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Abstract 

This thesis describes research on size, resolution, 
and processing speed for high quality fonts on a mini- 
computer driven raster scan display. Such a font is then 
used in a book-like display which formats text from ASCII 
files into pages of characters. Page turning animation 
is done in real time under the finger-tip control of the 
reader. The book display is a component of a Spatial 
Data Management System developed at the Architecture 
Machine Group. 
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t h e  appropriate d i r i x t i o n  en a 
touch-sensitive j o , ~ p a d .  A mpsge" 
a c t u a l l y  consists of two pages of 
characters, one occupying t h e  low 
order two bits (of t h e  8 bit p r  pixel 
display  inage)  and  t h e  ~ t h e r  
occupying t h e  next twc bits. By 
c h a n g i n g  t h e  c o l o r  matr ix,  d i s p l a y  
can be s w i t c h e d  frcrn one page t o  

The page shadows a r e  a t e m p l a t e  
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Research on size, resolution, and processing speed 

for high quality fonts on a mini-computer driven raster 

scan display is described. Such a font is then used in a 

book-like display which formats text from ASCII files into 

pages of characters. Page turning animation is done in 

real time under the finger-tip control of the reader. The 

book display is a component of a Spatial Data Management 

System developed at the Architecture Machine Group. 

THE DATA ENVIRONMENT 

The Spatial Data Management System (SDMS) is a 

multi-media interactive data management and display system 

centered around the concept of spatial orientation of data. 

In much the same way as we o f t e ~  refer to stored information 

by where it is ("on the top shelf to the right of my desk, 

near a large red book"), SDMS creates a data space, and an 

envircnment in which a user navigates within that space to 

store or retrieve information. 

SDMS runs on a growing mini-computer network, 

utilizing several display processors and video monitors, 

an eight-channel sound processor, and an MCA optical video- 

disc. The system is driven from a comfortable, in~trumer~ted 

arm chair. Control inputs are taken from two joy-sticks 

nounted in the arms of the chair, a padded Summagraphics 

tablet and stylus, and a clear touch-sensitive surface 



mounted o v e r  t h e  s c r e e n  o f  a  T e k t r o n i x  c o l o r  moni tor  

l o c a t e d  w i t h i n  e a s y  r e a c h  from t h S  c h a i r .  

The s p a t i a l  envi ronment  i s  c r e a t e d  w i t h i n  t h e  "Media 

Room", an  1 8  f e e t  wide  by 11 f e e t  h i q h  and  deep  room. I n  

t h e  c e n t e r  o f  t h e  room i s  t h e  c o n t r o l  c h a i r ,  w i t h  two s m a l l  

m o n i t o r s ,  one  a t  e a c h  s i d e .  The w a l l s  a r e  o f  v i s u a l l y  

n e u t r a l  g r e y  sound-absorben t  padd ing ,  w i t h  t h e  e i g h t  s p e a k e r s  

o f  t h e  o c t o p h o n i c  sound sys tem i n  t h e  c o r n e r s .  Immedia te ly  

i n  f r o n t  o f  t h e  c o n t r o l  c h a i r  i s  a  6 by 8  f e e t  s c r e e n ,  r e a r  

p r o j e c t e d  by a  G e n e r a l  E l e c t r i c  L i g h t  Valve.  The L i g h t  

Valve ,  on which v i d e o  images a s  w e l l  a s  t e x t  a r e  d isy : layed,  

i s  d r i v e n  from a  frame b u f f e r  a s s o c i a t e d  w i t h  an  I n t e r d a t a  

Model 85  mini-computer  (see b e l o w ) .  The two 1 2  i n c h  

d i a g o n a l  a n c i l l a r y  d i s p l a y s  a r e  d r i v e n  by a Ramtek frzme 

b u f f e r  under  c o n t r o l  o f  an  I n t e r d a t a  Model 7/32. 

The u s e r  o f  t h e  sys tem n a v i g a t e s  s p a t i a l l y  th rough  t h e  

d a t a  s p a c e  much l i k e  f l y i n g  an  a i r p l a n e .  By pushing on t h e  

j o y - s t i c k s  mounted i n  t h e  c h a i r ,  t h e  image on t h e  l a r g e  

screen translates in two dimensions, as well as zooming. 

A s  images on t h e  i n i t i a l l y  viewed t o p  l e v e l  a r e  zoomed i n t o ,  

t h e y  l e a d  t o  o r  a r e  r e p l a c e d  by lower  l e v e l s  of  d a t a ,  w i t h  

a  number o f  t y p e s  and modes o f  i n t e r a c t i o n .  

Data t y ? e s  come i n  many, and an e x p n d i n g  v a r i e t y ,  o f  

s t y l e s  i n  SDMS. Many a r e  c o l o r  o r  b l a c k  and w h i t e  photo-  

c r a p h s ,  d i g i t i z e d  and s t o r e d  on magne t i c  d i s c .  O t h e r s  a r e  



c o l o r  s l i d e s  o r  v i d e o  r e c o r d e d  f rame by frame on t h e  

v i d e o - d i s c .  Sound i s  a n o t h e r  d a t a  t y p e ,  b o t h  a s  sound- 

sync  w i t h  r e s p e c t  t o  a  p r e - r e c o r d e d  f i l m  o r  v i d e o - t a p e ,  

o r  a s  r e c o r d e d  l e c t u r e s ,  v e r b a l  a n n o t a t i o n s ,  e t c .  A 

p r o c e s s  may i t s e l f  be  a  d a t a  t y p e ,  e . g .  a  d i s p l a y  o f  a  

pocke t  c a l c u l a t o r  on t h e  t o u c h - s e n s i t i v e  d i s p l a y ,  which 

pe r fo rms  a r i t h m e t i  c  o p e r a t i o n s  when t h e  " b u t t o n s "  a r e  

touched.  T e x t  i n  v a r i o u s  forms i s  a n o t h e r  d a t a  t y p e ,  

e i t h e r  p r e - r e c o r d e d  i n  A S C I I  on d i s c ,  o r ,  p o t e n t i a l l y ,  

d y n a m i c a l l y ,  a s  from a  w i r e  s e r v i c e .  

The p r imary  h i n d e r a n c e  t o  f u l l  u s e  o f  t e x t  a s  a 

d a t a  t y p e  h a s  been t h e  l a c k  of  a  h i g h  q u a l i t y  ( i . e .  

e m i n e n t l y  r e a d a b l e  and " v i s u a l l y  p l e a s i n g " )  f o n t  d i s p l a y  

sys tem.  What f o l l o w s  i s  d e s c r i p t i o n  o f  t h e  development  

and o p e r a t i o n  of  such  a  s y s t e m ,  s u i t e d  f o r  d i s p l a y  o f  

t e x t  ( e . g .  a  book,  p r e v i o u s l y  e n t e r e d  by k e y b o a r d ) ,  page by 

page ,  on t h e  L i g h t  Valve ,  under  g e s t u r e  c o n t r o l  from t h e  

c h a i r .  The t e x t  d i s p l a y  p r o c e s s  -is i n i t i a t e d  by zooming 

i n t o  a  pho tograph  o f  t h e  book on t h e  t o p  l e v e l ,  under  c o n t r o l  

of t h e  j o y - s t i c k s .  On e n t r y  i n t o  t h e  d a t a  " p c r t " ,  an  

a u x i l l i a r y  key map, on t h e  t o u c h - s e n s i t i v e  d i s p l a y ,  shows a  

p i c t u r e  o f  a  book, w i t h  c h a p t e r  h e a d i n g s  a t  t h e  s i d e .  The 

x~iewer  e n t e r s  a c h a p t e r  by t o u c h i n g  i t s  name, and a  pzge of  

t h e  a p p r o p r i a t e  t e x t  i s  shown on t h e  L i g h t  Valve .  The 

r e a d e r  t h e n  t u r n s  t 3 e  pages  by f i n g e r  mot ions  on s m a l l  touch-  



s e n s i t i v e  pads  i n  t h e  arms o f  t h e  c h a i r .  The p r o c e s s  i s  

t e r m i n a t e d  by p u l l i n g  back on t h e  j o y - s t i c k s ,  r e t u r n i n g  t o  

f l i g h t  mode, and popping back up t h e  t h e  h i g h e r  l e v e l  o f  

d a t a  s p a c e  from which t h e  book was e n t e r e d .  

THE DISPLAY PROCESSOR 

The d i s p l a y  p r o c e s s o r  of i n t e r e s t  i n  t h i s  a s p e c t  o f  

SDMS i s  an I n t e r d a t a  Model 85,  r e f e r r e d  t o  a s  " t h e  85". 

I t  i s  a  micro-codeable  machine,  w i t h  a  programmable 

c o n t r o l  s t o r e  of 1 K  32-k i t  i n s t r u c t i o n s .  T h e  218K-byte 

frame b u f f e r  i s  m a n i ~ u l a t e d  by a micro-code program known 

a s  t h e  P i x e l  Window. An i m p o r t a n t  a s s e t  of  t h e  P i x e l  

Window i s  t h a t  it a l l o w s  t h e  frame b u f f e r  t o  b e  i n t e r p r e t e d  

a t  v a r y i n g  nu-nbers o f  b i t s  p e r  p i x e l  e l e m e n t .  A s u b s e t ,  

under  s o f t w a r e  c o n t r o l ,  o f  t h e  p i c t u r e  memory i s  s e l e c t e d  

f o r  i n p u t  t o  t h e  s p e c i a l  v i d e o  d i s p l a y  ha rdware ,  which 

i n t e r p r e t s  it i n  e i t h e r  RGB o r  Y I Q  c o l o r  s p a c e .  A l l  a c c e s s e s  

t o  t h e  p i c t u r e  memory a r e  done by mapping 4 K  s e c t i o n s  o f  t h e  

6 4 K  of  a d d r e s s a b l e  memory i n t o  t h e  e x t e n d e d  p i c t u r e  memory, 

keep ing  a c c e s s  t i m e s  s m a l l .  

The c o l o r  v i d e o  o u t p u t  i s  u s u a l l y  g e n e r a t e d  by i n -  

d i r e c t i o n  t h r o u g h  a  t a b l e ,  t h e  c o l o r  m a t r i x .  The c o l o r  

macrix a l l o w s  2 5 6  c o l o r s ,  each  o f  16  b i t s  (YIQ) o r  15  b i t s  

( R G B ) .  Thus a  p i x e l  e l ement  of  v a l u e  " 4 "  i n  t h e  p i c t u r e  

memory w i l l  p roeuce  a  Z i s p l a y e d  p i x e l  of t h e  c o l o r  which 



i s  d e f i n e d  by e n t r y  4 o f  t h e  c o l o r  m a t r i x .  For  conven ience ,  

t h e  c o l o r  m a t r i x  i s  o f t e n  d i s p l a y e d  a s  a  " p a l e t t e " ,  i n  

which c o l o r s  a r e  d i s p l a y e d  a s  a  16 by 16 g r i d  o f  r e c t a n g l e s .  

Then, t h e  c o l o r  o f  v a l u e  4 c o u l d  b e  s e e n  a s  t h e  c o l o r  o f  

r e c t a n g l e  4 (row m a j o r )  o f  t h e  p a l e t t e  f o r  i n s p e c t i o n  

(see f i g u r e  1) . 
The v i d e o  o u t p u t  may b e  viewed d i r e c t l y  a s  a n  RGB 

s i g n a l ,  o r  s e n t  o n t o  a  " v i d e o  b u s "  v i a  an  N T S C  e n c o d e r ,  

and s e n t  t o  any o f  a number o f  c o l o r  m o n i t o r s .  

A f u r t h e r  r e l e v a n t  f e a t u r e  f o r  p o s s i b l e  u s e  i n  t h i s  

p r o j e c t  i s  t h e  h a r d w a r e ' s  a b i l i t y  t o  do s c a l i n g  o f  a n  

i n a g e .  S c a l i n g  i s  accompl ished by r e p e a t  c o u n t s  a s s o c i a t e d  

w i t h  b o t h  t h e  X and Y s c r e e n  d i r e c t i o n s .  A s c a l e  o f  ( 2 ,  3)  

f o r  example would r e p e a t  e a c h  p i x e l  t w i c e  d u r i n g  a  h o r i z o n t a l  

s c a n  ( d o u b l i n g  t h e  a p p a r e n t  s i z e ) ,  and r e p e a t  each  r a s t e r  

t h r e e  t i m e s  s u c c e s s i v e l y  d u r i n g  a  v e r t i c a l  sweep. 

I n  a d d i t i o n  t o  e n a b l i n g  f a s t  hardware  zoom, t h i s  

f e a t u r e  a l l o w s  a  s m a l l e r  p a r t  of  t h e  f rame b u f f e r  t o  b e  

mapped o n t o  a  l a r g e r  d i s p l a y  a r e a .  I f  s u c h  a  f e a t u r e  can  

be  e x p l o i t e d ,  it f r e e s  p i c t u r e  memory ( e . g .  f o r  m u l t i p l e  

S u f f e r i n g ) ,  and s i m u l t a n e o u s l y  s p e e d s  up ( r e l a t i v e  t o  t h e  

v iewer )  t h e  t i m e  t o  change o r  r e l o a d  a  d i s p l a y  image, a s  

fe-er m e m o r y  a c c e s s e s  zre needed t o  t h e  p i c t u r e  memory by 

t h e  rL ic ro -code .  

The image i s  d e f i n e d  under  program c o n t r o l  by a  



F i g u r e  1. The p a l e t t e ,  a  c o n v e n i e n t  v i s u a l  d i s p l a y  

of  t h e  c o l o r  m a t r i x .  The 2 5 6  s q u a r e s  show t h e  c o l o r s  of  

each  of  t h e  2 5 6  c o l o r  m a t r i x  v a l u e s .  The lower  l e f t  

s q u a r e  maps t o  c o l o r  0 ( i . e . ,  i t ' a p p e a r s  w i t h  t h e  c o l o r  

i n  e n t r y  0 t o  t h e  c o l o r  m a t r i x ) .  The e n t r i e s  i n c r e a s e  

a c r o s s  t h e  row t o  1 5 ,  t h e n  up t o  t h e  b e g i n n i n g  o f  t h e  

n e x t  row a t  16 .  E n t r y  255  i s  i n  t h e  upper  r i g h t .  



Picture Control Block (PCB), a structure which contains 

width, height, scale, bits per pixel, etc. In addition 

to the display PCB, there are two other PCB's defined 

in the micro-code, one for writes to the picture memory, 

and one for reads. These smaller PCB's also allow the 

width, height, bits per pixel, masks (for read and write), 

and starting page of extended memory to be manipulated 

under program control. The three PCB's allow great 

flexibility, namely independent interpretation of the 

picture memory for each of read, write, and display 

functions. 

The heart of software control over the contents of 

the frame buffer is the Pixel Window. Besides setting 

and reading the PCB's, the micro-code supports routines 

to read or write between the picture memory and a user 

defined array, draw a rectangle of variable parameters, 

or move one pert of the picture (by copy) to another. 

These operations are perfomred under functions, specified 

as a parameter on the calls; the functions take the old 

and new pixel values as operands. The operations range 

from simple replacement to arithmetic or logical functions 

such as add, min, and OR, performed under the appropriate 

T-.zsks. It is worth noting for ciarity that the read and 

write operations use their respective PCB's, which may 

zap different memory pages, have different masks, and 



operate on different numbers of bits per pixel. In 

particular, the move function reads via the read PCB, and 

writes back out using the write PCB. 

FONT DEVELOPMENT 

Initial research efforts were a i ~ e d  at determining 

several param~ters for the font display system, particular- 

ly character size, scale, and number of grey-levels. Two 

scmewhat mutually exclusive goals were specified. First, 

the font had to lead to high quality, easy to read text, 

especially for display on the Light Valve under SDMS. 

Second, it was desired to fit as much text as possible on 

the screen at one time, with speed of update being of 

concern as the text composition from ASCII files must take 

place in real time. This leads to a trade-off, for as the 

information content per character (number of pixels times 

bits per pixel) increases, so does readability, but also 

memory space requirements and time necessary for update. 

The initial font models were obtained by magnetic 

tape from the Artificial Intelligence Laboratory's 

Xerographic printer font set. These fonts came at one 

Sit per pixel, and the one slected had a 16 by 20 pixel 

field. Early efforts involved displaying a subset of 

these characters under varying conditions, and judging 

the results as they appeared under several display 

systems: the 85's own video output, an NTSC encoded 



signal, and projected on the large screen by the Light 

Valve. 

First attempts involved displaying characters at 

one bit per pixel, i.e. black on white, at origin~~l 

scale. Although they are quite readable at that scale, 

scintilliation detracts severely from image quality. 

I 
This i5due largely to one pixel wide horizontal character 

elements flashing under interlace, but even wider (up to 

about ten pixels) high contrast bcundaries show this effect. 

In addition, the NTSC encoded signal tends to produce 

annoying chroma blurs along any such high-frequency 

areas. The problem is accentuated by the Light Valve, 

which, probably due to ringing in the green video amplifier, 

generates green and red boundary lines at the top and 

bottom of horizontal lines. 

The next attempts involved low-pass filtering, or 

de-jagging in graphics terminology, and at the same time 

size reduction. The characters were reduced by a factor 

or two in both dimensions, and two grey levels introduced 

by defining the new pixel value of a reduced two by two 

pixel area to be the sum of the four values (with a ceiling 

at three) . 
This character could then be displayed at scale two 

to restore the original size. If text could be displayed 

at scale two, it could be moved around the memory at four 



times the previous rate; the change from one to two 

bits per pixel decreases space requirements, but only 

marginally (100 ns. per pixel) affects access time. 

The resulting characters are readable, reduce 

scintillation considerably, but are unfortunately 

ugly, reminiscent of fonts used in early efforts at 

machine recognition of characters. This made them 

unsuitable for use. 

Returning to the original 16 by 20 one bit font, 

blurring was introduced by a low-pass filter of the 

form: 

By then manipulating the color matrix to adjust the 

intermediate levels of grey, excellent results can be 
I 

achieved on any of the display systems. Contrast can 

be set to virtually reduce scintillation, the characters 

are clean, and are quite readable at scale one. In 

fact, the 16 by 20 font appears out of proportion, so 

it was squeezed horizontally to twelve pixels by an 

algorithm that reduces three contiguous vertical pixel 

bands to two. As the result is well balanced, it is 

spec~lated that the Xerographic pixels are rectangular 

instead of square as on the 85. 



The use of the Light Valve as the primary display 

for text on SDMS poses some further limitations. The 

image degrades rapidly with distance from the center of 

the screen past a certain radius, mostly in luminence. 

As a result, the "page" for text display is limited to 

a 400 by 400 pixel region at the center (out of a 

possible 512 by 400 display image). Thus a page of 

text allows a maximum of 700 characters, more than double 

that of prior attempts (see figure 2). In practice, 

white space reduces this number to 400 to 500 typically. 

In fact, this font has been displayed via NTSC at up to 

40 characters per line, retaining a high image quality. 

Experimentation with inter-character and inter- 

line spacing led to a one-dimensional kerning table. 

Although a two-dimensional table is desireable, to 

allow spacing to be a function of the preceeding and 

following characters, memory space contraints ruled it 

out. However, the quality of a composed line of text 

remains acceptable. 

The actual character set, font master, and kerning 

table were produced on a font editor written for the 

purpose. The font is made, a character at a time, with 

i n ~ u t  t&en from a keyboard and Surnmagraphics table 

The character may be drawn one pixel at a time on a large 

scale grid; simultaneocsly the actual size character 



ASCII TEXT DISPLAY 
This is a page of A S C I I  text 

displayed by t h e  nex  85 f o n t  system. 
The f o n t  m a s t e r  is s t o r e d  "off sc reen"  
s t a r t i n g  a t  page G of t h e  ex tended  
memory. As t h e  A S C I I  t e x t  is parsed ,  
each c h a r a c t e r  is "moved", v i a  t h e  
microcode, t o  t h s  a p p r o p r i a t e  spot i n  
the c u r r e n t l y  v i s i b l e  space .  

T h e  f o n t s  a r e  two b i t s  per  p ixe l .  
A s s o c i a t e d  w i t h  each  font  is  a  
l ~ a t i o n  t a b l e  g iv ing  i t s  
c m r d i n a t e s  on t h e  i n v i s i b l e  
read-image. Also w i t h  t h e  f o n t  is a 
c?:e d i m e n s i o n a l  kern ing  t a b l e .  The 
k s r n i n g  t a b l e  is s t o r e d  i n  p r w r a m  
=?cry during t h e  f o r m a t t i n g  phase  

The page is f l i p p e d  by s c r a t c h i n g  

F igu re  2 .  A page of t e x t .  T h i s  and t h e  nex t  

f i v e  photographs show t h e  page t u r n i n g  animat ion.  A 

second,  pre-composed, page appea r s  underneath.  



a p p e a r s  on t h e  s c r e e h  a s  w e l l  a s  a  box showing t h e  c u r r e n t  

c o l o r  b e i n g  c a r r i e d  by t h e  pen.  The c h a r a c t e r  can a l s o  be  

hand drawn i n  c o n t i n u o u s  c u r v e s ,  a  mode i n  which t h e  pen i s  

used a s  a  b r u s h .  I n  t h i s  mode, a  v a r i a b l e  w i d t h  b r u s h  

becomes a t t a c h e d  t o  t h e  pen ,  and t h e  c h a r a c t e r  i s  drawn 

smoothly o v e r  t h e  g r i d .  On command, t h i s  smooth image i s  

reduced  t o  d i s c r e t e  p i x e l s ,  whose g r e y  v a l u e s  a r e  de te rmined  

by t h a t  p e r c e n t a g e  of t h e  a r e a  o f  t h e  c o r r e s p o n d i n g  g r i d  

b l o c k  which h s s  been drawn i n .  T h i s  l a t t e r  mode h a s  

proven v e r y  u s e f u l  f o r  d e s i g n i n g  new f o n t s ,  w i t h  t h e  

p o i n t  by p o i n t  mode an a c c e s s o r y  used  t o  t o u c h  up. 

For  conven ience ,  t h e  b l u r  and squeeze  f u n c t i o n s  

a r e  i n c l u d e d  a s  commands w i t h i n  t h e  e d i t i n g  envi ronment .  

The c h a r a c t e r s  a r e  w r i t t e n ,  a s  p roduced ,  t o  t h e  f o n t  

" m a s t e r " ,  a  4 4 8  by 6 0  p i x e l  r e g i o n  i n  low p i c t u r e  memory. 

A t  t h i s  t i m e ,  a  two d i m e n s i o n a l  l o c a t i o n  t a b l e  i s  

g e n e r a t e d ,  w i t h  an  e n t r y  f o r  e a c h  c h a r a c t e r  g i v i n g  i t s  

x  and y c o o r d i n a t e s  i n  t h e  m a s t e r  image. A t  t h e  end of  

an  e d i t i n g  s e s s i o n ,  t h e  f o n t  m a s t e r ,  a l o n g  w i t h  t h e  

k e r n i n g  and l o c a t i o n  t a b l e s ,  a r e  w r i t t e n  t o  d i s c  i n  

s e v e r a l  f o r m a t s .  

TEXT AND THE PAGE FLIPPER* 

The t e x t u a l  d a t a  t o  b e  d i s p l a y e d  i s  i n  ASCII 

f o r m a t ,  e . g .  an  ASCII f i l e  on d i s c  c r e a t e d  by any o f  



several mundane text editors. The file is displayed 

in a book format, with twenty lines on a square or 

rectangular "page". Text is usually black on white, but 

may be initialized to give arbitrary ink and paper color 

combinations. The background color on the display which 

surrounds the page may be used as a color code 

associated with the content. 

This image is displayed on the Light Valve in 

front of the instrumented chair. Adjacent to the chair, 

on the touch-sensitive ancillary monitor, appears a 

book figure, with the appropriate title and chapter 

headings. Touching a chapter heading on the display 

opens the page on the large screen to the first page of 

text of the chapter indicated. Several levels of touch 

indexing may be substituted for simple chapter headings. 

From this point, the 1 1/2 inch square touch 

sensitive pads in the arms of the chair become active 

as control devices. By making a flipping motion on the 

pad with his finger, the viewer causes the pages of 

text to turn; a right-to-left motion across the pad 

flips forward, and left-to-right flips backwards. 

The flipping itself is an animation designed to 

somewhat resemble pages turning in a book; as the top 

page is turned aside, the following page is revealed, 

in shadow, underneath. The shadow boundary moves across 

the page, until it reveals the page underneath in 



entirety. The effect is the "top" page being peeled 

away from the upper right hand corner (see figures 2 

through 7). A reverse flip runs the same animation 

backwards. 

AS soon as the page flips, the next successive 

page is invisibly formatted in the same image, 

replacing the page just read. Although a backwards 

turn at this point now involves some delay due to 

formating time, the flipper is ready for an immediate 

turn to the expected forward page. Several variations 

to this algorithm will be discussed later. 

The "font master" is loaded from disc at the 

beginning of a session into an unused segment of low 

picture memory, at two bits per pixel resolution. The 

actual color in which the characters will appear is 

set independently in the color matrix. 

A page is composed by parsing the ASCII input 

(hyphenation is not used), looking up th~. (x, y) 

coordinates of the needed letters in the location table, 

and moving, via the micro-code, a copy of the letter to 

the appropriate (x, y) position on the display page. 

The x position is then incremented by the value in the 

kerning table for that character, to give the starting 

position for the following character. 

The display image, which coincides with the write 

-21-  



Figure 3. The page begins to turn in response to 

a finger gesture. The second page appears in shadow. 



t e  direction on a 

l o c a t  i o n  t a b l e  g i  
c m r d i n a t e s  on t 

one dimensional  ker 
k e r n i n g  t a b l e  is s 

Figure  4 .  The shadow moves a c r o s s  t h e  page,  a s  t h e  

t o p  page i s  peeled o f f .  
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F i g u r e  5. The shadow c o n t i n u e s  t o  move a c r o s s ,  

r e v e a l i n g  more of t h e  lower page.  



the  appropriate direction on a 
t ouch-sensit i ve  joy- pad. A "page" 
actually consists of two pages of 

t h e  shadows back and 
s t h e  page. A s  t h e  page 

being exposed is 
t h e  shadows. 

Figure 6. The page turn nearly completed. This 

whole process has taken one to two seconds, set to be 

slower on the larger displays to keep constant linear 

motion across the screen. 



the  appropriate direction on a 
t ouch-sensit ive joy- pad. F. "pip" 

actually consists of two pages of 
characters, one occupying t h e  low 
crder two bits (of the 8 bit psr p ixe l  
display image) and t h e  o t h e r  
occupying t h e  next two b i t s .  By 
changing t h e  color  matrix, d i s p l a y  
can  be swi tched  from one page t o  
a n o t h e r .  

T h e  page  shadows a r e  a t empla te  
s t o r e d  i n  t h e  high-order four b i t s  of 
t h e  d i s p l a y  image. By modifying t h e  
c o l o r  mat r ix  changes mentioned above, 
v a r i o u s  segments of t h e  t empla te  a r e  
mad2 t o  c a r r y  t h e  shadows back and 
f a r t h  a c r o s s  t h e  paTe. As t h e  page 
f l i p s ,  t h e  page being exposed is 
; l s i b l e  t h r o u g h  t h e  shadows. 

Fs s o o n  as t h e  cu r ren t  page is 

Figure 7 .  The new page,  comple te ly  r evea l ed .  



i r , a g e  i n  t h e  above ment ioned move, i s  e i g h t  b i t s  per 

p i x e l .  The independence  o f  t h e  r e a d  and w r i t e  PCB's 

a l l o w s  e a s y ,  dynamic c o n v e r s i o n  from t h e  two b i t  f o n t  

m a s t e r  image t o  t h e  e i g h t  b i t  d i s p l a y  and w r i t e  image. 

Of t h e s e  e i g h t  b i t s ,  t h e  ].ow o r d e r  two b i t s  

c o r r e s p o n d  t o  one page o f  t e x t ,  and t h e  n e x t  two t o  

a second page.  The h i g h - o r d e r  f o u r  b i t s  a r e  r e s e r v e d  

f o r  t h e  shadow c o n t o u r s  (see b e l o w ) .  Which o f  t h e s e  

two pages  i s  d i s p l a y e d  c a n  b e  se t  by chang ing  t h e  

p a t t e r n  of  r e p i t i t i o n  o f  g r e y  v a l u e s  i n  t h e  c o l o r  m a t r i x .  

I f  t h e  c o l o r  m a t r i x  i s  w r i t t e n  w i t h  r e p e t i t i o n s  o f  a 

p a t t e r n  ( w h i t e ,  l i g h t  g r e y ,  d a r k  g r e y ,  b l a c k )  t h a t  

r e p e a t s  e v e r y  f o u r  e n t r i e s ,  s t a r t i n g  from z e r o ,  t h e  

l e a s t  s i g n i f i c a n t  two b i t s  o f  t h e  image d e t e r m i n t h e  

c o l o r  o f  t h a t  p o i n t  (see f i g u r e  8 ) .  S e t t i n g  t h e  c o l o r  

m a t r i x  t h i s  way i s  c o n c e p t u a l l y  t h e  same a s  d i s p l a y i n g  

t h e  c o n t e n t s  o f  t h e  d i s p l a y  image modulo f o u r .  

Note t h a t  a t  t h i s  p o i n t ,  s ince d i s p l a y  i s  modu?~ 

f o u r ,  changes  i n  t h e  h i g h  o r d e r  s i x  b i t s  o f  a  p i x e l  w i l l  

n o t  a f f e c t  i t s  c o l o r .  This way, while showing h low o l d e r  

page ,  t h e  h i g h  page can  b e  w r i t t e n  i n t o  t h e  same memory 

i n v i s i b l y .  

T o  s w i t c h  t o  t h e  h i g h  o r d e r  page ,  t h e  c o l o r  m a t r i x  

i s  r e - w r i t t e n  w i t h  a  p a t t e r n  r e p e a t i n g  i n  m u l t i p l e s  of 

s i x t t e n ,  i . e .  ( w h i t e  f o r  f o u r  e n t r i e s ,  l i g h t  g r e y  f o r  



Figure 8 .  The p a l e t t e  showing t h e  co lo r  matr ix  f o r  

d i sp lay  of t h e  low orde r  page. Note t h a t  t h e  darker  regions 

a c t u a l l y  c o n s i s t  of two shades of grey.  A t  t h i s  p o i n t ,  

t h e  two leas t .  s i g n i f i c a t  b i t s  of a p i x e l  determine t h e  

co lo r  it i s  displayed w i t h .  



f o u r  e n t r i e s ,  d a r k  g r e y  f o r  f o u r  e n t r i e s ,  and b l a c k  f o r  

f o u r  e n t r i e s )  (see f i g u r e  9 )  . With such  a n  a r rangement ,  

o n l y  t h e  n e x t  two b i t s  d e t e r m i n e  t h e  p i x e l  c o l o r ,  and 

changes  i n  t h e  l o w  t w o  b i t s  w o n ' t  b e  v i s i b l e .  Thts 

a l l o w s  t h e  l o w  page  t o  b e  w r i t t e n  t o  t h e  image w h i l e  

t h e  h i g h  page  i s k i n g  d i s p l a y e d .  S i n c e  c o l o r  m a t r i x  

changes  a r e  v e r y  f a s t  on t h e  85  ( t h e  e n t i r e  m a t r i x  can 

be upda ted  d u r i n g  a  s i n g l e  v e r t i c a l  r e t r a c e ) ,  t h e  ~ : ? ~ l i y i +  

can b e  accompl ished smoothly .  

A s  t h e  P C B ' s  i n  t h e  micro-code i n c l u d e  r e a d  and  

w r i t e  masks, f u n c t i o n s  a r e  a v a i l a b l e  which a l l o w  ti12 

two b i t  m a s t e r  copy o f  a  c h a r a c t e r  t o  b e  moved i n t o  

e i t h e r  page  s l o t  o f  t e x t  i n  r e a l  t i m e .  The two b i r  

c h a r a c t e r  can  b e  moved i n t o  b i t s  z e r o  and one  o r  

b i t s  two and t h r e e  w i t h o u t  a f f e c t i n g  any o t h e r  b i t s  

o f  t h e  e i g h t  b i t  p i x e l .  L i k e w i s e ,  a  h i g h  o r  low 

pzge o f  t e x t  may b e  e r a s e d  by d rawing  a  r e c t a n g l e  o v e r  

t h e  whole page ,  under  t h e  f u n c t i o n  o f  a  b i t - w i s e  AND, 

u s i n g  hexadecimal  "f3" o r  " f c "  r e s p e c t i v e l y .  

A t  t h e  b e g i n n i n c  of a  s e s s i o n ,  t h e  h i g h  f o u r  b i r s  

o f  t h e  page  image a r e  loaded  from d i s c  w i t h  t h e  t e m p l a r t  

f o r  page  shadovs .  The t e m p l a t e  c o n s i s t s  o f  r e g i o n s  

drawn w i t h  s u c c e s s i v e  m u l t i p l e s  o f  1 6 ,  which f i l l  the 

h i g h  o r d e r  f o u r  b i t s  o f  e a c h  p i x e l ,  t h u s  d i v i d i n g  the 

page i n t o  s e p e r a t e l y  c o l o r a b l e  b l o c k s  (see f i g u r e  10). 



Figure 9. The palette showing the color matrix for 

display of the high'order page. Since the pattern repeats 

such that four successive pixel values are the same colors, 

the two least significant bits no longer influence the 

color with which the pixel is displayed. 



Figure 10. A sample shadow template. The grey scale 

has been added to aid display for photography; under 

normal use the contours are visible only as a shadow 

J 

moves across the page. The templates may be varied for 

interest, from one book to another. 



The normal page display color matrices (figures 8 and 9) 

render the shadow areas invisible, as they are all the 

same color. 

The regions produced by the template are used to 

move shadows across the page. For example, to move 

forward (i.e. right to left), the procedure runs as 

follows. First, change the color matrix values from 

entries 16 to 31 only from the repeat by four pattern to 

the repeat by sixteen pattern (note that the right-most 

contour has value 16, i.e. the region from color zero to 

color 15 isn't used). Suddenly, the rightmost section 

of the page shows the high order page (note that the 

rightmost area is that with "16", i.e. "0001" in the 

high order four bits of the template, and thus the 

low order four bits of that region select colors 16 to 

31). This visible area expands as we do the same 

operation to matrix entries 32 to 47, and on to 

s~ccessive 16 entry sections. Figures 11 through 14 

illustrate this complete process. 

Shadow is added to the colorings by using a dark 

grey instead of while in the new color matrix repeat by 

16 pattern. This grey propagates across ("up" to color 

Aatrix as represented by the palette photographs). In 

the meantime, light greys are introduced from the right 

(bottom), leading eventually to white, which marks the 



F i g u r e  11. T h i s  and t h e  n e x t  t h r e e  pho tographs  

show t h e  c o l o r  changes  t h a t  t a k e  p l a c e  d u r i n g  a page f l i p .  

A t  t h e  p o i n t  i n  t i m e  shown h e r e ,  t h e  h i g h  o r d e r  page i s  

d i s p l a y e d  i n  e n t i r e t y .  



F i g u r e  12.  A t  t h i s  p o i n t ,  t h e  n e x t  page ,  which 

i s  a  Low o r d e r  page ,  i s  v i s i b l e  a t  t h e  upper  r i g h t  

s j d e  o f  t h e  page ,  i n d i c a t e d  by t h e  repea t -by- four  

p a t t e r n  a t  t h e  bo t tom o f  t h e  c o l o r  m a t r i x .  The d a r k  

band i n  t h e  lower  h a l f  of t h e :  color m a t r i x  i s  t h e  

shadow. Above ( t o  t h e  L e f t ,  i n  t h e  page d i s p l a y )  , t h e  

h i g h  o r d e r  page i s  v i s i b l e .  Below i t ,  t h e  low o r d e r  

page i s  coming i n  from t h e  r i g h t  s i d e  o f  t h e  page.  

T h i s  would c o r r e s p o n d  t o  a  page  d i s p l a y  a s  seen  by t h e  

r e a d e r  s i m i l a r  t o  t h a t  of f i g u r e  5 .  



Figure 13. Now the shadow has progressed 

much of the way across the page ("up" the color 

matrix). This corresponds to a display similar 

to a display image resembling figure 6. 



Figure  1 4 .  The shadow has  swept a c r o s s  t h e  page, 

r e v e a l i n g  t h e  page underneath  complete ly .  



end of the shadowed region. The visual effect produced 

by this shadow sweep is that of the top page being 

lifted and turned ("peeled" is descriptive"), with the 

bottom page being revealed under the moving shadow of the 

top. Reversing this process produces the effect of 

pages being turned backward in a book, covering the 

current page. 

FUTURE DIRECTIONS 

This is a rather open ended project at the moment, 

as high quality text is a new element in SDMS and 

paves the way for further research in the use of text 

as a data type. The first considerations will relate 

to integrating the text display process into SDMS as a 

system, particularly under the currently being 

completed new network of the laboratory's processors 

running in the multi-processing environment of the 

Magic Six operating system. 

The work described here has been done using the 

85 in stand-alone mode, and, in such a configuration, it 

takes 1.5 to 2 seconds between page flips to prepare the 

next page. If the reader flips the pad with his finger 

in this interval, a wait is necessary. Parallel 

processing should reduce that time significantly; the 

central machine could easily do more than just initiate 

a text perusal process on the 85, and instead do some 



concurrent processing. One obvious division of labor 

is for the central machine to watch the control chair, 

and on cue do the parsing, sending over (character, 

x position on the page, y position) triples into a 

page buffer. The 85 would be reduced to the role of 

a sophisticated display processor, with resulting 

time saving. The actual benefits to be gained from 

this configuration will depend mainly on the speed of 

inter-processor communication relative to the time 

needed to move characters around in the 85's picture 

memory. 

Other uses of parallel processing in the network 

are possible. One suggestion is to have the idle sound 

processor play the sound of paper rustling ss the page 

turns. The auxiliary Ramtek display could be used as 

a medium for annotation of the 85 driven page of text, 

which has no room left in the color matrix to support the 

extra bit needed for transparent inks. The two video 

signals could be mixed, and annotations written into the 

Ramtek, so they would appear as overlays. Video mixing 

under computer control will allow the processors to make 

the annotations disappearwhen the page turns, most. 
\ 

likely as a rapid fade out. 

As to the content of the page, the two bits used 

for a page of text could also be used for charts or 



diagrams l o a d e d  from p i c t u r e  s e c t i o n s  of  d i s c .  T h i s  

would i n v o l v e  some m o d i f i c a t i o n  o f  e x i s t i n g  d i s c - t o -  

p i c t u r e  memory r o u t i n e s .  t o  u s e  t h e  h i g h  o r d e r  page.  

Likewise ,  i n  a  somewhat s l o w e r  p r o c e s s ,  g r e y  s c a l e  

r e d u c t i o n s  o f  pho tographs  c o u l d  b e  l o a d e d .  which t h e n  

g a i n  c o l o r  r e s o l u t i o n  a f t e r  t h e  page  h a s  been t u r n e d .  

O t h e r  work w i l l  i n v o l v e  t h e  f l i p p i n g  g e s t u r e  

r e c o g n i t i o n  a l g o r i t h m s ,  p o s s i b l y  making them more 

i d i o s y n c r a t i c .  S e v e r a l  modes a r e  p o s s i b l e .  F i r s t .  

it s h o u l d  b e  n o t e d  t h a t  i n  normal r e a d i n g  one  t u r n s  

pages  o f  a book backwards r a r e l y .  and u s u a l l y  o n l y  

s h o r t l y  a f t e r  t u r n i n g  forward .  t o  p i c k  up a  l o s t  t r a i n  

o f  t h o u g h t .  T h i s  s u g g e s t s  hav ing  t h e  f l i p p e r  pause  some 

number o f  seconds  a f t e r  t u r n i n g  a  page.  wa tcn ing  f o r  

a backw~lrd  tirn, b e f o r e  c o n t i n u i n g  and r e p l a c i n g  t h e  

p r e v i o u s  page  w i t h  t h e  page n e x t  t o  a p p e a r .  

The o p p o s i t e  ext reme i s  skimming mode, i n  which 

pages a r e n ' t  b e i n g  pe rused  b u t  r a t h e r  scanned q u i c k l y .  

I n  t h i s  mode. pages  would be b u i l t  up from r i g h t  t o  

l e f t .  and t h e  p r o c e s s  would c o ~ t i n u e  watching t h e  pads 

f o r  a  second f l i p .  which cou ld  i n t e r r u p t  t h e  f i r s t  f l i p  

a l r e a d y  i n  p r o c e s s .  and s f a r t  moving y e t  a n o t h e r  Fage 

i n .  S i n c e  t h e  two modes t e n d  t o  b e  m u t u a l l y  e x c l u s i v e .  

t h e  c h a l l e z y e  i i c s  n nak ing  a r  i r ' t e l l i g e n t  p r o c e s s ,  

&le t o  d e t e r m i n e  which t y p  t h e  u s e r  i s  o r  which mode 

o  , rc-adinq ski as aoi-lg ,t The m o a e r , r r ,  and  draw on t h e  



a p p r o p r i a t e  a l c o r 2 - t h ~ .  

Even fu r t : l e r  of 2 zze :2ya8mFc ';exr d a t a  bases .  

Text cou2-d be taken from a  w l re  s ~ r v j - c e ,  f o r  i n s t a n c e ,  

and a  background system would cont inuo  t o  update  a  

"news" d a t a  base .  O n  i n i t i a t i o n  of  a  " r ead  news" 

p roces s ,  some d a t a  base  map would i n d i c a t e  a r e a s  

( e . g .  t o p i c s ,  geographic  r e g i o n s ,  names) about  which 

c u r r e n t  news i s  ready t o  be d i sp l ayed .  
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