"

*kk
. 232
. . hkkkok
kkkhk hhkhkk
* sk YT 2.1
o T kkkkh khkkhk
. hhhkhhhhh
' Y 22122
hhkkhk'
ThRRARR
' 22232222)
khkkhkk khkhkihk
*dkdk e de e
hkkkk Kk kkk
hhkkk hkkhh
kkkhk "T111)
%kdek *okk ok
*hk Rk

kkk
ok kk
kkkokk

(d) Lower-case "x"

K

.
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T M sy et

. P5(i-1,3-1) | P4(i-1,73) P3(i-1,5+1) -
.| Peci,3-1) P1(i,3) | P2(i,3+1)
P7(i+1,3-1) | P8(i+1,7) P9 (i+1,3+1)

/
*

Figure 3.2 A point PI and its eiéhf neighbors,

-~

-
¢ ) a - .
1 >

3.3 The algorithm for pictorial information extraction
y , ‘ -

h

Given an observation w%rdow_and a gray-level Algorithm

3.1 (shown below) finds the black/white areas within the

window.® 'Notice that since we are .dealing with binéry

ﬁatterns; the gray-level of an element is’ either black or:

white, and its value, denoted by ”Grayﬁevel“, is either 1 or

-0, respectivély.

‘.

The algorithm starts by scanning each element within-
: b

the window and checking for a poin;. having a vaiue

"GrayLevel”. Upon locating such’a'point, it calls routine

FINDGROUP (i, j, NP) to find the group NP of points with

"GrayLevel” values, i.e. ‘each point in the group has -the-

same value and equal to "GrayLevel"”. It does this by ~

recursively ‘considering .the -orthogonal' neighbouring

.
- 31 - /
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.widfh,'and (b) The value "GrayLevel"”

Steps P L : :

' elépents. The 5x5 window in (ii) has three ‘whithe ’gfoups:'

elements, including and .starting with point (i,j). The™w

‘whole process continhes by‘detecting the next group, if any,

and - steps when'all groups with "Graylevel" points have been

found,

Algor#thm 3.1 Extraction of white/black areas

' Calling: Ca11‘Windbw(x,y;height,widthyGrafLevél)

Input: (a) Observation window, i.e. Center (x,y), heiéht,

e
Output: (a) NG, number of groups with value WGrangvel", and
[y /)\ i .

(b) GRy, an array, with the i-th entry containing the number

of points in the i-th group.

1. Initialize ' . ‘ ' e
1.1 NG = © o S ‘C.
1.2GR, = 0; i = 1, 2, ...
. 1‘ —
2. For each Point (i,j), within the window, Do Step'3
3. .If Point (i,j) = "GrayLevel" then
3.1 NG = NG + 1
3.2 Call FINDGROUP (i,j,NP)
3.3 G'RNG =NP \ . . . .‘,' ' . . iy v
“ As an 1llustrat1on _consider Figure 3. 4 (a). 'The 5x5
w1ndow in (i) has two white groups: one at the top—left with

17 elements' and -the. other at the bottom—rxght,with 4

e

one at the top with 11 elements- another at the bott 5igft
- k ! ) o

‘ot

- 3:2 -




. &
N\ with 4 elements; and another at the bottom-right with 4

elementk.

3.4 Thinnlngu/‘Smoothing

The digitized ch;récters, obtained by the scanner, are
. thinned by applying the thinning algorithm preposedﬂ\Qy A.
Bel-lan and L. Montote [Bel8l]. Prior to thaé, some simple
o v .

smoothing operationé; such as(,those 'suggested: by S. H.

—

Unger [Ung59], were done to remové isolated points and fill

-8ingle point gaps. K ’ ,
.The thinnihg algorithm consists of an iteréiiye
process. At each itération step some black points are

[

deleted and replaced by white ones. The iterative process
is.-executed until the thinned version (representing thé

. ‘skgleton) of the pattern is obtainéd. At a given itgratioﬁ
?he patte;L is scanned. fo&rw times. The four scanning

‘ sequences (see step 2.4) are: a) top tdo bottom and 1eft to
"’right, b) top to bottom and right to left, c)*lef; to'right
aﬁd»top‘to bottom, and d) left to right_anévbottOm to ' top.

At each scén, points are tested for Interior pt‘Bgundary
elements. Interior points are set to Ehe cuq:ené iteration
number ‘blhs .one. Boundary points are deiegéd uniess-they

. 3

belong to the 'Medial line. More details - pbdut the

L4

- 33 -



scannings,' and'the definition of the Boundary, Interior and

points on the Medial line can be found in reference [Bel8l].

-

Algorithm - 3.2 A, Bel-lan ‘and L. Montoto's ﬁhinninq

algorithm [Bel81]
Notation: M is,aﬁ array to hold the péttern and,M{ holdthhg
resultiné‘pattéfn after each iter%tioh. \

1. Initialize a o - K
1.1 Get the digitized character M'
1.2 Iteration = 0 ' )
1;3 fh%nned = False , .

2. Repeat Step 2 Until Thinned = True ‘
2.1 M = M . - - »
2.2 Iteratioﬁ = Iteration +11 ‘ ‘ : .
2.5 Thinded = True
3.4 Scan thé image four times and . '
| at éach scan Do step 3 ’

3. For each Point (i,j), Do S “'w‘j
3.1 M"i,j i3 . .

3.2 If Point (i,3) is an Interior point Then

. MY, . = 4
. 1, Iteragion 1 . '

3.3 Else if Point (i,j) is a.Boundary point and
it is not in the Medial line Then

M o= 0

'.
1,] . ‘
' Thinned = False ' .

= .
= M. . .
. .
.

9
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- WINDOW, NG and GR. .
a) Filling operation

- "Steps

———— 'v' N N P

Figure 3.3 shows some of the -reéults"of' thinning

applied to Figuge 3.1. . . ' :

The resultipg thinngq character undergoes ‘a ‘smobthing
process which consists of two operaéiohs: . |
- The filling ope?atiop'to‘fill in sharp corner points
« The deleting operation to eliminate small bumps

Every point in the input ma;rix is scanned (from top ;6
pbottom - left to right). Each time, a 5x5 or 3x3
observation - window (see algorithm below) is. checked to
detgrmine whether its central point will bé changed (from
white to black - filling operation, or from black to'white -
deleting operation) or maintained. The two operations are
done simultaneously in oné séan.‘ Figure 3.4 shows the

matrix configurations used¢ for the smoothing process

(including their -counter-clockwise rotations by 90, 180, or

[N
270 degrees)..

Algorithm 3.3 Smoothing operations

Note: See section 3.3 for ' the deségipfion of procedure

,\

1. For every Point,(i,j),,Do éteps 2-4

'2. Call WINDOW(i,j,5,5,white) ; . L ‘ﬁﬁg‘

- 35 =
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» ‘

, Figure 3.3 Results -of thinnihg.' ‘The *'s show. the /
co 3 4 gskeleton; the —-'s are the deleted points. =

.
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LTI RTeATY. ¢

. 3. If NG =-3 and GR

T
q° ' )
t
d
* * * * ‘# * *
% *
q *' *
(i) (ii)

. T
- N .
(a) 5x5 matrix configuratibns for filling operations, -

t

” 5
. * S ¢
* * N * *
‘.
T SR * *
’ . .‘ u. !

(1) . | (ii) ; .

(b) 3x3 matrix configurations for deleting operations,

¥

Figure 3.4 Smoothing operétions. The *'s and blanks
. represent the black and white points, respectively.

-

I'd

K = GRl and GRm = l},Then_
{ k,1,m can be either 1 or 2 or 3 }
. Set Point (i,9) = Black .‘ : ' , j o
4. I£ NG = 2 and GR, =.17 and GR, = 4 Then. .
k 1 %

{ k,1 can be either 1 or 2 }

4.1 Call WINDOW(i,j,3,3,white)

R

'fi';ﬂaﬁf&’»mm -

YIS .
¢ G



R " ' . 4.2 If NG = 2 Then

, -
f | © . set Point (i,3) = Black
! ‘ ' .
o | |
,§ . | b) Deleting opergtion \[ ' ; A |
o 1. For evéry black Point (i,j), Do Steps: 2~3
e 2. Call WINDOW(i,3j,3,3,white) ) ;.
7@ 3.'1£ NG = 1 and GR) = 5 Then
'?' Set Point (i;j;,= White A
} \ - / | ' R ’
) fiéure.B.S'illustr;tes the .effecés of the.. smoothing
) operations.
i .
| - 3.5 Point Labelling and Reductiocn
; ‘ - : . Eaph Point ’gf' the thinned vérsion‘of a character is g
i : classified as a cross-point (C), bend-point (B), end-point ’ f
- (E), or Interior-point’ (I) (see élgo;ithm 3.4 below). 'for g ﬁ%
. each point, tﬁéﬁhumber of the white groﬁps{. NG,‘ﬁand the '%
X - ;‘ - number of thg ;hite pdints id eaéh group,‘GRi; (i beinthhé ~h,.- ,z

i-th group) ocecurring in _the 8-neighborhobd, is found.‘

4 Depending on these two numbers a point is -classified

3

iéccordingly, i.e. an end-poiht (E) has only one group of
s ! white points, étqi | N
- 38 -~ : .‘ ‘ ’ -
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[

Algorithm 3.4 Poxnt Labelling . . i

o &

Note! See section 3.3 for procedure WINDOW, NG, and GR

[

Steps . .

l. For every Point (1 j), Do Steps 2- 8

2 Call WINDOW(1 3,3 3 white)

3.IfNG=“lTheno—} =
Set Point (i,3) = 'E’

4. Else if NG = 3 Then L -

Set Point (i,j) = 'cC' -

&

' 5. Else,If NG = 2 and'GR, = GR, = 3 Then

2 ¢

Set Point (i,j) = 'I' | . Coe

6. Else if NG = 2 and.GR, = 5 Then . .
{ k can be either 1 or 2 }

Set Point (i,j) = 'C!

. 7. Elge if NG = 2 and GR, > 2 Then

3
{ k can be either 1 or 2 }

Set Point (i,j) = 'B':% . B
.8. Else Set Point (i,j) = 'C' : -

\

During’ the labelling process as well as after its"

completion, a reduction process is‘performéd to reduce

number oflpoints labelled as cross- or bend-points.

Algorithm 3.5 Point Reduction

Steps . .
‘1. For'every Point (i,j), DolSteps 2-4

\

2.—For everi 8-neighbouring Point (x,y), De Steps 3-4

J
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fconnec;ed by lines, called branches. A branch can be: a) A

4 . * T !
3. If pPoint (i,j) = 'C' and if . = S , /
Point (x,y) = 'C' or 'B' Then ' . - \:o'. 7
3.1 call WINDOW (x,¥,3,3,white) o ~
3.2 Y£ NG < 2 Then | . ' ; \
Set Point (x,y) = 'F* . o “;," ; i ‘ :
" 4. Else if Point'(i,j)vé 'B;‘and - . |
' Po;m: (x,y) = 'B' Then h <

;et':' Point (x,y) = :-.I,' ‘ . ‘ ,

. o SR

®

3 ~

. ' B X ) ' . °
The, results of the processes described in this section
‘ .

are shown in Figure 3.6.

- 3.6 Graph Ttaveggdl LI N Ve ¢

-

s

' «-:T e skeleton (with labelled points) of a. character -is

-

. traversed and a graph asséciated Qith it is generatéd.“'

Figure 3,6 illustrates the labelling of points in the

skeletons of+ several characters. . 7 . *

iy

-

A graph consists qf a set ,of points, node-points,

gtraiqht stroké which is a single 'strai@ht line drawn‘

‘between the two node-poiﬁts, or b) A‘curved stroke whigh' is
. a sequence: gﬁ‘ straight lines drawn between two

. ] o
branch-points, or- a node-point and :a branch-point. A

- 41 -
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Figure 3.6 Point sLabellind a&nd Reduction :
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ﬁodé—point is: a)'an end-point (E), or b) a cfoss—boigt ()
' xhaé its eighf neigﬂbors form at least three groups .of white
points, i.e. ﬁG‘> 2 (see section 3.3). A branch-point is
‘either: a) a~bend4point (B), or b) a cross-point (C) that is
not a node-éoint.. Notice that by changing the.definitién of
.the,noae—points the resulting .graph representation of a

letter may be cha%ged.

1 l,”
;o '

The basic graph ‘traversal algorithm was taken from

[PavB2, pp. 100-102] and is listed as follows.
N

) .
Algorithm 3.6 Graph Traversal

’ : .

Notation: Procedure ADJACENT (p,n,N) receives point p and
returns the number of a&jacent no#le-points, n, storedrin the
array N. Eggctiﬁns\POP(p,sf and PUSH (p,S) are used fo pop

or push poiht p from/to the stack S, respectively.

- .

1. Find a cross- or end- or bend-point, p\’
2. Place p on the stack

3. While S is not emip'{-_y, Do Stepé 4-11 v .
4. call POP(p, S)' - -

5. Repeat Steps 6-11

6. Mark p ' , ) L -
i * ; 1

7. Call ADJACENT(p, n, N) , .

8. If n=0 Then exit from the loop N

L 4

9. Set p = N1

10. If n > 1 Then

s St et w1+
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11. Call PUSH(N;, §), i = n, n-1, ..., 3, 2 ' . .

. . v 3 -

The graph traversal algorithm is repeated for all

connected components of a character (i.e. i or j has two
: ne , p .

connected components). Single points can be easily

. detected. -

’ LJ

'Apart from finding the node-points,Jprocedure ADJACENT

outputs all bhe node- and branch-points that form the graph
Whaﬁ\follows is the description of the adjacent procedure.
. o . A
;'.'Algorithm 3.7 Adjacent procedure
;‘Noéaeion: Same as in Algorithm 3.6 i v
_l.setn=0 ‘ ) - ,
) 2. Fq: evefy skeleton and un-merked point‘(i,j), S
belonging to the set of the 8 neighbours of ésfng P,
'Do steps 3-5'3 " ' ‘. e .
3. 1f Point (i,§) = 'C' or 'B' Then ' R
3.1 Output it ' !
3.2 Mark it ]
) ;f If Point (i,j) is a node-point then A
c 4.1.Set n=n+1 .
‘@ - . 4.2 Seé‘N = Point }i,jf . ' ‘;

5. Else Get the next un-marked neighbouring Po;nt (i' ')

‘of Point ( ,j) and Go To Step 3
\

-

Y
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B, e o Fra w W meernere o

2 * * 5
1.*.;-o-¢o.50’o-|o-*.4
3 * g

(af Upper-case "H"

5 * * 7
m'o ‘e
4 x .
) -‘. " _...*..l
x...x [}
3 2 * 6

' (c) Lower-case "u"’

7 XeoeooeX 8

6 x -
. x 9
L2 W, .
5_‘.x, . L]
. - X 10
.. ) o*.o‘l
LI ] '.lx [
4 x 3 .
(- X - * ll
(b)) Uppgr-casé "'Q"
2 * * 5
‘*. l
° . 4
[ L3 .
'3 *o o* '4
~(d) Lower case fx'

.~

Figuteﬁ$£7 Gt&ph representations of characters. The *'s

.'s are the. points
traversal sequence. -

ignored.

- 45 -

.are the node-points; the x's are the branch-points; the

The 'numbers show the
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B ]

p /L“\here are 8 such 901nts }

E””?’l /of ‘algorithm 3.7 may be omitted i§ the

StE

d1stance“Betugén two sugkessxve p01nts (that are output)

less than a thresho;d (a ghreshold of 3 was set).
. . . .

.

Figure 3.7 shows z\e graph representations of certain

characters. The *'s and x's are. the node~points and the

- branch-points resﬁecéiyely; These are- the points that form

the code. The .'s are the points ignored., éegides each
nodé-point or branch-point there is’'a number indicating,thg

sequence of points visited during the graph traversal

o

2}gorithmt

Ce
v

Figure. ‘3.8 illustrates . the linked representation of
such graphs’ as maintained by the Character Generator (C;G.)i‘

.

' . /“\\ .

iy 3.7 Interactive. Graphics Editor
» . R - 1 ‘D

/‘

The Interactive Graphjes Editor (I.G.E.) provides a.

R . L
user-computer interface and incorporates a simple shape

management system, -Its purpose is-twofold: a) To modify the

graph representation (i.e. code) of a character in order to

adjust possible inaccuracies; and b) to.define new codes for

- related characters or other shapes. Notice that for high

hd 3 M M 1 ——

amra

J.X“V ‘.l ' * ' A

e o b € nereton
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7
(1) (2) 3 | ] e
® a’\ Q‘ .% .—-—ﬁ PY .-
1[‘ .
B .
(4) 1 (s (6) .
P~ ) s ~> °
) .
.‘q‘ 2

(a) Upper-case "H"

(1)

(2)

I

.,

'l (3,4,5,6,7,8,9,10)

(b) Upper~case "Q" -

Figuré 3.8 Linked representa'tions of graphs,

"
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S5 (2,3,4,5) &) | L

A %
F
A2

g (c) Lower-case "u"
(1) (2) - (3) (4) (5) o
, . : ) . t
) . , . :
—— ~——9[ —t —
i . ;
' °
[
(d) Lower-case "x" ° |
‘ Figure 3.8 Continued.
, ‘
f) ’ '
K‘ B \ ll ‘ ‘.-
v o " - resolution devices, cerfain codq inaccuracy adjustments
: 3 (i.e, the branch-point labelled as 'C' of upper-case "Qr. (
: in Figure 3.6 (b)) witl not be necessary. ’ Cu X
.

*

f . | o The I.G.E;f executes in the form of a closed loop. The
i . o ,
, i . o ~ first step of vthe ,1oop prints out a prompt sign (2"

- 48 = S o .
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A Ay

.or thumbwheels input device.

".or manually. Notice that this manual oper#tion does not-

eady’ for a * command iég::j What , .
follows is a list o{ the mbiﬁ' commands along with a . o
/ ’ .

descriptioﬁ of their fuﬁcti ns. b
Command . ' tﬁon
A \,,

i.‘fGet, name |, Get a character shape* f
2. Display, name‘ Display a character shape**
3. Erase‘. , ., Clear the screen** ‘ S
-4. Create, naﬁe o Create a chafaéte? hape***
5. Change, name Change\a'point*** of a“character

' ‘ shape :
6. Renahe, nl, n2 .. Rename a charactér shape . \ R
7. Delete, name ' Delete a charac:er ééape .
8. Store, name " Store a character shape
‘9, Save : Save the wholé data base
10. End »ﬁnd the program

* A code is aséigned to each character shape, i.e.” 1 for
upper-case "A", 2 for Upper-case "B", etc.
** The Tektronix (PLOT 10) Graphics system was used. ; .

*** The coordinates of points are received by the joystick

‘

The'functions of the I.G.E. as well as the code \

derivation process itself may be done in an interactive Tode

- 49 ~ .
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require considerable time and effort, since. the code bears -

the main structure of a character. !
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Chapter 4 o -
T

The Character Generator

4.1 Introduction
In this chapter the segond process of the syﬁteh,  i.e.

the decoding. or generation process, is discussed. Its

-

‘function depends in a way on the code - represented in the

form of grqph - the derivation of which was described in the

previous chapter. R . o«

By aﬁplying ‘simpIe and different transfbrmation;i
opeiations on a single gra§h4of a letter, different styles
of characters are.obtained. A total of five such styles are
discussed. A variety ‘of other styles may be devised by
either mixing their proéerties or introdubihg new ones. The
characteristics of the type-styles under consideration may

represent sténd;rd or non-standard character fonts and are

,used in many applications such as advertisements, etc,

Exper imental results and illustrations of the type styles

will be given in the shbsequent chapter. .

2

As in '[Knu79, KnuB2];, characters are generated by

PR R SRS

e AT



P IR

o

-descr1b1ng (u51ng the code in our case) the motion 'of the
‘center of a pen. The different types of pe‘§*€nd~the%r

" parameters will be discussed.‘ The type sStyles may be 'a

serif or non-serif design. The origins, importance and the
different types of serifs will be included. Family

.

variations in size, boldening and orientation have been

achieved. ;

What is challenging and important: to note, in this
chapter, is the generation of characters in differen£ styles

. &
and sizes, from a single description (i.e. its code)..

\

\
AN

4.2 Type Styles

-

The code of each letter is read from the Data Base

(D.B.) and 1is maintained by the proéram in the form of a

*linked list (see Figure 3.7).

-4,2,1 Type Style 1 ' - o '

e;this is the easiest style to generate, sihce it is

dip
{{)!

based, in a way, on a.look-~up operation. Characters are

' generated by following their corresponding 1isked

1
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N -
representations in a straight forward manner. _The MOVETO a

point and the LINETO a point aré the basic operations to

“

draw straight 1lines. Curved strokes are formed by joining

pairs of édjacént points with straight-line segments.

. ’ e
4 ) - o X -

f_For exampi;, looking at Figqures 5.7 and 3.8 upper-case

LT LI éeneratod as follows: A line is drawn' from point 1 to

~.

point 2, another from 1 to 3, and anofher from 1 to 4.
Then, a 11ne is drawn from point 4 to point 5, and another
from 4 to 6. The cur{_g stroke of lower-case "u" is made of’
small straight-line ‘segments séarting at point 1, go;;g
throqgh points 2, 3, ‘4, and-finishing at point °5. Figure
4.1 shows_ some samples of chafactgza*gf;wn in this Type

| B '

Style.

U

4.2.2 Type Style 2 - -

iy

NS

. ° X
The design of(:his style is the same as style 1 with

the exception of \the curved strokes. A curved stroke is 6//

- smooth curve passing through a set of points (obtained - from
- . -

the code), and is dg;ived by an jnterpolation process. Some
interpolation techniques are discussgg} in [Hhr83, PP
377-399]  (see also  [Pav82, pp.  215-230]).  The.

inté}polation-procesg{used to generate curved strokes was

- taken from [Ha(PB] and;is summarized as follows:

/r ' ’

. a 8

N
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Figure 4.2 Samples of characters of Type Style 2..
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5 . ' /t
; I‘.et' (xl'Yl) ’ (xz-,!'z) rosees (xn,Yn) be a set of'??mts. L 'Ljas
g : Then, a polynomial curv passing‘ though - these points, is, %
} givénoby the fol‘lowinﬁbnctiod: , . : Cee e i
! | | S -

1
| . £ (u) =E xBylw T . A v
. . . N . . E 3 > . t » ¢
; , h . “i=1 N R PR 1 y ) L [ ; ¢ ) f ':“J.
. . 'n ' - . o . R
, . ‘ fy(u) = y’iBi(u-) - ’ T - \ ‘ '\:
. e i=1 A P ' L
. , ® . 3
.3
Where Bi(u)-éré called the blending. functions. Forua set of ) ,[f”
four sample poirits (as~this‘is tﬁe case) the fbur blehding 4'~Hf
) K functions are: d -
k o+ By(u) = u(u-l) (u-2)/(=6) - - .
| . Bylu) =(utl) (u-1)(w-2)/(-2) . oy o
'd \ ' o 7 T
§, B3(u).=(u+1)u(u-2)/(-2) = - o »,\;\\—/),j‘ { C N
By(u) =(uwtl)u(u-1)/6 /. T e |
J ' . \v' !
; Hence, given ,n sample points, we fipst take the four
ii;' : E consecutive paints (1, 2, 3, 4), such that the apptoxiﬁated \ é
. . .. » * . , )
’ curve will pass through the two middle points (2, 3). Then, R I
we step up one sample point, picking up a new sample point ‘
[} . .
-at one end aqﬂﬁdiséarding a point-at the other end (2, 3, 4,
; § ' 5). We can then approximate the neft portisn,df' the . curve
(3, ' 4). We continue moving through the sample points until
- : o - ~ )
| .
o " ' C :




A

4

K 4.2.3 Type Style 3 ‘ o ‘

i

v

the curve °‘is. drawn,  Notice that,  if. each section is

abprqximated by three straight-line segments, then each

section will require thé blending function valueé for u at
0, 1/3, 2/3, and 1. -

. -

Some samplés-of charaétérs drawn in this Type Style are
shown in Figure 4.2. Notice the smoothed curved strokég in

L4
the upper-case "Q" and lower-case "u",

L
A

\

e

The characteristics of this style are mainly the* same

k‘ ) . M I\ [ 3
as in style 2.. Characters.are forme%hby a combination ‘- of

straight and/or smoothed curved strokes,-depending on'their.

corresponding code. What hakes this style unique is that

f A}
N ooy s .
stroke. . RS

b

' -
.

A

';tﬁe code. . Such strokes are obhaipquwhenever the absolﬁtL

slope difference between two adjacent lines (i.e. strokes

4

having a’ common node-point) is 'less than a threshold (a

threshold of 0.3 was sét for this condition). That is(' a

' v ¢

stroke is ‘present, ifs L -

. .
t 3

the width of a straight stroke yarieSTuhiformly along the -

' Furthermore, ®ertain strokes need to bé extracted from

&

2SR TE o G SIS



1]

P

M -

{ .

i

} o P \

+ - .

e .

o |

| .

1 oz ’

) =, .
; & /

—~

i N
'
. ' e
s ' L]
; -
t .
‘ N

’

-
.
. .
.
1
4
*
Ve

.
; -
! » -
! .
3 , N

@



4 to 6. . . »

lS - S2 < Threshold

where Sl and 5, are the slopes of the two adjacent lines.
s

'

For example, 1looking at Figqures 3.7 and 3.8 the

following; strokes wilI be extracted for upper-case "H" : a)

A stroke from point 2 to point 3. It is formed from the

lines: 1 to 2 and 1 to 3, b) A stroke frem 1 to'4, and c) A

" stroke from 5 to 6. ‘It is formed from the lines: 4 to 5 and

fw\ . e
Stroke width variation is accomplished by changing the

pérémeters (i.e. vheighg,. width) of éhe‘pen (see section

4.3) used. If LEN is the length of a stroke, P spands for -

the one parameter (either height or width) of a pen, then,
the fesult1ng size of the pen varies from 1 to P along the

stroke with an increment of P/LEN.

Figure 4.3 shows samples of characters representing ‘the

Type Style discussed in this section. Notice the stroke
‘ t

width variation in the straight strokes. -

4.2.4 Type style 4

.This ' type style is characterized by circular arcs.made

out of straight 'strokes. Again, the curved strokes may be
. A ’ .

E]
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smootﬁ curves, and the extraction of :certain  straight

strokes is needed’and performed as described in section
k4 . PN

<

4.2.3. The major rules used to transform a stra{ght‘stroke

into a circular arc are:
N

K

~ .

(

.a) A'vertical stroke (i.e. no slope) is converted ‘into a -

.

‘circular -arc, opened : i) leftwards if it lies in the

left part of a character, or ii) rightwards if it .lies in

the right part of the character e -

b) A horizontal stroke (i.e. ' slope is zero),is_;gp@érﬁed

N

into a circular arc opened : i) upwards if it lies 'in the B

¢ top part of the character, or ii) ‘downwards if ;t lies in

the bottom part of the character
c) An inclined stroke (i.e. -slope is positive or négat;vey
‘isn converted into a circular . arc opened : 1)

leftwards—-upwards if its élope is positive, or ii) "’

rightwar@s—upwafds if its slope,is qégative;

-

L

e’ . .

Figure 4.4 illustrates the construction of a circulaf -

.

. \'_-‘
arc. A(XA,YA).and B(xB,YB) arg Ege end points of the

~straight stroke AB and M(XM'YM) is 'its mid-point. The

center C(XC,YC) of the curvature is found as follows :

Let: ay = X, - X, and a, = ¥, - Y,. e .

Since CM is perpendicular to AB, we have:
al(xC - xM) + az(Yc - YM) = 0 ‘pg : .
Xo = Xy = ay/a; (Yo = Y) (4.1)

. ) .

3.60 -

¢
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same 1ength‘r; we have:

o

radius 6&f the curvature) and the distance

are, respectively:

2 = (xg‘- xA)z + (Y, - YA)z (4.2
2 _ _ 2° _ 2
a?'= (g - % ? + (¥ - ¥y (4. 3)

‘Since the triangle ABC is equilateral (by definition), we

‘haﬁe:
a2 =2 - (x/2)2 (4.4

Toa

-

From (4.2) And'(4;4) we can find thé value of d. From
(4.1) and (4.3) we can find YC. _Hence, the center C(XC,YC)

of the curvature is given by:
.o PN Lo,

W
.

Xo = Xy - ay/a) (Yp = ¥y

. Yo=Yyl d/\/Qéz/al)z t1

*, Then, a point P(X,,Y,) of line AB (and this may be, -for

example, a cross-point) is placed in position P' (X5, Yp) of

_'the circular arc, and is found as follows: Since lines CP

and CP' have the same slope m, and lines CP' and AB have' the

.

r? = (% - xp,)2 + (Y - ¥y, 2 (4.6) , o

From (4.5) and (4.6) ‘it follows that:
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‘Figure.4.5 Samples o'f‘.characters of Type Séyle 4.
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Yo =Yg /N 1/ (n?) +:1
xp! = xc ‘-1/{m(Yc - YP,I)}
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Samples of characters representing‘this style are shown
in Figure 4.5. Notice the conversion, of the straight
strokes into circular arcs, and the adjustments, 1if

applicable, to ceétain cross—points.

. 4.2.5 Type Style 5
‘This style bears certain characteristics of the Roman

family of fonts. It is mainly characterized that within a

charaéter' i) certain strokes (either straight or 'curved)
are thin or thick, and ii) the serifs used are of the "slab"

type (see section 4.4.2). . The major rules that determine

“whether a stroke should be thin or thick are, in sequence of

-

order:

!

- a) A straight ‘stroke with positive slqpe must be thin.

&
Exceptions to this rule are the upper and lower case "I"

'b) Two or norenthick strokes never meet (i.e. this is the

case for upper case M or N, for example) . ag .

c) Use a horizontal'elliptical pen (see section 4.3). This
" has as a consequence ;he following. T

1) Inclined and vertical strokes are thick (except those‘

t
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that violate rule a);
2) Horizontal strokes are thin
3) Gﬂfved strokes hith'upward or downward openings -are
thi;
4) Curved strokes with leftward or rightward openings are
. thick . -
The exceptibh'to tﬁis~rule‘ is thg case of the right

" Yertical stroke the upper-case "U".

Figure 4.6 shows some samﬁles of characters drawn in.
Type Style 5. Notice the thickness of‘the»strokes as well

as the serifs. placed at the stroke ends.

-

4.3(?\8‘/ Erasers . -

Pens/eraserslfor chafacterxgeneration have been used in
[Knu79, Knu82}, and their use represents the imitation 6f
the human hand. The center of a pen is going (moving) from
point to point, while drawing a stroke. The .shape of a
stroke (straight or curved) is affected by ;he type of pen&
used (i.e. stroke width). The different tYééé of pens used

LS

are: ..
- Quadrangular

- Horizontal rectangular

_66 ._‘ R o~ ’ oo
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//“:kx%:/fchertical rectangular "

- Circular ) ) R

, — Horizbntal el%ibtjcai .

- Vertical elliptical

l ’ L - i
The parameters of a pen ate its height and width. The

guadrangular or circular pen need only one Pparameter, 1i.e.

”

the length of one side or its radius, respectively. An

"elliptical pen with h-height and w-width consists of all

points (x,y) such that: .
x2/ (w/2)%+ v/ (v/2)% < 1 PR

< a u -
Similarly, a rectqngula;fpen consists of all points (x,
P ..

y) such that: ' : e
1¢x<w and 1l gy.<h

< :
The pen or eraser is determined by the state of the

points,. which. may be black or white, respectively.-“Figure

4.7 shows vatious tybe5~of"peﬁs in different sizes.

L G i
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-
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! Serlf (or marker) is a portlon d( a character whlch 1%

removed will not result in a loss of or an ambiguity in the
i Yy

2|

character's identity ([Cox74]. Ser;fé ‘can be viewed as

’ Y . O ' .
embellishments in a‘%icharacter and are placed to the.ends of

?

Ju—
g
3

’ t strohes.

L e v o ——

.-
~

¢ : ' /
' \
. " the serif arise ? That’is, §ts origin, and ii) What purpose

does it serve ? That is, ; s impqortance. There ‘exist

. '>~ ' ﬁ; severai theorles on the ‘origin of the ser1f [Hoc73]. Among

¢

. X o Two questions are associated.with serifs: 1i). How did

them, one believes -that the form of the serlf. was

- : ‘E§ . condrtﬂoned by the chlsel while others are concerned not so

much with the stone—cuttlng tool as. w1th the method ' of
ot * . . ol
;f e > . désrgn or draft used by the lettercutter.ﬂ In [Hoc73], it is

L . . belleved that the use of the brush is the key to the ‘oragln

o
" I &

¢ - of’ the Roman serlf. R \ e -
? T . ) * *
. i . v . N, L . !
s: i s . N . '* ~ ’ .. : % N , , ' . .
g oL E ¢ ' >
: : Lo In answering’ the second question, again,(-several
R .
3

' .o “o
.+~ . 7 theories exist [Rob71]. One ‘theory believes that tge choice
.t * Y ¢
* # - of ‘typefaces js:. a matter of conditioning. People prefer

) .- -
. . certain typefaces because they have grown accustom;d to
):‘ ' o ! '

~ horizontal cghtinpity of a line, ot [ type. while still

. " y T . :

f ‘ another theory states thét serif-form characters convey mor’
A w ’ . . . . .

Lot - information to readers because there ar more lines present
T | ' v e

cee S “in each: character than in equivalent sans serif formi In

“fff'.-{ S [Rob?l] euch theoniee are being- refused’ and it is stated
' 5 e ‘ ' Lo ' : '~U” g

“
’ s, > < .
1 [ L - . R .
Lo | -6~ ' -
~ « .
o - v . . . . - ¢ \
ay . .
. . (I o ' A N

P ) them.\ ‘Another theory giates that the serifs increase the

. N.P 43
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that serifs are important in the perception of small
characters by humans. It is suggested that the neurological

structure of the human vislal system benefits from serifs in

-

the preservation of the main features of small characters

during neural processing. Furthermore, - serifs are not

useful for large-sized characters. Coe

1
4.4.2 Derivation and types of serifs

, P SR . N

R .
,,_."‘ .o . ¢
~ d .

- -~

. . There exist several types off serifs, i.e. slab (or

L
square), hairlines bracket, wedge, etc. [Gas76]. 1In this

tpesis,~tw6 types were consideregd: slab and bracket, because

there ‘'are‘ .the most commonly used.

The hairline may be
4 )

r )
obtain from the slab type (when w.= 1, see serif parameters

’

below). . The wedge 4lso éan be derived from the bracket,

accordingly. A variety of serifs in different sizes ig
- obtained by setting its two parameters: height and width

, (usually width is greater than height). ) .
) DA .

\

‘ Figure 4;8.illusttates the construction of tee serif.
The h and w;a\re thé' Height and width, re’:ectively. Point p
is the center of the serif and represents the location of
the serif placed within the character (note: 1t.is extracted
ffomﬂiﬂe code).. The slab type can be easily constructed
f:om the ‘mentioned paraneters. However, the bra)ket type

[N
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Figure 4.8 The construction of the serif

s
¥

needs the extréction(of the points™®, 2, 3, and 3' (see

Figure 4.8). —It is formed&two parts 123 and 123°'.
Each set of points ‘(either 1, 3 or. 1, 2, 3') is

aﬁptoximated by a curve using the Bezier polynomials. Some

curve ‘;&tting problems are discussed in  [Pav82,  pp.

:215-230} . _ The Bezier polynomial “bsed for serif construction
4

can be summarized as follows:

Given po;hts Pl, P

. gt = e s ‘,Pm (m is set to ; ?n our

case)}the Bezier polynomial is defined as foilows:’
Py p(t) = By o () +e{Ry, p(E) - By o ,(0)] |
where Pi;j(;lfginotes the ?ezier po}ynqmial for Pi' Piyre -,

Lo P .
o o 'Pj. ‘ N, . - \°~
- )
-
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Figure 4.9 Serifs in different types and styles.
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Serifs are ma}nly placed at’the'ends of strokes. Their

L)

orientation depends on the stroke orientation as follows;

~"Stroke Ofientation Serif Orientation

i Il
Vertical Horizontal
o ! A
Horizontal . . Vertical .
Curved, : : Vertical , -

’

A

The major rules to place serifs on a character are:

a) All stroke ends take serifs

4

'b) A horizontal stroke end on the top or bottom of a

character takes a half-sized serif. This serif is placed’

. on “the top or bottom side of the stroke if tﬁe stroke

lies in‘.the bottom or top part of the character,

o

respectively v

c) A Vertical stroke corner takes a half-sized serif. This

serif is placed on the left or right side of- ;he stroke
if the stroke 1lies in thé left or right part of the
character, respectively. l
Note: A stroke egd is an end poiné of a stroke without
‘ inte;section with another stroke., A stroke cqrnerugs

an end point of a §tréke intersected by another
. -

r
Pad

stroke. Lo
(] S | ‘
. Figure 4.9 shows the various types of serifs; in

i \

different sizes. They are placed at the ends of éiftereﬁt

stroke orientations.

§
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4.5‘variations_of type styles
. . ‘ ‘
' Among the advantages ‘of the proposed method is the

flexibility provided. Given a type style, .a variety of

different automatic modifications can be. accomplished,

‘includingg

~ Boldening ' ‘ ¢ o ®
- Size variation '
- Ogientation

o
Boldening refers to the thickness of a stroke (i e.
thin . or thick stroke) This is accomplished by the use of
pens. One has to select a type pen and set the appropriate
values to its parameters (see section 4.3). °

*‘ rem

L}

Size vasiation refers to the different character sizes

(i.e height and width). This 1is accomplished by the

so-called windowing transformation described as follows: The

{

coordinates of the code (representing the characters) reside

”

in the so-called virtual space. It is a rectangle, called

window, (defined by the‘ user) with lower-left corner at . -

(lef yb) and upﬁer-right corner at (wxr' Wyt) (see Figure

©4.10 (a)). Every point in the virtual space is to be mapped

onto the so-called absolute (or screen) space. It is a;y

rectangle, called vieyport, with lowereleft corner at’ (vxl'

Yt) (see rignre 4.10

vyb)- and ' upper-right corner at (vxr'

(b)) . The viewport is part- of the screen where the window's

- 74 -
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contents are to be displaygd.: A point (xw,yw) in the window

is mapped onto a point (XV,YV) in the viekport as follows:

v -V -
xr x1
Xy W - W (X, = W) + Vy
Xr x1 :
V., -V
N 4 yb -
Y, I (¥, wyb) *Vep €. .
yt vb

By'changing the ranges for the virtual‘and/or absolute
~Space(s), .different character sizes may ﬁi\obthined. In

V‘b ,constant-

practice, we keep wxl"wxr' wyb' wytf Vxl and y

- and we ghange Vx and Vyt (representipg the width and height

r

of the character, respectively):

-

Orientation refers ) to the different B chgractér

slantings, and can be:

.— Horizontal orientation. A character.is pushed to the left -

-

, or r@ght.from its top part keeping 1ts-bottom‘part fixed

'.- Vertical orientation. A character is pushéq to the top or

bottom from its left part kéeﬁing its right part fixed.

4

v 8

L

There exist two parameters, 8, and 8, for the two

. . ) t H .
orientations which, {if des rga?” may be performed

simultanecusly. . The horizontal orientation is performed as '

follows (see Figuré 4.10 (b))
Given an angle ©, we have:/// L v

| Tan(@) = Y, / X, or - ‘ o

! N D |
[

. - TG - .
. . !

e g

o™ b




o
¢

B

ESSE i

e

“a Nt e e -

e =

i

o

Tan{®) = LENGTH / (Y, -V, + 1) -

v

-

tbe above equatiod . Then, starting from the top (Vyt) aﬁd

going down to the bottom (Vyb) the slanting varies from

/LENGTH (o 0, /with a decrement of LENGTH/(Vy -V

t yb)‘

Similarly, .the/ vertical orientation is  accomplished.

I;Lustrations will be given in the next chapter.

p—
.
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' then displayed (using the run-

‘ théh;“yiz:

. .
e . ¥ . I3
.

The algorithms described in chapter 3 and 4 were

fwritgen in PASCAL and run on the CDC Cyber 170/835 Computer.

The generated characters were displayed ‘on the Tektronix
4010/1 display device. It is a storage-display CRY términgl

witﬁua screen of 1024x7§0 addressable points, and measuring

- 8x6 square . inches. 'It should be emphasized that the

implementation of the proposed

1

A ‘generated character was temporarily held in a buffer and

ength coding) on the device.

[]

A variety of related font

a number of gloHal parametérsu These parameters are entered

. , o ¥ .
integact{vely by the user, and there are totally. eight of
» s , . Y N N

- iwo parameters are used to de;grmine the size (height,

s

width). of a character . -

- Two ﬁ&rameters are uséé‘tq determine the size (height,

. widﬁhy of -the pen. The. circular ‘pen’needé.only'bhe‘g

o L .
< - e .,

S BN , . .

' - 78 - - ‘
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system is device independent.

. . * u“:
can be obtained by choosing. °




REDLS

- character, the size of the pen, and the size of the serif

parameter, i.e. the radius

- Two parameters are used to determine the size .(height,,

width) of a serif . @

- Two ° parameters are used to determine the orientation
h ‘o

(horizontal, vertical) of a character. Forliillustration
, -

" see.Figures 5.15 - 5.19.

".Notice that the parameters used to detefmine the size of the

take their values from the absolute space, The rest of the

parameters take their values from the virtual space (see

chapter 4, section 4.5). . - -

Tests were conducted on five character fonts. One of
them was intuitively designed by the author. 'Thé other four
are~the'following standard cbarﬁ%ter fonts:

a) Orator. It is. a sans-serif type style recommended
.pspeciaily for 'speeches, charts or headlines ?;equiring

the utmost legibility and impact

b) Letter Gothic. 1It is SEBahs-serif design, and ideal for

iﬁboices, statements or other typing applications

'e) Courler. It is a square-serif design, and ideally suited

N
. for ‘reports, ofificial correspondences, judicials, and

of £set reproductions - .

d) Pica. It is a sqqare-serif'aes&gn,'and well.'é{ited for
\ ‘ . .

general corresppndences,'stencils and multiple copies.

-
'

.

. h
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Table I. The size (rows, columns) of different
’ character fonts.

Character | Height-H Width-w  Size
Font ' (rows) {colunns) * (HxW) |
. - !
Orator 24,15 19.21 463.92
Gothic 27.00 16.26 439.02
Courier 21.25 19.26 409.27 | :
Pica 25,05 20.61 516.28

These standard character fonts were typed by an IBM

-~ typewriter and digitized by an . ECRM Autoreader. Table: I

- shows the average size (height, width) of a chara@ﬁer in

different ﬁharécter fonts. Notice that all results (shown

below) were derived by averaging over the 52 (i.e upper and

.lower case) characters in a given font.

. i

Each digitized character font was fed into' our system

.to derive ‘the codé¢ from which the fiont could be reproduced

subsequentiy. Some experimental results are shéwnxip Table

‘ *

II, where: The coding size'refers‘to the average number of

points needed to describe a character.. The derivation ‘time

refers - to the average CPU-tfmé (in seconds) consumed by the

. s > BN . N
- N , AN
f Lo
’ : - s" ]
.. K ‘ . .
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Picture Descriptor to derive the code of a‘ character (1/0
time: is not included). The generation time refers to the
average CéU-time (in seconds) consumed ﬁy the ’ Character
Genegator | to ' generate a character (I/0 time |is not
included). To generate the éharacters, the same paramg#ers
were used for all the fonts, with Mthe folléwing
spedificatioﬁs: a 35x35 window, a 80x80 viewport, and a
circular pen of radius two.

From Tables I and II thé folldwing'may be concluded:

-

a) The . coding size depends on the complexity of the

“character font, i.e.. th coding size of tlfie sans-serif

character fonts (Oratdr,Gothic) is smallek than that of

the serif design fonts (Courier, Pica) becalse the former.

1
are less complex .

b) The .derivation . time depends on the size of th

characters, 1i.e. the Courier type style wi%h the
e

’smallest size needs the smallest amount of time to dérive '

its code f

c) The generation. time depends on "the ' complexity (serifs,

sans-serifs) as well “as on the size of the characters,

i.e. compare the generation time of the Gothic, Courier

é\ and Pica character fonts, i

- 4 .

Figures- 5,1 (a) - 5.4 (a) show the enlarged (four
times) versions of the actual IBM type styled: Orator (Thls
fon't ﬁas désigned by my supervisor Dr. C. Y. Suen and

P -
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Table II. The coding size, derivation and generation

CPU-time (sec) of different character fonts. .
- Character Coding Derivatiou\ Generatlon ' v
Font size CPU-time CPU time
Orator 7.0192 | %.3757 0.1737 o,
@ . : . .
Iy i - p ‘
Gothic . 7.5576 2.2313 0.1943 : -
. . [} “
“Courier {}1.2500 2.0484 » 0.1992 .
Pica ©11.9230 2.5369 '0.2346 | °
< ' . ' !
. . . N R ['

N
L
T

: ., given to me in a digitized form. Then, it was piotted by

the TRILOG PRINTRONIX printer/plottgy and enlarged (twice)

as shown in Figure " 5.1 (a)), Letter Gothic (12 pitch),’

‘Courier 72 (10 pitch) and Pica 72 (10 pitch). Figures 5.1

(b) - 5.4 (b)-show the C.64 reproductions correspondiﬂg Eo

. ",the original character féntg. 1In all these figures a 80#80
i ' viewport and a circular pen of radius two were set (}w
- s W

Figure 5.1 (b) the radius was set ‘to agg units longf

Notice that characters with descenders‘(i e. 9, P, q, yh

were arbittarily raised above the base line. The twowshapes

(originals,'rep:oductioqs) are to-a large extén; ‘similar.ﬁ

However, it should be emphasized that:

- a

Lo .. . .
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a)iVarious distortione or inaccuracies exist due to: N\
i - { .
i), Typewriter, i.e. ribbon L M -

. ’ -
‘o }

; ' o ii) Photocopying during theé enlangement proceps of the'

i . ~ 0

.~ ] or1g§ﬁal shépes

.l -

\ iii) Resol§g1on of both the scanner<§;; display devices

f ' ///J E perception. fh;' author may be

|

‘b? The ekmilarity of the shapes Wi\ﬂp:esed on  human

one bq a Eype
dﬂeSignero - . ‘ < - ) .

3 '\1 . 3 /:‘\/‘
Given a-'character fong,’a total ‘of fjpe type styles

~
;

. N o R
(discussed in chapter 4, section 4.2) can be derived. These

o . type styles are used in a variety of applications (i.e.

advertisements) and their characteristics may represent

o

Etapdard or non-standard character fonts,; i.e.:

« s . B [/{
’ . .. R .
: - o

Type Style 1 does not express smosthness, like OCR
~n

Type Style 2 is used to reprggfuce the original character

font in question, Ive¢ Orator, Courier, etc.

Type Style 3, - though' seemingly crhde,.expresses freedom

and brings to mind Chinese writing

-

Type Style 4 is used to imitate (simulate), ' to some

v extenf, handwriting{ i.e. script, cursive' - °
} S ﬂr Type Style 5 is used to imitate fonts relateq (belongiﬁg).u
.ot 4 !
‘ - to the Roman family. T

N . « 7
.
’ ‘ - -

);' \ l N ’ A] . h1
. , Table III shows the CPU-time (in seconds) taken ¢€o
f geneiate the different Type Styles (derived from our:

: A ‘ o 7 L ‘
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Table III. The generation CPU-time @sec)

of the different Type Styles.

.Generation

Type Pen Serif Figure
Style | CPU-time size. | size nuniber,
» . v
, ..
0.0914 2x2 . = 5.5
1 —
0.1644 6x2 - -
-0.,2275 2x2 - ‘ 5.6
° 2
0.4076 6x2 - -
' 0.1989 2x2 '- -
o <{
0.4229 6x2 - 5,7
0.2527 2x2 - 5.&
4
‘l
0.4745 |  6x2 - -
0.1992 2x2 16x6 -
5 0.3514 - | 6x2 | 16x6 5.9
‘ . Fad
0.6739 1 6x2 16x10 5.10

- B4 -
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\ we ‘can conclude that:

description) In all cases, a 60ﬁ90 viewport was set. The

different sizes of the elliptical pen used,-are shown in the

°

~third column. The last coluhn 1ndicaﬂps the Figures, when

applicable, shown in the subsequent pages.’ From this Taﬁie

I . +

\ ) ’ -

O

a) .The generation, time depends//oh the type ostyle in

question,‘i e. Type Style 1 takes the~1east time
b)- The generation tipe increases as the pen size increases
c) Much of the generation time is consumed in the smoothing

®

of curved strokes . N

¢ .

d) Serifs (especially ',the bracket type) increase

v

'conSiderably the generation time. R o
’ 2 W . /

v ‘

Below are some different type ‘styies derived from

various character descriptions along with Atheir figures
. “ :

,(shown in the subsequent pages):

»

Type Character Font Figure . T o -
‘ityle " description “ number ’ . Sl
.1 - Pica 5.11 o
3 Courier : 5.12
4 | 6tator .A 5.13 L, i )
5 Gothic 5.14 ) . .

: . . ¥ S, .
Notice that in Type Styles 1, 3 and 4 the cusfed

strokés were not retaining their. smoothness. Serifs were

b

‘3*8’5-. . g
t . T,

3

&

-~

At _“_:'_

-y
e

R
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: o 1 e -
Y ) - . . u N )
. ~ added. in. Type Style 5 (obtained ' froh the Gothic
. description). o " ,
. . ;
L4 % -’ ¢ - ' s I ' T ’
, . ‘ . Below are some Jdifferent’ slantings in degrees (of
‘ : different ' character fonts) that affect the otientation .
.o ‘_ ‘ ‘(horizontal, 'vertical) of the ch‘atacters, along with the
fig_ureé (shown in the :subsequent pages): -
¥ b “ - B ES
. A
Slanting ‘ L ’
. . . Figure
Horizontal Vertical number ,
[ . f
20 0 5.15
, R . .
. , <1 0 5.16 ’ ’
. L. . ) \ . A )
' ; s 0 . - 20 5.17 ' 4
] ) ’ 0 ® -20 ’ 5-18 . F X
. 30 ° C20 5.19 Ct
o - ‘ a . ' . . .
' . ' g ) 4
. ) .
° * ¢ LY
[y ‘¢
. ° ,“ ’\.. . ’ .
¢ . f : : X
. -~ "‘d ,‘~ '
! -t ‘. ¢ \ . ) [
- y . \ v
’ « ., ) N t. . ;é
i % v e . -
I b ' o - 86 - | \
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(b) C.G. reproduction,
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& Pica,

Figure 5

TR N



) . - e . - S ——————r - <

s
-

2 - o S . , -1 oT&as odAL g°¢ muam.n.m

SRR Nxx3>3wm ¢

<

Jpdouwyriy

I

! JOPOQRZAXM
ANLSUDJONWT
rIH943028Y




b
I
ANLSHOJONWT -
I w

~o

k4

*z 914318 AdAL g°§ @2anb1g

ZAXMANTS
ao:Exﬁ_
QPOQRZAXM

@

w71JHQ0m<

. LY .
N < > g
A = . <
i .
L . ) . . -
- - > e
< i . ¥ '
A - - - =
- -2
- > N *
¥ 4 e ~ » < . - .
.- .~ .
—_— ‘ - -~ e — ot —
A e T <. . ’
. ‘ \. x e .o ot s <
s e e o . [ J T " w3 -

e e ST SRy

Y 1

96 -



-
n

3

e e et e MU

) .
. : I N s o P
) M A - - . - A
~ -
. . .
. i y
. . 1
.
) e ) . \
' Y
- Av
4 -
‘ - * -
. o . .
* - \
F .
. . . «

o o ) - g oT&3s SdAL L°S wn.ﬂmﬂ.m . N

uw ety
JO.JONWT

e o . .

t
e~
=]

'



,,\

[\

4 o ‘ :
‘. 9
v .
N . -
. .
- * .
v’ B
- ) h -
- . - - s s
. 4 e *
. ', L r R » 7.
- . €
-
. .
. . - - .
] A
» N -
. ’ ’
’ B R ‘
-

" 5dkL 8*S @anbtd

3

.

@mmaum<




: ®
. ..
. L]
'
.
.
.. -
. T
. B
\
. .
.
)
. .
- A .
. N - -
.’ =
’ -
.

A

/ ’ * - -7 2 . : . - : . 3 N ‘ax‘.mysy:,..f, e oy
/, ) ‘ . - ’ LN ’ ’ ¢ . ’ / . ., .
¢ R4 . - ~ .. . .r‘.—- e .
g . T y. ) N &. : N . N ..a, . ». ) - \\.
LT T -sy1Ios qels YaTh G 91L3s odky -G SInbTA
- .N. ) . . - \A« .\ .0. . R . . . ,.
. N . - vz ) o ° i
® L . \ . ) .
b d wp yr.

' -

i /

' B

J9PO2qRZAXM

- . ) o ~
: . ) - N 3

N1sy¥Y0d0 ,

. N .

- - . ‘ - [ e
. R . . - -
‘ : . -
. A M - °
- ) . Y ‘
. - .
- - - K . .
- N 9 © ’ N ~ -
. .
- . . . : .
. s - . ' b < .
. ' - N T \ka 4
“ - ’ » _ . .
- . - ’ v * '
~ ) °
. ~ . v - . % -
[ - \ P .
. . . . . . <
. - . ’ |».-r L N -
q . . . = . i
- - - - v - - - ‘ . »
' * . - ’ ’ T ’ '
. . coe . . . . : - . . :
. T : v - . : ‘ .
. - ~ * . . r Y T, > - - - -
r| - -t e . - N |l
rien v+ % oot A S v A+ e e o . e e e e 1] N - . . = e

3
v

- .

4

¥
‘

. -

. °



e L _ ) :5
D . 13
T ] . . -sgTIos 39YORIq YITM § o1k3s.adAL 01°§ @anbTd
" Z AXMAD]S
. * . ,. - /, - . \4 ’ ~ . ﬁ .— - ‘r
N * M N o
. N hd - 3 ) .« - o
) . co oo —
- B . . : - . ~ N M - —
B-Jo9PpPOoOogqeZAXMN
\/. ; . . R . - . ' ,

“ANLSHYOJONKT
dr1HOAHADEY

> . . °
“ e . . s
‘ - -
9 ~

kA




ST ¢ FETTmETER A ANTTERAT T e, R e W ddireat B e Y g

c . ) o ,
G "_ . . .
b N e

\
qufc

- 101 - ,

Figure S{fl Pica in Type Style 1.
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f \"\\ . ~ 6.1 Conclusions
i ,
)

5 L) ) ) ] . . - s
§ | ) ’ /\ y | | v |
v . In this thesis a system for digital type design has
; - ) been"proposea. The sjstemlconsists of two main processes.

»
b

A r -

N

[N . R “

il B

-

. fTh?ﬂfirst process, the encoding or description procéss,
was, descriﬁed in chapter 3 and performed by éhe Picture
& - Descriptor (P.D.). This process represents the learning
phase of the system, and its purﬁose was, tq\chpture the
vy Spirit. or é?aracéeristics of a character font. Input
; ‘ digitized ‘character reprgsentatibns in the'form of binary

.y
(black and white) matrices were transformed ‘intoc graph

! » . representations in the form of edges and vertices. This was
. » .

~
~N.

s . manner or'.manually.

¢ d ‘ '
o

.
.
N . e o nw o s ey o
/

"l
LS

o

. ( B /

-"110 -

<

=,.
_‘nm-*‘

) - ! L]
v . achieved by dev$loping a variety of algorithms, including: .
’”“émoathing, thinning, point labelling and"reduction,'and
graph traversal. Possible code . inaccuracy adjustments or

v W ' new fongedefinitions were performed either in an interactive -

The second process, the decoding or generation process,

L SN , @&
. oL
womunfu wmrve e b
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was described in. chapter 4 and performed by the Character .

Generator (C.G.). Thislprocess represents the generatiOn,“

@

phase of the system, and its,'phrpose. waé - to generate

odifferent type styles (a total of ﬁivel from a sing;e font

definition (derived 'from the first process). - This was .

4 ¢

achieved by applying some transformational ' operations or
rules (on the code) depending on the specific tyﬁe style.
Different types of‘pens'and serifs in dfﬁferent “sizes were.

“ ‘ ‘ used, Family font .wariations in size, boldening and

orientation have been accomplished, Tests were conducted on

. standard or non-standard oharaoter fonts. Experimental

3results show the effect1veness of the proposed method.

- 6.2 Contributions and aGVantaées of the bropoaed,method'

] . B W .
.- 4 -

The work of ‘this *"thesis °encojmpasses " many

Image Processing, Computer Graphics, Type Design, etc.. The

contrlbutions of the thesrs are centered in both its breadth

.

" . and its depth; breadth, in the sense. that 7the 'overall.

. been, explored, including: - - " ST o

\

-

T T DL '
- . ¢ ' .

interdisciplinary ‘fieids, including: éattern-Reqognition,'

FoL

system is new; depth, in the sense that séme,ned ideas have

\

1) The ‘preaentation_'of some malgoriﬁhns . during = code -
'\\\*\ . o " derivation, - ‘i.e. _thet algorithms’. for .pictorial

information extraction, pbint‘labelling and ' reddction,

A}



L 2 e ot e

LR Y ST

N\

etc. P o .

)

;'ii) The ', code j:representation in‘ tuejuformﬁ'of .graphs -

*

e (represented in linked lists) is new
. serifs Wtﬁeir, derivation and placements rules), and

/ :
(;;;,,)7 - iii) Different Type Styles (their. derivation,fand rules),

‘family font variations Have been achieved. - .

-
’

.

b methods in' its emphasis on‘huqan effectivenese as the most

o important design critetion. some of the .advantages are:
] ‘ i R , / ’ H

' a) The overall structure of the system ;models,.the human

- . P

. communication ‘process. The -Picture Descriptor (encoder)

-

and the Character Geherator (decoder) are the basic units

'

in' a communication system

- . i

.5)_The‘ code .derivation procees was automated. : In most (if

noE all) of the past bppfoaches, manual operations ' were

performed : to derive the code, thus considerable time and

effort was required

4
)

c) Contrary to the other approaches, the code ‘inherite " the

* —

,basic structure of a pattern), and as.a result it can be

.easily understood by the ugtr. This has the following'"

- positive. consequences? o o e
N : ) ) .
'i) The user’ is no longer required to be familiar with

L

. : curve-fitt{ng methods or. anf .other advanced
e o mathematical code representation . ‘

ii) possible code’ ipaccuracy adjustments 1or new

- 112 -
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The proposed method differs sharply from  other ‘baétl
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‘definitions (of any pattern) can be performed even

manually withoutc‘requiring considerable time :and
effort

d) Thef generétion ‘process imitates the human hand.

‘e

Characters were. generated by pens whose centers passed

though thejr‘skeletons."Pens (or erasers) were also used
in (Kny79] . N . ~

. \
v

&) The method " promldes great'flexibility.' Given a single

character definiton (i e, 1its code),'“different styles .

(of that chanacter) 1n‘different sizes, boidenings and

5 ¥

orientations can be obtained.
. N . 7 " .t

* J

5

- during the generation process, the derivatlon apd generatxon

- - .

time, and the coding size are compatlble with the other

approaches. However, in most cases, this information was

[
[y

not given. When given, in some cases, the. comparison is

difficult, because, for éthple, the time depends on 'the

computer under consideration, or the design criteria and.

achlevements of the varioua approaches were drfferent.

.
D - ’
Vs . ’ . hd 5,.{

»
4 . . . .
- . 1
' - ’ .
. . ' ‘ - . I
- " a
¢ .

6.3 Applications.

. .
N
X » . r .
\
- N e 3 .
‘.
v

o . he wide applicability of'the propoeed'éjstem includes

R S S  « NN A

o rl

. Furthermore, we strongly believe that 'because of the.

, code fepresentation .and the simple operations performed:-

[P

.
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i
3
H
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" the following fields:.

3 a

. - . .‘ - ‘ ‘o s
;a) Printing industry and Text Processing applications. The

b)

d)

‘system- (i.e. ’ TEX%, see TKnu]S], see also [Ker74]) for

»

system can be used .in coﬁjpnction' yith ‘a typesetting
book ' production, - newspaper ' editorial material,
advertisements, etc. ' In such épplications the
multiplicity of different charactér  fonts in different
variations is réquired . ' ,

Type Design. ‘The system c¢an be uéed as a tool to assist

_type designers. He/she can quickly and easily define and '

manipulate the typefaces based on his/her concepts. At

the same time, it saves time-consuming. manual drawing-
work - L T X o

- .

_Teaching. The system can also.be used as an aid to teach

graphical pattern

‘in . the interactive use

type design. This will allow us to get deepér~'knowlgdgé

" about letterforms, and subsequently the artistic level g

will be raised even higher. Furthermore, the system can

be ﬁsed not only for’ typefaces, but for any other,

] te

Coﬁputer—aided prostheses for ' the handicapéed. The

system'provideé great assistance to the visually impaired

of’ %meputerq' [GliB4].
g

. Furthermore, - it may relieve problems {such as eye

fatigue, back 'éa@n,- étc.) commonly agsocfated Iwith'

.prolongéd " sessions at the computer terminal.” In such

&

applications, the user may selgct ,thq"’éppropziate

f ot

- 114 - L j o
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e)

g)

h)

i)

‘magnify a font within a machine, or alternatively, to

character siéé,‘boldenipg, etc. to suit his/hér nee%?

Pattern Recognition. The fepresentation'of a character

as a. graph can be -used in the context of Pattern

Recognition. For éxamplg, a élassification scheme cén be .

easily devised, based on thé graphical gtructure of the
p .

letters [Har73]

Digitization. The . system provides ‘a new way for

_dlgltlzlng typeféces (or any other pattern) or.

reproduct1on of old ones

Font *scaling. Sometimes, it 1is required to reduce. or .

i

' reprodﬁce. the same character on another printing device-

having a different resolution. The font scaling problem
¢an bf. easily solved (by default) by adjusting the

appropriate sizes of the vie%port and/or pen

"Palaeog;aphy. Alphabets have been undergoinglﬁignificant

cHanges' from their beginning. Someone, then, has to

L

detéfmine what kinds'of operatiéns ngéd to be 'performeﬂ

'to.'graphé (representing the alpﬁabets) so that the’

deveiopmeht of-élphabets could be traced through their:
variouslstagés [Bon72]. This type of analysis that could

be an extension to our system, will certainly .help' the

'palaeographer to make up his/her- theory

*Psychology. Using the system, experimental teSts could

be conducted on different character . - fonts by

psychologists to investigate their legibility, i.e. good

- reading cdndit}éns [Spe69]

- 115 -
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¢

j) The . system can be also used for >image transmission -and

b

(33

data compressﬁon

k) Some of the methods described, apply equally well to

other related fields in computer vision.

6.4 Suégestions for further research

Some suggestions are ‘listed below for both Further

development® of the system (to ensure its reliability) and

generally further research in this area:

a) The output (generated characters) could be used as input

b) -

c)

4)

to a typesettlng system for a manuscript preparaticn-
{

Tests should be extended to other type styles related to

‘a given font, other character fonts, characters belonging

‘to other languages, 3-dimensional characters or any other

\

graphical pattern ¥

Studies could be carried on by those 1interested in ‘the

IS

‘fields of Pattern Recognition, Palaeography or

Psychology. See section 6.3, applications d); g), and h)
Consistency anong characters was not taken into

consideration. . To achieve this, the Ffunction of the

: Picture Descriptor should be either extended’ or properly

modified. Then, the data structure to represent the

- characters would be hierarchical. At the lower level

-16- -7 .

5
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&
"
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R
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e)

would be the ~. items (or 'primitives) ‘shared among the

characters. At the higher level would be a list of items

(and perhaps some relevant information) that compose the

characters. ' This type of 'extention would ce;tajnly'

reduce the coding size, but the derivation and perhaps
the generation time would be. increased .
A promising effort would be the development of a special

device for graphics -arts. Perhaps, a combina;ion of

’ "

hardwafe and software units. The hardware unit could be
equipped with different device primitives to generate

auﬁomatically/ for exgmple, strokes - (straight,. . curveé),

~

. ,' r -
pens,"sefifs, etc. /| Furthermore, other types of devices

\

‘'such as stylus or liéht pen, high resolution tablet and

screen, etc. would be included. The soFtware unit would
be capable of selecting (and keeping)'differen£ types of

knowledge abou characters such as: structural (i.e.

description of characters), linguistic (i.e¢. consistency’

among \Eharpcters in a given font and/or aﬁong fonts) ,

typégraphicﬂ(i.e. aitistic‘talehﬁs)q gté.

P
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Glossary

x

Calligraphy: The art of fine handwriting.’

-

" Characters: Generally, characters are the individual letters

(both* upper and lower case), numerals, punctuation marks,

figures, etc. of the alphabet. In this thesis, characters

are only the upper and lower case letters and are'treated as

2-dimensional pictures.

t

the style or design of the type: typeface.

" PFace: The actual printing surface of a piece of type. Also,

Font: A complete assembly of all the'characégrs of one size.

. /‘/
and style.

w

X Printing: A permanent, dJraphic and visudlv medium that

encompasses all those ideas that: result ' in “methods o::

~devices to manipulate or mup;iply graph;c visual messages.

°
. )
)

A r

Sanserif: A style of type which has no serifs.

» . © s
-

Serif: The finishéd-off strokes of a letter.

AJ

a

4 g N ¢ : ' o '
Type: All the characters ‘used Bsingly or collectively

. create words; sentences, block of text, etc.

4
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Typesetting: The assembllng of typographic material suitable

for. printing or incorporating into a printing plate.

¢

Typogtdbhy: The art, or skili}of desigring communication by

i N . ’ ‘ -
means of the printed world.
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