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Improvements i n  d i g i t a l  v i d e o  typography a r e  s een  a s  a  n e c e s s a r y  component 
of  i n c r e a s e d  i n t e r a c t i v i t y  and scope  of  u se  of s o f t  copy t e x t  d i s p l a y  
sys t ems .  A g r a y s c a l i n g  scheme produces  h igh  q u a l i t y  f o n t s  f o r  d i s p l a y  w i t h  
s t a n d a r d  c o l o r  v ideo  equipment ,  r educ ing  s c i n t i l l a t i o n ,  smoothing c u r v e s ,  and 
improving e n c o d a b i l i t y .  The same concept  a l l ows  a  " v i r t u a l  r e s o l u t i o n "  f a r  
beyond t h e  s p a t i a l  r e s o l u t i o n  o f  normal p i x e l  s i z e ;  t h i s  p e r m i t s  up t o  
e i g h t y  c h a r a c t e r s  p e r  l i n e  o f  eminen t ly  r e a d a b l e  t e x t  m c o l o r  
t e l e v i s i o n s .  

1. I N T R O D U C T I O N  word-process ing  and computer  t ype -  
s e t t i n g  a p p l i c a t i o n s .  

That  computers  a r e  r a p i d l y  s p r e a d i n g  
i n t o  a l l  walks  o f  l i f e  i s  unden iab l e .  
The n a t u r e  and  q u a l i t y  o f  o u r  i n t e r -  2 .  GRAYSCALE FONTS 

a c t i o n  wi th  machines i s ,  however, s t i l l  A s o l u t i o n  a d d r e s s i n g  b o t h  f o n t  q u a l i t y  
open t o  q u e s t i o n  and improvement. I n  and c h a r a c t e r  d e n s i t y  developed  a t  t h e  
f a c t ,  a s  t h e  technology c o n t i n u e s  t o  A r c h i t e c t u r e  Machine Group o f  MIT makes 
p r o g r e s s ,  l i m i t a t i o n s  o f  t h e  q u a l i t y  o f  u se  o f  g r a y s c a l e  p r i n c i p l e s  t o  produce  
i n t e r a c t i o n  w i t h  it may w e l l  d e f i n e  t h e  t y p o g r a p h i c a l l y  h igh  q u a l i t y  v i d e o  
l i m i t a t i o n  on how f a r  computers  w i l l  be f o n t s  ( s e e  f i g .  1 ) .  
a c c e p t e d  i n t o  everyday l i f e .  

A s  computer  i n t e r a c t i o n  becomes cheape r  
and more s o p h i s t i c a t e d ,  an e v e r  growinq 
amount of  t e x t u a l  d a t a  i s  b e i n g  a c c e s s -  7 9 

ed  a s  s o f t  copy on v i d e o  s c r e e n s .  But 4.3.1 3 -D I n p u t  

d e s p i t e  major  improvements i n  h a r d  copy 
Advanced  e l e c t r o m a g n e t ~ c  r a n g l n g  

t echnology o v e r  t h e  l a s t  t e n  y e a r s ,  a n d  s e n s ~ n g  technology can form the 

advances  i n  s o f t  copy q u a l i t y  have been b a s ~ s  for  t h e  t w o  f o l l o w ~ n g  sorts of 

few. A s  t h e  c o s t  of memory has  d e c l i n -  ~ n s t r u m e n t a t ~ o n  1 )  A 3-D "mouse" - le t 's  

e d ,  t h e  p o t e n t i a l  and a v a i l a b i l i t y  o f  cal l  ~ t  a  "Bat , "  a n d  2 )  a  "baton."  The Bat 

r a s t e r  s c a n  computer g r a p h i c s  h a s  I S  s ~ m p l y  a  h a n d y ,  c u b e - l ~ k e  oblect ,  
comfor tab le  to t h e  touch. One  can. p ~ c k  

sky - rocke t ed ,  b u t  q u a l i t a t i v e  d e s i g n  ~t  u p ,  move ~ t  a b o u t  ( ~ t s  p o s ~ t ~ o n  
improvements i n  d i g i t a l  v ideo  typo- a ~ t o m a t ~ c a l l ~  sensed), a n d / o r  t ~ l t  ~ t  a t  

graphy have been l a c k i n g .  a n y  a t t ~ t u d e  ~n  space ( the  Bat 's  c ~ r c u ~ t r y  
a lso  d e c ~ p h e r s  ~ t s  s p a t ~ a l  a t t ~ t u d e ) .  

Improvements i n  t h e  q u a l i t y  o f  d i g i t a l  The Bat  e s s e n t ~ a l l y  f u n c t ~ o n s  as a  3-D 
v i d e o  t e x t  can have major  impact  on t h e  joyst ick,  or s p a t ~ a l  "knob."  C o n s ~ d e r  
u s e f u l n e s s  o f  t h a t  medium by e x t e n d i n g  now severa l  objects on display ~n  3-D 
t h e  s cope  o f  computer i n t e r a c t i o n .  mode.  The B a t  I S  p ~ c k e d  up ,  a c t ~ v o t ~ n g  

C u r r e n t  problems have been two-f o l d :  i t .  ( I t  m a y  h a v e  a  "but ton"  on ~ t  as 

w e l l . )  Same speclflc oblect  on display 1 s  
i n a b i l i t y  t o  f i t  a  l a r g e  amount o f  t e x t  e y e - a d d r e s s e d .  The eye-selected oblect 
on a  s i n g l e  s c r e e n ,  and t y p o g r a p h i c a l l y  is n o w  m a d e  t o  " tumble"  ~n  3-13 per 

low q u a l i t y ,  h a r d  t o  r e a d  f o n t  s e t s .  
The r e s u l t  ha s  been t h e  p o p u l a r  (and  
c o r r e c t  ! ) concep t  o f  computer g e n e r a t e d  F i g .  1. A specimen of  a  F u t u r a  f o n t .  
t e x t  a s  " u g l y " ,  a  n e c e s s a r y  b u t  f a t i g -  Photographed from a  v i d e o  s c r e e n .  
u i n g  medium o f  communication. 1 

Advances i n  " s o f t  typography" w i l l  have C u r r e n t l y ,  d i g i t a l  f o n t s  a r e  s t o r e d  i n  
t h e  g r e a t e s t  impact  on computer usage  some m a t r i x  from, whether  i n  PROM i n  a  when developed  i n  t h e  c o n t e x t  o f  c h a r a c t e r  g e n e r a t o r  o r  p i x e l  memory i n  e x i s t i n g  r e s o l u t i o n  c o l o r  v ideo  t ech -  
nology.  I n  p a r t  because  low c o s t  a  frame b u f f e r .  The c h a r a c t e r  fo rma t  

h a s  been one b i t  p e r  p o i n t  deep ,  i . e .  c o n v e n t i o n a l  v ideo  mon i to r s  a r e  r e a d l y  each  m a t r i x  p o i n t  o r  p i x e l  i s  e i t h e r  a v a i l a b l e  and i n  widespread  u s e ,  t h e  on o r  o f f ,  b l a c k  o r  w h i t e .  Graysca l e  scope  o f  h i g h  q u a l i t y  t e x t  a p p l i c a t i o n s  f o n t s  u s e  two ( o r  more) b i t s  p e r  e l e -  i s  v a s t .  We can e n v i s i o n  a  r ange  of  ment ,  i . e .  b l a c k ,  w h i t e ,  o r  one of  two a p p l i c a t i o n s ,  i n c l u d i n g  l a r g e  s c a l e  i n t e r m e d i a t e  l i g h t  and da rk  g r a y s .  So e x e c u t i v e  l e v e l  " o f f i c e  of  t h e  f u t u r e "  a  c h a r a c t e r  i s  a c t u a l l y  a  combina t ion  sys t ems ,  e l e c t r o n i c  communication n e t -  o f  an i n k  c o l o r ,  a  background c o l o r ,  works,  and l o c a l  i n t e r a c t i v e  c a b l e  and two c o l o r  l e v e l s  o f  s e l e c t e d  t e l e v i s i o n  ne tworks ,  a s  w e l l  a s  
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i n t e r m e d i a t e  v a l u e s ,  a s  shown i n  f i g u r e  
2. 

F i g u r e  2 .  A g r a y s c a l e  c h a r a c t e r ,  a t  
a c t u a l  s i z e  and two blow-up s c a l e s .  

g 
T h i s  s t o r a g e  t e c h n i q u e ,  combined w i t h  
d e s i g n  work by s k i l l e d  t y p o g r a p h e r s ,  
h a s  produced h i g h l y  r e a d a b l e ,  e s t h e t i c -  
a l l y  p l e a s i n g  v i d e o  f o n t s ,  which can 
be d i s p l a y e d  i n  c o l o r  a s  w e l l  a s  b l a c k  
and  w h i t e .  F u l l  pages  o f  t e x t ,  w i t h  
up t o  65 c h a r a c t e r s  p e r  l i n e  NTSC en- 
coded ,  o r  85 c h a r a c t e r s  unencoded, by 
25 t o  30  l i n e s  p e r  s c r e e n ,  can be r e a d  
comfor t ab ly  on 525 l i n e ,  3 0  H e r t z ,  

i n t e r l a c e d  v i d e o ,  a s  demonst ra ted  i n  
f i g u r e  3 .  

A t  t h e s e  s i z e s ,  c h a r a c t e r s  r e t a i n  typo- 
g r a p h i c  d e t a i l s :  v a r i a t i o n s  i n  l i n e  
t h i c k n e s s ,  f i n e  s e r i f s  , and p r o p e r l y  
rounded edges .  V i s i t o r s  f a m i l i a r  w i t h  
ha rd  copy typography e a s i l y  r ecogn ize  
t h e  f o n t  s t y l e s  d i s p l a y e d  on t h e  t e l e -  P 
v i s i o n  mon i to r  s c r e e n .  

3 .  OVERCOMING DIGITAL V I D E O  LIMITATIONS 

Disp lay  o f  q u a l i t y  t ype  f o n t s  a t  h i g h e r  
d e n s i t i e s  i n  a  r a s t e r  s can  d i g i t a l  v i d e o  
medium has  t r a d i t i o n a l l y  been p l agued  
by t h r e e  problems:  s c i n t i l l a t i o n  o r  
f l i c k e r ,  bandwidth l i m i t a t i o n s  i n  t h e  
h o r i z o n t a l  d i r e c t i o n ,  and o v e r a l l  jagged 
image edges .  Most of  t h e s e  can be  
t r a c e d  t o  t h e  d i g i t a l ,  d i s c r e t e  p o i n t  
n a t u r e  of  t h e  computer g e n e r a t e d  v i d e o  
s i g n a l ;  t h i s  l e a d s  t o  s h a r p ,  h igh  c o n t -  
r a s t  bounda r i e s  i n  t h e  image. 

When h igh  c o n t r a s t  edges l i e  i n  t h e  
h o r i z o n t a l  d i r e c t i o n ,  i . e .  a long  r a s t e r  
l i n e s ,  v i d e o  i n t e r l a c e  produces  
s c i n t i l l a t i o n ,  which s e v e r e l y  degrades  
t h e  image and h e i g h t e n s  eye  s t r a i n  
c o n s i d e r a b l y .  T h i s  problem i s  p a r t i c -  
u l a r l y  a c u t e  w i t h  c h a r a c t e r  d i s p l a y ,  
which r e q u i r e s  many narrow h o r i z o n t a l  
l i n e s .  Adding t r a n s i t i o n a l  g r ay  v a l u e s ,  
i . e .  low-pass f i l t e r i n g  i n  t h e  v e r t i c a l  
d i r e c t i o n ,  lowers  t h e  c o n t r a s t  o f  t h e  

This  i s  a specimen of t h e  Clarendon fon t  developed a t  the 
Architecture Machine Group fo r  ras ter  scan video display. This font  
utilizes four  color levels (background, foreground, and  two 
intermediate colors) t o  obtain  curve smoothing. This  low pass filtering 
lowers t h e  band wid th  of t h e  video signal,  allowing the display of 
characters  in a smal ler  size. 

This  particular f o n t  requires a maximum field size of 17 by 17 
picture elements. Because t h e  characters are  proportionally spaced, 
typical  let ters occupy somewhat  less space, and  we are able to display 
approximately 7 0  characters  per line of text. 

The process whereby  t h i s  f o n t  was created allows for  production of 
Clarendon in several  sizes o r  number of bits per pixel. Original hard 
copy f o n t s  were digitized by a video camera interface, and stored as 
large (258  square)  images a t  one bit per point. A n  interactive 
character  edi tor  w a s  then  used to  scale the  fon t  down to an arbitrary 
size by t h e  fol lowing algori thm.  A grid of the  dimensions of the 
desired reduction i s  overlayed on the large master character. Each grid 
element maps  in to  one pixel; the  grey value of tha t  pixel is a function 
of t he  a rea  w i th in  t he  gr id  square  filled by the master image. 

For best results ,  i t  is  necessary to  move the origin of the grid with , 
respect t o  t h e  mas te r  undernea th  it. The result ing reduction is then 

touched u p  by hand. Other  f o n t s  produced in a similar manner in the 
Laboratory include F u t u r a  a n d  Courier. 

The  f o n t  i s  s tored in  a fo rma t  which allows dynamic text  
processing f r o m  ASCII charcter  str ings.  Multiple fon ts  may be 
displayed o n  t h e  same video page. Text  and  background can be 
wr i t t en  in  a n y  colors w i t h  t h e  intermediate values being obtained by 
F i g .  3 .  A s c r e e n  o f  t e x t  i n  a  Clarendon f o n t .  Photographed from a  v ideo  mon i to r  
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h o r i z o n t a l  e d g e s ,  r educ ing  s c i n t i l l a -  
t i o n  by s p r e a d i n g  a  l i n e  o v e r  s e v e r a l  
r a s t e r s .  

S i m i l a r  problems a r i s e  w i t h  h igh  
f requency  changes i n  t h e  h o r i z o n t a l  
d i r e c t i o n ,  due t o  bandwidth l i m i t a t i o n s  
i n  many v ideo  mon i to r s  and t h e  n a t u r e  
o f  t h e  NTSC encoding  t e c h n i q u e .  Par-  
t i c u l a r l y  when d i s c u s s i n g  l a r g e - s c a l e  
a p p l i c a t i o n s  of  v i d e o  g r a p h i c s  i n  
everyday  l i f e ,  we must be reminded 
t h a t  t h e  g r a p h i c  p roduc t  w i l l  be  a s  
h igh  q u a l i t y  o n l y  a s  t h e  mon i to r  which 
d i s p l a y s  t h e  s i g n a l .  Many low c o s t  
c o l o r  mon i to r s  have d i f f i c u l t y  
d i s p l a y i n g  h i g h  f requency  s i g n a l s ,  
p roduc ing  unwanted s i d e  e f f e c t s  a long  
s h a r p  v e r t i c a l  edges ,  u s u a l l y  i n t e r p -  
r e  t i n g  t h e  h igh  f requency  luminance 
s i g n a l  a s  chroma i n f o r m a t i o n ,  i.e. 
i n s e r t i n g  s p u r i o u s  c o l o r  n o i s e .  
I n t e r m e d i a t e  g ray  v a l u e s  a long  t h e  
v e r t i c a l  edges  lower t h e  f requency  of 
t h e  luminance s i g n a l ,  c u t t i n g  down 
chrominance n o i s e  and t h e r e b y  a l l owing  
more t i g h t l y  packed t e x t  a s  w e l l  a s  
c l e a n  c o l o r e d  t e x t  d i s p l a y s .  

The o t h e r  a r e a  i n  which t h e  low p a s s  
f i l t e r i n g  imp l i ed  by t h e  a d d i t i o n  o f  
i n t e r m e d i a t e  c o l o r  v a l u e s  a i d s  image 
q u a l i t y  i s  t h a t  o f  r e s o l u t i o n  and 
d e t a i l .  The most  commonly no ted  
problem of  d i g i t a l  v i d e o  g r a p h i c s  i s  
t h a t  o f  " j a g g i e s " .  A s l o p e d  l i n e  
canno t  be r e p r e s e n t e d  smoothly by 
d i s c r e t e  p o i n t s ,  and appea r s  r a t h e r  a s  
an annoying " s t a i r  s t e p "  p a t t e r n .  The 
i n s e r t i o n  o f  i n t e r m e d i a t e  p o i n t s ,  h a l f  
way between t h e  l i n e  and background 
c o l o r s ,  a l o n g  t h e  s t a i r  s t e p s ,  smooths 
t h e  l i n e  e d g e s ;  t h e  v i s u a l  e f f e c t  i s  a  
c o n t i n u o u s ,  s o l i d  l i n e .  I n  f o n t  work, 
t h e  f l e x i b i l i t y  added by t h e  two e x t r a  
shades  of  a  two b i t  image a l l ows  
s i g n i f i c a n t  improvements i n  p roduc ing  
smooth, s t a b l e  c h a r a c t e r s .  Curved 
edges  become manageable,  c l e a r l y  a  
n e c e s s i t y  f o r  q u a l i t y  t e x t ,  and s l o p e d  

- ,  c h a r a c t e r  e l emen t s  appear  a s  con t inuous  
3 l i n e s ,  n o t  jagged s e r i e s  of  d i s c r e t e  
3 
3 p o i n t s .  
3 e 

For  d e s i g n e r s  f a m i l i a r  w i t h  p r i n c i p l e s  d 

of  h a r d  copy typography and p r i n t i n g ,  
p: w i t h  t h e i r  s t r o n g  emphasis  on c r i s p  

e d g e s ,  i t  seems c o n t r a d i c t o r y  t h a t  
" b l u r r i n g "  t e x t  by adding  g r a y s  r e s u l t s  
i n  h i g h e r  v i s u a l  q u a l i t y .  The answer 
l i n k s  g r a y s c a l e  w i t h  i n c r e a s e  i n  
e f f e c t i v e  r e s o l u t i o n  of  d i g i t a l  v i d e o  
d i s p l a y .  S p a t i a l  p o s i t i o n  o f  an edge 
on t h e  v ideo  s c r e e n  can be c o n s i d e r e d  
a s  i n t e g r a t i o n  o f  luminance o v e r  a r e a .  
T h i s  i m p l i e s  t h a t  changing  t h e  
b r i g h t n e s s  of  a  b l ack /wh i t e  boundary 
by changing  boundary p o i n t s  t o  g ray  
v a l u e s  can e f f e c t i v e l y  move t h a t  
boundary a  f r a c t i o n  of a  p i x e l .  Th i s  
r e s u l t s  i n  a  " v i r t u a l  r e s o l u t i o n "  
much h i g h e r  t h a n  t h e  p i x e l - s i z e  
r e s o l u t i o n  of  t h e  d i s p l a y  sys tem.  I n  
f a c t ,  o u r  work s u p p o r t s  t h i s  t h e o r y ;  
f i n e  d e t a i l  can  be ach i eved  by 

man ipu la t i ng  luminance,  a s  w e l l  a s  
p o s i t i o n ,  o f  c r i t i c a l l y  spaced  p i x e l s .  

4 .  THE CHARACTER EDITOR 

Small  two b i t  c h a r a c t e r  s e t s  were 
g e n e r a t e d  i n  a  hardware c o n f i g u r a t i o n  
of  an I n t e r d a t a  7/32 p r o c e s s o r ,  Ramtek 
9300 frame b u f f e r ,  and a  d i g i t i z i n g  
v i d e o  camera i n t e r f a c e .  

The f i r s t  s t a g e  c o n s i s t s  of  d i g i t i z i n g  
h a r d  copy c h a r a c t e r s  t o  c r e a t e  l a r g e  
"mas t e r "  c h a r a c t e r s  f o r  f u t u r e  
r e d u c t i o n .  Note t h a t  i n  t h i s  p r o c e s s ,  
h a r d  copy c h a r a c t e r s  a r e  scanned  i n t o  
v i d e o  memory ; t h e  c h a r a c t e r  i s  c o n s i s t -  
e n t l y  r ega rded  a s  a  shape ,  n o t  a s  a  
s e r i e s  of  l i n e s .  

C a r e f u l  a t t e n t i o n  must  be  p a i d  t o  t h e  
p lacement  of  t h e  c h a r a c t e r ,  bo th  
v e r t i c a l l y  w i t h  r e s p e c t  t o  t h e  b a s e l i n e ,  
and h o r i z o n t a l l y  by t h e  amount of  
w h i t e  space  a t  t h e  l e f t  edge of  t h e  
c h a r a c t e r ,  d u r i n g  t h e  v i d e o  d i g i t i z i n g  
p r o c e s s .  The c h a r a c t e r  i s  t h e n  scanned  
i n ,  i t s  wid th  s e t  i n t e r a c t i v e l y  *by t h e  
d e s i g n e r  ( t h e  reduced f o n t s  w i l l  be  
p r o p o r t i o n a l l y  s p a c e d ) ,  and s t o r e d  away 
on d i s k  a s  a  packed 2 5 6  s q u a r e  by one 
b i t  p e r  p o i n t  image. 

The f u l l  p r i n t i n g  ASCII c h a r a c t e r  s e t  i s  
d i g i t i z e d  i n  t h i s  manner. S p e c i a l  
symbols may be  drawn f r e e h a n d  a t  t h e  
same l a r g e  s c a l e  w i t h  a d i g i t i z i n g  
t a b l e t .  T h i s  l a r g e  s i z e  ( s e e  f i g .  4 )  
i s  t o o  l a r g e  f o r  d i s p l a y  pu rposes ,  b u t  
e n s u r e s  enough i n f o r m a t i o n  f o r  a  good 
r e d u c t i o n .  

F i g .  4 .  The l a r g e  c h a r a c t e r  m a s t e r s .  

A second s t a g e  o f  c h a r a c t e r  e d i t i n g  
produces  a  complete  two b i t  f o n t  a t  a 
p a r t i c u l a r  s m a l l e r  s i z e ,  t y p i c a l l y  12 
t o  30 p i x e l s  s q u a r e  f o r  t h e  w i d e s t  
c h a r a c t e r s .  Fo r  each  c h a r a c t e r ,  t h e  
f o l l o w i n g  p rocedure  i s  a p p l i e d .  See 
a l s o  f i g u r e  5 f o r  a  view of  t h e  work 
s t a t i o n .  

The l a r g e ,  one b i t  m a s t e r  i s  r e c a l l e d  
from d i s k ,  and d i s p l a y e d  on t h e  
d e s i g n e r ' s  v i d e o  mon i to r .  A g r i d  o f  
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F i g .  5 .  The f o n t  e d i t i n g  work s t a t i o n  i n  u s e .  

t h e  same d imens ions  a s  t h a t  of  t h e  
d e s i r e d  r e d u c t i o n  i s  drawn o v e r  t h e  
m a s t e r ;  each  s q u a r e  o f  t h e  g r i d  co r -  
responds  t o  one p i x e l  of  t h e  u l t i m a t e  
r e d u c t i o n .  Wi th in  each  g r i d  e l emen t ,  
t h e  a r e a  o f  t h e  p o r t i o n  of  t h e  m a s t e r  
c h a r a c t e r  which l i e s  w i t h i n  t h a t  
e l emen t  i s  computed, and d i v i d e d  by an 
a p p r o p r i a t e  s c a l e  f a c t o r  t o  o b t a i n  a  
v a l u e  between 0 and 3 ,  i . e .  between 
w h i t e  and b l a c k .  The more o f  a  g r i d  
s q u a r e  f i l l e d  by t h e  m a s t e r ,  t h e  
d a r k e r  t h e  r e s u l t i n g  reduced  p i x e l  w i l l  
b e .  The r e d u c t i o n  i s  shown on t h e  
mon i to r  a t  a c t u a l  s i z e  and s c a l e  f o u r  
a s  w e l l  ( s e e  f i g u r e  6 )  . I n  a d d i t i o n ,  
each  c h a r a c t e r  s o  f a r  e d i t e d  i s  shown 
i n  t h e  upper  r i g h t  p o r t i o n  of  t h e  
s c r e e n ;  t h i s  i s  h i g h l y  u s e f u l  f o r  
m a i n t a i n i n g  c o n s i s t e n t  c h a r a c t e r  
d e n s i t y  t h roughou t  t h e  f o n t .  

I t  must  be n o t e d  t h a t  t h e  a c t u a l  
r e d u c t i o n  o b t a i n e d  i s  a  f u n c t i o n  of  t h e  
p o s i t i o n  o f  t h e  g r i d  o v e r l a y  w i t h  
r e s p e c t  t o  t h e  m a s t e r  c h a r a c t e r  under-  
n e a t h .  S h i f t i n g  a  g r i d  e l emen t  a t  t h e  
edge o f  t h e  m a s t e r  may w e l l  change t h e  
a r e a  summation of  t h e  p i e c e  of  t h e  
m a s t e r  e n c l o s e d  by t h a t  e l emen t ,  w i t h  

co r r e spond ing  changes i n  t h e  reduced  
g ray  v a l u e .  One g r i d  p o s i t i o n  w i l l  
produce a  v i s i b l y  b e t t e r  r e d u c t i o n  t h a n  
a n o t h e r .  So ,  a t  t h i s  s t a g e ,  t h e  
d e s i g n e r  s h i f t s  t h e  g r i d  i n  two dimen- 
s i o n s  u n t i l  t h e  b e s t  r e s u l t s  a r e  

F i g .  6 .  C h a r a c t e r  r e d u c t i o n .  
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o b t a i n e d .  That  i s ,  c h a r a c t e r s  a r e  
f r a c t i o n a l l y  moved t o  l i n e  up w i t h  t h e  
r a s t e r  a r r a y  t o  a v o i d  undue t r u n c a t i o n  
e r r o r .  Th i s  p r o c e s s  i s  p a r t i c u l a r l y  
u s e f u l  f o r  r e f i n i n g  l a r g e  a r e a  edges ,  
t o  o b t a i n  t h e  p r o p e r  mix o f  b l a c k  
" c o r e "  t o  t h e  c h a r a c t e r  w i t h  t h e  g ray  
edg ing  which i s  d e s i r e d  i n  t h e  
r e d u c t i o n .  

When t h e  d e s i g n e r  i s  s a t i s f i e d  w i t h  
t h i s  s t a g e ,  t h e  g r i d  r e g i o n  i s  r e p l a c e d  
by a  s c a l e d  up v e r s i o n  of  t h e  l a t e s t  
r e d u c t i o n  ( s e e  f i g u r e  7 )  . Now, u s i n g  
a  t a b l e t ,  t h e  d e s i g n e r  may touch  up t h e  
co r r e spond ing  p i x e l s  o f  t h e  reduced  
c h a r a c t e r .  The c u r r e n t l y  a c t i v e  g ray  
v a l u e  appea r s  i n  a  box t o  t h e  l e f t .  
Th i s  t e c h n i q u e  i s  most  s u i t e d  t o  
d e t a i l e d  touch  up,  e . g .  r e f i n i n g  t h i c k  
and t h i n  c h a r a c t e r  v a r i a t i o n s ,  s e r i f s ,  
e t c .  

F i g u r e  7. Touch-up i n  t h e  c h a r a c t e r  
e d i t o r .  

The f i n a l  s t a g e  o f  e d i t i n g  c o n s i s t s  of  
a d j u s t i n g  c h a r a c t e r  s p a c i n g ;  s i n c e  t h e  
f o n t s  a r e  s i n g l e  d imens iona l ly  
p r o p o r t i o n a l l y  spaced ,  each  c h a r a c t e r  
has  i t s  own wid th .  A f i r s t  p a s s  w id th  
t a b l e  i s  computed by a  s c a l i n g  
a l g o r i t h m  from t h e  p r e - s e t  w i d t h s  of 
t h e  m a s t e r  c h a r a c t e r s .  Th i s  w id th  
t a b l e  may be  touched  up by hand,  adding  
o r  s u b t r a c t i n g  w h i t e  space  a t  t h e  r i g h t  
of  any c h a r a c t e r .  

The f l e x i b i l i t y  of  t h e  r e d u c t i o n  
p r o c e s s  a l l ows  many o f  t h e  f e a t u r e s  
o b t a i n e d  by modern CRT t y p e s e t t i n g  
equipment .  A form o f  i t a l i c s  may be 
produced  by s l a n t i n g  t h e  m a s t e r  
c h a r a c t e r  w h i l e  i t  i s  r e c a l l e d  from 
d i s k ,  t o  be o v e r l a i d  w i t h  t h e  same 
r e c t a n g u l a r  g r i d .  A condensed f o n t  
can b e  d e r i v e d  from t h e  same m a s t e r  by 
u s i n g  a  g r i d  w i t h  l e s s  h o r i z o n t a l  
e l emen t s  t han  v e r t i c a l  e l emen t s  ; t h e  
a r e a  summation accompl ishes  a  
h o r i z o n t a l  squeez ing .  

5. CONCLUSIONS 

The combina t ion  o f  a l g o r i t h m i c  and hand 
e d i t i n g  p r o c e s s e s  d e s c r i b e d  above has  
been used  t o  c r e a t e  s e v e r a l  f o n t s ,  b o t h  
s e r i f  and s a n s - s e r i f ,  a t  v a r i o u s  s i z e s ,  
t o  t e s t  g r a y s c a l e  p r i n c i p l e s ,  w i th  
d rama t i c  r e s u l t s .  C h a r a c t e r s  s m a l l  
enough t o  d i s p l a y  a  f u l l  page o f  t e x t  
remain eminen t ly  r e a d a b l e  and s t a b l e  on 
t h e  s c r e e n .  The same c h a r a c t e r s  can be  
e a s i l y  d i s p l a y e d  i n  c o l o r ,  on e i t h e r  a  
w h i t e  o r  c o l o r e d  background,  by mapping 
t h e  g r a y s  i n t o  an a p p r o p r i a t e  c o l o r  
wash. 

P a r t i c u l a r  a p p l i c a t i o n s  may t a k e  t h i s  
p r o c e s s  i n  one of  two d i r e c t i o n s .  The 
f i r s t  i s  t o  s t o r e  t h e  f o n t  m a s t e r ,  and 
w i t h  an a p p r o p r i a t e l y  tuned  a l g o r i t h m  
and f a s t  hardware g e n e r a t e  any d e s i r e d  
r e d u c t i o n  on t h e  f l y .  The o t h e r  i s  t o  
devo te  t ime  t o  p roduc ing  t h e  b e s t  
p o s s i b l e  r e d u c t i o n s ,  and d e d i c a t i n g  s a n e  
form of  s t o r a g e  ko t h e  f i n a l  two b i t  
m a t r i c e s  f o r  each  f o n t  s e t .  

The d e s i g n  purpose  of  t h e  f o n t  e d i t o r  ' 
c u r r e n t l y  i n  u se  i s  n o t  t o  d e n o n s t r a t e  
t h e  u l t i m a t e  i n  two b i t  r e d u c t i o n  
a l g o r i t h m s  f o r  c h a r a c t e r s .  R a t h e r ,  it 
h a s  been an e x p l o r a t i o n  i n t o  t h e  
i n t e r s e c t i o n  o f  typography,  computer 
g r a p h i c s ,  and v ideo  e n g i n e e r i n g ,  i n  an 
a t t e m p t  t o  s y n t h e s i z e  a  s e t  o f  p r i n c i -  
p l e s  o p t i m i z i n g  t h e  p r o d u c t  produced 
by t h a t  i n t e r s e c t i o n ,  d i g i t a l  v i d e o  
t e x t .  I t  i s  h ~ p e d  t h a t  a t t e n t i o n  t o  
such  p r i n c i p l e s  may s h o r t l y  e n a b l e  
v ideo  d i s p l a y  o f  i n f o r m a t i o n ,  b o t h  
t e x t u a l  and o t h e r ,  t o  l i v e  up t o  t h e  
e x p e c t a t i o n s  o f  communities o f  u s e r s  
accustomed t o  demanding ha rd  copy 
q u a l i t y .  
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