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ABSTRACT 

This paper attempts to make a comprehensive analysis of present 
and future videodisc technologies and a thorough examination of the 
impacts of this technology on different information application classes 
and on other media. First the basic principles of this new technology are 
described. This is followed by a summary of some major hardware and 
software functions of such systems. In the subsequent chapter, the 
extremely broad range of videodisc applications is dealt with. In the final 
summarizing chapter some conclusions are drawn pointing to the vast 
potential of this new technology, which according to the author, could 
lead to  a new revolution in the information and entertainment industry. 
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THE VIDEODISC FWVOLUTION 

Istvan Sebestyen 

1. INTRODUCTION 
We are a t  the beginning of a new revolution in the use of information 

technology, which was triggered off by the rapid development of new 
technologies in the field of electronics. While the performance of proces- 
sors, primary and secondary storage equipment, input-output devices, 
and telecommunication devices has improved a t  an accelerated pace in 
recent years, the unit prices of these items have dropped dramatically. 
The new technologies have found their way into many different areas of 
application. 

A major step forward was the emergence of computers in telecom- 
munications, which marked the beginning of a new era: "telematics," a 
word coined by S. Nora and A. Minc [ 7 ] .  

The convergence of information and telecommunications technolo- 
gies was only a first step and was followed by others, as new information 
technologies gradually started to influence other fields: processor- 
controlled robots perform their duties in manufacturing; industrial 
processes are increasingly belng controlled by real-time computers; and 
the microelectronics revolution has started winnmg one battle after the 
other in daily life . 

For example, today we can find cheap pocket calculators in practi- 
cally every household and low-cost digital watches controlled by internal 
microprocessors have practically overrun and replaced traditional 
watch-making methods. Furthermore, advanced microelectronic technol- 
ogy has moved into so-called "consumer electronics." In the newer types 



of TV sets ,  hi-fi equipment, videotape players, etc. ,  microelectronic dev- 
ices such as processors are  being applied e n  masse.  The "video arena" in 
particular is being invaded by these modern technologies. New applica- 
tions such as broadcast and interactive videotex services (e.g., ORACLE 
and PRESTEL in the United Kingdom) are marking the beginning of a new 
era, which might be called "videomatics," 01. a convergence of video and 
information technologies. 

With the advent of laser technology and optical fibers, revolutionary 
changes are now expected in the field of information storage and 
telecommunications. In this paper an  at tempt is made to  understand, 
analyze, and assess, especially, the impacts of laser and optical storage 
technology on the converging fields of information technology and consu- 
mer  electronics. The study focuses on a new device, w h c h  we will call 
"videodisc". 

The structure of the study is as follows. First a short overview of the  
videodisc technologies will be  provided, showing why i t  will achieve a 
major breakthrough. In Chapter 3 the "dualistic" nature of videodisc 
technology will be explained: on the one hand such devices will be por- 
trayed as "interactive TVs"as  looked a t  from the consumer electronics 
point of v iewand  on the other hand, they will be seen as cheap mass 
storage devices for random access of coded informat ionas  looked a t  
from the information technology angle. In Chapter 4, the hardware and 
system software aspects of videodisc systems will be dealt with briefly 
and major operational functions of videodisc players will be  discussed a t  
some length. In Chapter 5 an  at tempt will be made to collect all the  
major classes of videodisc application. Some of their requirements can 
be met by other technical means and media-perhaps in a less convenient 
way and a t  a higher costs. Other applications, however, are  brand new- 
and probably will have considerable impact on future life styles. Chapter 
6 briefly summarizes the study and the major conclusions to  be drawn 
from it.  It is hoped that  by that point the readers will agree with the 
author: the Videodisc revolution is coming and i t  will greatly affect our 
lives, as did the book, the  radio, the tape recorder, the telephone, and the  
W before it. 

2. A DESCFUPTION OF VIDEODISC TECHNOLOGY 
Harry Collier [22] calls the  videodisc scene a t  the beginning of the 

eighties a "jungle." Many forms of videodisc technology, designed for 
slightly varying purposes a re  now in existence or are  being developed. It 
is not the  airn of this paper to  make a full analysis of the technology 
itself; this is done a t  some length by other authors. See, for example, 
Barrett [23] and Sigel e t  a1 [29]. Nevertheless before discussing the 
application classes and possible impacts of this new medium we should 
briefly discuss the piece of hardware that will be the focal point of the 
study. 

The first videodiscs, developed in the early seventies, were intended 
for use in the entertainment industry. Since then, however, strong 
interest has arisen for their use in information and document storage, 
retrieval, computer-aided instruction, etc.  An essential feature of this 



technology is that it lends itself readily to the integration of text ,  image, 
and audio information and at the same time, i t  is programmable and can 
be randomly accessed. However, each of the above types of application 
places different requirements on the equipment's development, and thus 
after only a few years of development, a number of different forms of 
videodisc technology have come into being. These technologies can be 
classified according to the following criteria: 

- analog versus dlgital information coding 
- mechanical (contact) versus non-mechanical (non-c ontact) pick 

up of information from videodisc records 
- mechanical replication versus laser be arn recording of informa- 

tion onto records. 

Analog versus Digital Information Coding 
At present there are several systems using each of the two type of 

coding. What does analog and digital coding mean in the case of videodisc 
technology? 

As will be described a t  some length in the following chapter the infor- 
mation units on a videodisc record are  tiny pits engraved in the surface of 
the disc. In the case of analog coding the information stored is coded in 
the length of the pits; the longer or shorter the pits are ,  the hghe r  or 
lower the analog value (e.g., voltage) produced by the sensor, which reads 
the information serially. Digital coding can be regarded as a special case 
of analog coding; in the case of digital coding only two analog values exist: 
zero and some discrete value. This means that on the surface of the 
videodisc record either there is a pit under the information sensor (infor- 
mation "1") a t  reading time or there is none (information "0"). 

From the storage and reading point of view analog and digital video- 
discs are  thus very similar. This gives the hope that  one day it will be 
possible to produce videodisc devices which will be able t o  handle both 
type of codesanalog and digital. As we will show later, this would bring 
major advantages to  the system. At  present no such system on the 
market or in development is known to  the author. 

Why is it that already a t  the beginning of the videodisc era ,  two dif- 
ferent types of coding techniques are  being applied? 

The simultaneous emergence of analog and digital coding techmques 
has both hstorical and technical explanations. Analog storage for video- 
discs was linked to the effort to store analog television frames accordi.ng 
to NTSC, PAL, or SECAM standards on videodisc. It has been found that  

i the best type of storage is achieved when pits are engraved a t  the speed 
of the FM carrier frequency of about 8 MHz onto the  surface of the  video- 
disc, where the length of the individual pits are proportion.al to  the  modu- 
lation on the carrier frequency (Figure 1). With this techruques any TV 
signal can be recorded and read, including their usual properties: thus 
about 200,000 pixels per  videoframe, sound and color coding, and in the  
vertical blanking intervals even teletext type digital information could be 
stored. 



Figure 1. Micropits engraved on the disc of an analog optical recording 
system. 

Digital storage applied to videodisc emerged when Philips in the Nether- 
lands realized that through this technology much more coded alphanu- 
merical information (text, data, computer programs) can be stored 
highly economically than by any other information storage techniques. 

It was soon realized, however, that in principle other types of infor- 
mation as well should and can be stored on videodisc: first of all, on the 
analog videodisc "color W' type freeze-frame pictures, which is no more 
than repeated access to the same analog TV frame, and second, on the 
digital disc the storage of "Facsmile" type black and white static pictures 
with high resolution. 

Since then, i t  has been recognized that if the same videodisc handled 
all pf the above-mention.ed classes of information, i. e. ,  

- coded alphanumerical information, 
- "Facsimile" type static pictures, 
- "Color TV" type freeze-frame pictures, 
- "Color W' type motion pictures, and 
- audio (sound) information, 

one would get a revolutionary new piece of equipment, which would allow 
not only vast amounts of storage but also flexible mixing of coded 
alphanumerical, audio, and video information. This would lead to new, 
revolutionary fields of applications. 

Along this line we see the same trend of development for both analog 
and digital videodiscs. Analog videodiscs will be developed to be able to 
handle coded alphanumerical information in an efficient way; digital 
videodisc will be able to handle voice, "color W' type freeze-frames, and 
maybe later a t  some pointalthough this is far from the road- produce 
"color TI'" type motion pictures. 



Which coding techniques will actually "win" is almost impossible to 
predict a t  this time. Both technologies will predominate in certain infor- 
mation classes for a long time, such as for analog videodisc players, the  
"color W' type moving frames. Or it is possible that  one day a videodisc 
player will enter  the market whch  will combine both coding techniques 
and utilize their advantages when handling different information applica- 
tion classes. 

Depending on the type of information stored, analog and digital tech- 
nique s have their advantages and disadvantages in comparison with each 
other. 

a)  Coded alphanumerical information such as dig itally coded text,  
data, and computer programs can be stored ideally through 
&gital videodisc technology. Digital coding and storage allows 
the most sophisticated data compression and error recovery. In 
addition this type of data is immediately ready for further da ta  
handling and processing purposes without any special prepara- 
tion or conversion. It may sound strange, but in principle, it is 
possible (with the addition of some hardware features) to store 
digitally coded alphanumerical information through analog 
videodisc technology as well, in a "pseudo" digital form. In this 
case, obviously, the degree of data compression is less favorable 
than that  used in the  real dlgital technology. A t  present, there 
are two possible ways in which digitally coded information can 
be mixed with the  standard analog television signal to  be stored 
on analog videodisc records: one technique is described by Bar- 
re t t  [23] and Sigel [29]. They suggest to replace the  active pic- 
ture  material in the standard color video signal with data,  whle 
retaining the  various synchronizing signals that  are  used by 
playback electronics to identify an  analog video signal. Encoded 
in thls fashion, according to  Barrett, a t  a data ra te  of 7.16 Mbits 
per second in an  NTSC signal, a total of 375 stored bits per line 
can be stored. The total bits per TV picture could be 185,625 
bits. Utilizing a standard 108,000-track analog videodisc a total 
storage capacity of 2 x 10" bits per disc could be reached. 
Assuming 30-40% for error recovery purposes this would lead to  
the impressive figure of 1.2-1.4 x 10'' user bit per  disc. 

The other technique which would allow the  stcrage of a'lirnited 
amount of coded alphanumerical information on videodisc util- 
izes the opportunities provided by the well-known teletext tech- 
nology mentioned before. According to Sigel [29], as it is imple- 
mented in Europe, teletext can transmit as  many as 160 
alphanumerical characters hldden within four scanning lines of 
television frames each, which are  restored to  "pages" of 
alphanumeric and crude pictorial data by a special decoder. On 
a full videodisc record (PAL/SECAM) 1.44 x lo7 characters--the 
full Encyclopedia Brittanica having roughly 2.2 x 10' 
characters(!)\mcould be stored. 

One possible application of such character migh.t be to  provide 
subtitles to videodisc motion picture programs for handi.capped 
people or  for subtitling a program in a foreign language. 



Another might be the transmission of data into a computer whle 
pictorial information is being watched; the videodisc controller 
could be feed with programming instructions to modify the 
videodisc control program, as will be explained later. Since 
teletext is also available with standing frames, it might be used 
to provide descriptive text for freeze-frame pictures. 

b) "FacsimiLe" t y p e  s t a t i c  p i c tures  are more suitable for hgital 
videodisc systems. Their high quality resolution according to 
CCITT's Group 111 standard can only be assured by digital cohng 
technology. Such pictures, however, can only be shown on spe- 
cial high resolution monitors or be printed out by appropriate 
matrix printers. This type of information is less important for 
the residential videodisc user, but will find major application in 
office automation and document filing systems. Storage of 
"facsmile" type static pictures on analog disc in digital fashion is 
principally possible as described in the previous paragraph. 
However, at  present, no such solution is known. 

c) "Color TV' t y p e  freeze- f r a m e  p ic tures  are primarily suitable for 
analog videodisc systems. Appropriate digital coding, perhaps 
using some PCM decoding methods, would in principle make it 
possible for digital videodisc systems. However, a t  present, no 
such application is known to the author. 

d) "Color TV' type mot ion  p ic tures  are typically suitable for analog 
videodisc systems as described above. I t  seems at  present that 
the coding of motion pictures on digital videodiscs is beyond the 
presently known disc storage and data processing speed capa- 
bilities. According to J.W. Klimbie [30] about an 80-100 Mbit/sec 
processing speed would be requlred and on the presently known 
Q i t a l  videodisc only about a 10 second motion picture program 
could be stored. 

e) Audio (sound)  infurmatian a t  usual TV broadcast quality can be 
easily stored on analog videodiscs. The storage of sound on digi- 
tal videodisc is in principle possible too. 

The' basic principle behind recording voice on digital videodisc 
players will be PCM. PCM is an acronym for Pulse Code Modula- 
tion, a typical digital technique. Conventional audio and video 
systems, relying on analog techniques, handle sound and video 
signals without modification. The key principle behind PCM is 
that both the frequency and the levels of the signals are handled 
in an intermittent form regarding both the time and their'levels. 
Sound level and frequency are encoded with a binary coding sys- 
tem using only "1" or "0" and are th.en recorded as equal- 
amplitude digital pulses. And here lies the secret of PCM's capa- 
bility for yielding specifications superior to those of conven- 
tional systems. 

What are the advantages of digital audio recording in consumer 
electronics? While analog recording techniques have been 
remarkably improved, they are still limited by a number of 
weaknesses that result in &stortion and dynamic range 



limitations. These limitations are inherent in the tapes, heads, 
and other mechanical parts,  and i t  is virtually impossible to  
e h i n a t e  them completely. 

With digital systems, the sound or image signal is recorded and 
transmitted in the form of dlgital codes and t h s  has a whole 
host of advantages, among them: 
- Wide dynamic range 
- Flat frequency response regardless of input level 
- Extremely low distortion 

- Superior transient characteristics 
- No deterioration even with repeated duplication 
- Error correction capability 

The basic principle of the PCM recording process is shewn in 
Table 1 [16]. 

It should be noted that the technology for digital recording on 
optical discs is presently developing in two different direc- 
tions: "videodiscs" and "digital audio discs." The storage prin- 
ciple is basically the same on both. However, usually the 
quantity of data stored is considerably Q h e r  on videodiscs 
because of its physical size. Needless t o  say, in principle, i t  
also possible to  store voice information on videodisc devices. 

In principle, about 10 hours of super hifi quality sound could 
be stored on a n  average digital videodisc record. It is no 
doubt that there will be special applications when this capabil- 
ity of the dlgital videodisc recorder will be utilized. 

As we have seen a t  present no videodisc system, be it; analog or digi- 
tal,  exist whch  would fulfill the basic requirements-+ast information 
storage and media mixing capabilitydf an. "ideal videod.isc system." In 
Table 2 the characteristics and requirements of some present and future 
videodisc systems are shown. Whether the "ideal videodisc system" will 
be an  analog, digital, or  a mixed system is hard to predict a t  this stage. 

Mechanical versus Non-Mechanical Information Pickup from Yideodisc 
Records 

Although there are  a few systems with the  mechanical pick-up on the 
market (one, the Selectavision of RCA, for example, uses a special needle 
on a grooved capacitance disc), they seem to  be less important, as this 
technology has several disadvantages that exclude it from being used for 
the model applications to be discussed throughout this paper. One draw- 
back is that it does not allow random access to the recorded information 
which excludes its use for information retrieval purposes. Another defi- 
ciency is that so-called "freezed frame" pictures cannot be shown using 
this method (these deficiencies are  not true for the VHD system of JVC). 
And last but not least, the lifetime of both needle and record is limited 



Table 3. Principle of the PCM recording process 

What is the basic principle of operation behind PCM? 

There are three stages in the digitalization; sampling, quantizing, and encod- 
ing. The quantizing and encoding functions are handled by the A / D  (analog-to- 
digital) converter, and the reverse function is performed by the D/A (digital-to- 
analog) converter. 

(1) Sampling 

The sampling circuit serves to convert the analog signals into PAM (pulse 
amplitude modulation) signals at  fixed time intervals. These intervals are com- 
monly known as the sampling intervals and their reciprocal as the sampling fre- 
quency. Analog signals whose frequency is less than half that of the sampling fre- 
quency can be completely restored to their original form even after digitalization. 
The sampling circuit is usually associated with a holding circuit since there are 
limits to the operating speed of the quantizer. The sampling frequency for digital 
audio disc is usually 32,000 KHz, for studio applications, higher. 

(2) Quantizing 

Quantizing refers to the process where the levels of the individual sampled 
signals are  divided into fixed steps. The finer these steps, the more accurately 
the signal level is expressed, and the better the dynamic range and signal-to-noise 
ratio. If the number of quantizing bits is taken as  "n", then the number of steps 
which can be expressed becomes Zn. In equipment which aims to produce top- 
grade hi-fi, "n" is usually equal to 14-16 bits due to the sound quality, economic 
feasibility and other considerations. In PCM video systems 3-4 bits can be used to 
express brightness of a spot. 

(3) Encoding 

The signals which have been converted into discrete values with respect to 
both time and their amplitude by sampling and quantizing are further converted 
into pulse codes and recorded. A binary code (0 or 1) is normally used for this 
purpose. 

1 0 1 0 1 0 0 1 0 1 1 0 0  I 

Analog Signal Sampling Ouantization PCM s~gnal 

I PCM Recording Prcxeu 
6 



Table1 2. Characteristics of present and future videodisc systems 



due to the high rotation speed of the disc and the mechanical contact 
between needle and record. Therefore we have limited the following dis- 
cussion to technologies with non-mechanical pickup capabilities. 

Pickup from videodisc records can be either capacitive or optical. 
The basic principle of the capacitive pickup techmques lies in sensing the 
change of the electrical capacitance between a conductive surface on the 
disc and a thin metallic electrode carried by a stylus tracking either in 
the groove (mechanical pickup) or smoothly above it on an "air cushon" 
(non-mechanical pickup). Optical pickup techniques are always non- 
mechanical and are based upon the change in the optical characteristics 
of the videodisc record under a laser beam spot. This technique will be 
discussed in more depth, since it is regarded as more suitable for major 
videodisc applications. 

Mechanical Replication (Stamping) versus LaserBeam 
Recording of Information onto Records 

Both methods of record production are of basic importance for the 
videodisc applications that follow. The "mechanical" manufacture of 
videodisc records will allow mass production of programs for videodisc 
players, including movies, encyclopedias, electronic dictionaries, tele- 
phone directories, railway timetables and similar products that  can be 
sold and distributed in large quantities. At present information for 
"mechanical" replication arrives a t  the videodisc factory on videotape. 

In the case of the analog Philips vi.deodiscs [26], the beam of a 100 
MW laser is modulated with the tape's signals and is focused onto a rotat- 
ing glass disc coated with a photosensitive emulsion. When the exposed 
disc has been developed and etched, it contains some 25,000 million pits. 
This master disc is then coated with silver and. replayed to check its qual- 
ity. If the disc is acceptable, the next stage is to electroplate it with 
nickel and coat it with aluminium to produce a "father" disc: this nega- 
tive replica.of the master is stripped from the glass, and electroplated 
with nickel to produce a "mother" on positive replica of the original mas- 
ter. From this another electro-nickel plating process produces a negative 
"son" or stamper, whch is used in the production process. The stampers 
are used to make "half" discs, pairs of which are glued together to make 
the final double-sided product. 

However, at  the time of t h s  writing there remain some "snags" in 
this production process. In a UK factory, according to press reports [26], 
failure rates vary from 10 to 90 percent and are quite unpredictable. I t  
can be hoped however, that these "infantile disorders" in videodisc record 
production will be overcome in the future. 

The other type, "na -  mechanical" mformation recordiw i.s carried 
out with a laser beam, which burns the information onto an empty video- 
disc record in a sequential recording process. This technology does not 
allow real mass production of videodisc records; i t  is, however, of utmost 
importance for applications such as archwing, filing, and office automa- 
tion. A similar technology used in th.e Di.gita1 Optical Rec0rd.in.g System 
(DOR) of Phlips is described in the following section in more detail. In 



Table 3 the application classes classes are listed according to the record- 
ing technology to be used. The switchng point between the two recording 
technologies lies a t  a production level of around 100 copies. 

In dealing wi.th the above classifications t h s  study will focus pri- 
marily on videodiscs with multimedia mi.xing capability that use non- 
mechanical pickup (primarily optical) reading techniques allowing ran- 
dom access to frames and with mechanical (stamping of records) and 
laser-beam recording techniques. As shown in Table 2, such systems 
which combine all the above requirements do not exist yet, although their 
characteristics are individually part of one or other presently known sys- 
tems. In Table 2, n.o at tempt is made to compile all videodisc systems 
presently known. 

A Description of Digital Optic a1 Videodisc Technology 
Optical videodisc technology has changed little since 1978 when P h -  

lips launched its first laser-optical system (Philips/Magnavox) [I]. A 30 
cm record, superficially resembling an audio disc with a grooveless sur- 
face, is coated with a reflective material (Figure 2). The disc's surface is 
covered with a spiral of tiny pits. For playback, the disc is rotated a t  high 
speed on a gramophone turntable while a finely focused laser beam 
tracks from the inside outwards. As each pit passes through the laser 
beam it makes a minute alteration in the pattern of the reflection off the 
disc's surface. These changes are detected by a photosensor arranged 
along the same axis as the laser beam. The photosensor produces an  
electrical signal that  can be decoded to produce color television pictures, 

Table 3. Applications for mechanical replication and laser beam record- 
ing of information 

Mechanical recording Laser beam 
(replicating of records) re cording 

Entertainment 
Encyclopedia 
Automated dictionary 
Electronic directory 
Information bank 
Electronic publishing 
Timetables 
Education 
Mass storage, archives 

(many copies) 

Mass storage (few copies 
Archives of data 
Program archives 
Document filing 



Protective coating 

Transparent carrier - - - - - 

Laser beam Aluminium reflective coating 

Figure 2. Simplified diagram of a videodisc record based on the laser 
beam reflection principle (Philips /Magnavox) [I]. 

stereo sounds, or (in digital systems) special codes for digital informa- 
tion. A similar technique for optical storage such as the one used by Phi- 
lips' other system, the experimental Digital @tical Recording ( D O R )  
s y s t e m 4  one-time writing and read only s y s t e m i s  shown in Figure 3. 

The DOR system uses a 12 inch disc formed from two glass substrates 
placed back-to-back in a sealed air-tight construction. The so-formed 
experimental optical disc has a spiral groove equivalent to 45,000 usable 
tracks divided into 128 sectors. Each track/sector combination is given 
an individual segment address. In this way segments can be found in ran- 
dom access mode. DOR is in principle an empty disc, as are magnetic 
tape and discs. DOR discs can be written (once only) by the user. The 
user may write about 1,000 bits of information in each segment Thus, on 
the experimental DOR system, it is possible to store 5 x 10' bits per side; 
since the disc is double-sided 101° bits can be stored per disc. Phlips 
sources say [30] that in the final version of DOR double-side 2 GByte user 
information (1.6 x 1 0 ' ~  bits) can be stored. 

The disc is pregrooved, and the recording surface is completely pro- 
tected: it is engraved and read through the glass substrate. Engraving is 
carried out by so modulating the diode laser beam that a hole less than 
one micron in diameter is burnt in the sensitive layer; once engraved, the 
disc cannot be rewritten and retains its properties for a t  least 10 years, 
making it suitable for archival purposes. 



Read laser 
Outputdetector array 

Holes in disc medium 

Figure 3. The optical disc memory for data storage and retrieval--such 
as the Philips DOR system--employ laser light to write data by 
burning holes in the medium on a spinning disc. The laser for 
writing the data is shown at the far left. A laser for reading 
the data is shown at the center top. Its light reflects from the 
disc at the places where no hole has been burned, then makes 
a second passage through the optical train of the device, arriv- 
ing back at a beam splitter with a vertical polarization. This 
reflects the beam to a detector array. The reflected light also 
yields feedback signals for control of tracking and focusing 
121. 



Another type of systems, used for example, by Thomson-CSF 
(another analog videodisc), is based on the so-called laser transmission 
principle. The beam shnes through the disc that has been previously 
burned by a laser, the photosensor being situated on the other side of the 
record. Thomson's system utilizes a flexible rather than a rigid disc (12 
inches) carrying approximately 30 minutes' (or 54,000 frames) on each 
side. Since it is a transmissive system, though, any of the 108,000 frames 
can be randomly accessed without flipping over the disc, simply by 
changing the focal point of the optics from one side to the other. 

Whle conventional au&o discs have practically only one long track of 
information along a spiral line going from the outside inwards on each 
side, video discs have numerous tracks (e.g., up to 54,000 per side on 
DISCOVISION'S PR-7820 model,* each separated by 65 millionths of an 
inch) along concentrical circles containing independent frames of infor- 
mation. When the PR-7820 is working in video mode, each track contains 
information for one TV picture, with approximately 200,000 picture ele- 
ments per frame. Sound and computer instructions are recorded on the 
disc as well. On the model PR-7820, a helium-neon laser is used to "read" 
the information from the disc, which is spun on a turntable at 1800 rpm, 
54 times the speed of a normal 33-1 / 3  rpm audio turntable. 

* Another analog system manufactured by Discovision Associates (subsidiary of IBM and MCA, 
h c . ) .  



3. VIDEODISC AS A TYPICAL "VIDEOMATICS'DEXICE 
There seems to be much confusion about the possible role of video- 

disc technology and its impacts on different fields of consumer electron- 
ics such as video recording, hi-fi, personal computing, and the l i k e a n d  
also on various fields of information technology such as mass storage of 
information and random retrieval. In order to assess videodisc technol- 
ogy and its potential impacts, we shall follow a two-sided approach: first, 
we will look a t  it from the consumer electronics, mainly audio-video 
recording, point of view, and then we shall examine this phenomenon 
from the information technology angle. Finally, the "dualistic" nature of 
this technology will be shown, classifying videodiscs as typical "videomat- 
ics" devices. The t e r m  "videomatics" h a s  been def ined [6]  a s  the  conver- 
gence of v ideo a n d  in format ion  technologies on the analogy of the  t e r m  
" te lemat ic s"-or  R e n c h  " t e l e m a t i g u e " ~ o i n e d  b y  S imon Nora a n d  Alain 
Minc in their f a m o u s  report  to the President of f iance  [ 71. When Nora 
and Minc use telematics to  describe the growing link between computers 
and telecornrnunications they point out a new concept: the computer is 
not only a computation machine but also a telecommunications device. 
The te rm "videomatics" is used t o  describe the growing interconnection 
between computers and audio-video technologies such as television and 
video recording. The term videornatics defines the computer not only a 
computational and telecommunications device, but also a machine for 
controlling, mixing, and processing textual, audio, and video information. 

3.1 Yideodisc Technology as Seen from the Consumer Electronics 
Point of View 

Comparing videodisc technology as described in this paper with the 
presently known standard videotape recording technology, we see certain 
basic differences in recording and playback: 

a) most future videodisc players will, we believe, use in some form 
digital signals (independently whether they use analog or digital 
coding for storage); videotape recorders usually work with ana- 
log signals; 

b) video frames (individual pictures) can be addressed separately 
on videodiscs but not on videotapes; 

c) on videodisc access to  picture frames is random; in videotape 
recorders, it is sequential; 

d) a t  present. videodiscs are "read only" devices (and "write once" 
in case of digital optical recording systems); whereas videotape 
recorders may be used t o  record and/or erase selected pro- 
grams; 

From the technological point of view, videodisc player and videotape 
recoder are  completely different. The only similarity is that TV-like video 
information (movies, sport events, etc.) can be replayed on both types of 
device. (Incidentally, this was the original purpose of the commercial 
videodisc design.) If the only criteri-on for comparison were this one, 



there would probably be no market for videodiscs, since their unit prices 
are and still would be somewhat higher than those of videotape recorders. 
A one-hour videodisc program will cost approximately five times (k15) 
that of a one-hour continuous program on videotape (k3) [I]. However, 
the videodisc will bring new attractive consumer oriented application as 
well, which will make it worthwhile to have a videodisc in any home studio. 

3.2 Videodisc Technology as Seen From the Information Technology 
Angle 

Looking from the point of view of computer technology and compar- 
ing the videodisc technology with other (mainly magnetic disc) technolo- 
gies, the following differences can be observed: 

1) The videodisc technology (more precisely in our case optical disc 
technology) attains the greatest storage densi ty  of any of the infor- 
mation storage technologies presently known (see Figures 4 and 5). 

In magnetic storage the cell size is limited by the magnetic particle 
size lirnit, which sets the ultimate magnetic limit somewhere below 
10' bits/ine, corresponding to a memory cell size of approximately 2 
microns. 

In optical storage the cell size is limited by the optical diffraction 
limit which sets the ultimate limit for optical recording above loe 
bits/ine, corresponding to a memory cell size on the order of 0.4 
micron. These limits are affected by ambient temperatures and by 
the wavelength of the light used; for instance, the limit for silver 
halide film is lower than this owing to limitations on the optics and 
the requirement to work with visible light. Figure 5 gives a reason- 
able projection of the limiting capabilities of various storage media. 

2) The access t i m e  to videodisc is similar to those of the magnetic mov- 
ing head discs, i.e., between lo-' and 10-I seconds. The 
recorder/playback system of the Philips DOR system, for example, 
enables a record to be accessed with a mean random access time of 
135 milliseconds; the very compact optical system weighing only 40 
grams is mounted on an arm that is driven by a linear motor. The 
arm has an optical grating, which very quickly brings the optics to 
within 50 tracks of the one selected. Direct reading from the disc 
then enables rapid selection of the exact track. Less sophisticated 
videodisc players allow longer access times (up to five seconds). 

3) The storage capac i ty  of videodiscs is remarkably high. 

In Table 4, the storage capacities of various video&sc systems are 
compiled according to different types of storage "measurement 
units." No attempt is made to collect information on all presently 
available videodisc systems; th.e table is intended to provide 0d.y a 
general picture of the storage capabilities of present and future 
videodisc systems. 



Figure 4. Data package density of storage technologies. Advances in 
disc technology are reflected by advances in the packing den- 
sity of data, expressed in this chart as bits per square inch on 
the surface of a disc. In rigid discs the magnetic medium is 
coated onto an aluminum substrate; in "floppy," or flexible, 
discs it is coated onto Mylar plastic. Two improvements are 
foreseen for the magnetic technology: the use of metal film 
instead of iron oxide as the medium on rigid discs and the 
recording of data in regions of magnetization oriented verti- 
cally, or perpendicular to the plane of the disc, instead of hor- 
izontally, the current practice, Videodisc technology might 
attain the greatest storage density of all [ 2 ] .  
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Figure 5. Trends in information storage [22]. 

As an example of a typical digital storage device the Digital Optical 
Recording System (DOR) was taken. The experimental system as 
mentioned previously may store double-sided 101° bits of user infor- 
mation: however, according to Philips sources [30] this vill be 
upgraded to 1.6 x 10" bits or 2 GBytes of storage capacity. 

If, on the experimental system, coded characters are stored, each 
page will require about 4 x lo4 bits. If,  however, one stores optically 
scanned data according to the Group I11 facsimile standard of eight 
lines per millimeter, 4 x 10' picture elements will be produced per 
page, or 4 x lo6 bits in black and white (see Figure 6). Using data 
compression techniques one can reduce this by a factor of 10, so 
that on the average 4 x lo5 bits are required to record a page; i.e., a 
disc would hold a maximum of 25,000 facsimile pages. 

As a comparison, it should be mentioned here that an average TV 
picture contains "only" about 2 x lo5 picture elements, although 
with grades in colors, which is less by a factor of about 20 than the 
Group 111 facsimile standard picture of the DOR system. The reslu- 
tion quality of the TV picture is accordingly also lower, but for mov- 
ing pictures it is fully acceptable. 
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With the new type of DOR system obviously the above storage figures 
go up accordingly. 

The storage capacity of analog videodisc models are also impres- 
sive/ DVA's Model PR-7820 stores almost 30 billion bits of analo % information. This allows the storage of approximately 1.2 x 10 
characters in "TV mode", considering that  on one TV screen no more 
than 1000-2000 characters can be shown because of the relatively 
low resolution of the screen. If "videotex-like" frames* are shown on 
videodisc+vhich in the case of analog storage does not have a par- 
ticular meaning--this only allows one to  compare it with the 
"videotex" storage capacity of digjtal videodisc systems in whch  
1.00 x lo5 frames can be stored. In freeze-frame mode obviously 
also 1.00 x 10' pictures can be stored (1 picture per track). When 
"color TV" type motion pictures are  stored, a one-hour program can 
be played on a two sided videodisc record. 

Future videodisc records will contain in addition, as pointed out ear- 
lier, other types of information; thus on. a future analog system 1.5- 
1.7 GByte of digital information might be stored in a "pseudo" digi- 
tal fashion and 1.44 x 10' characters in teletext type mode. Future 
drgital videodiscs will be able to  store digitally up to  50 hours of 
super-quality audio hiA program.. 

The vast storage capacity of a single record closes a wide gap in 
terms of access time between the so-called random secondary 
storage devices (e.g., disc) and tertiary storage devices (e.g., mag- 
netic tape, mass storage systems) (Figure 7). The new technology 
in this category offers herewith new categories of applications, pre- 
viously unknown in in the era  of "classical computer technology," 
such as on-line storage of mass information like encyclopedias, and 
voice and picture images for storage, retrieval, and processing. In 
closing this gap (see Figure 7), we also get in hand a technology 
allowing computer-controlled manipulation of classical 'I'V 
broadcast-like information. As mentioned earlier, w e  d l  s e e  a con- 
v e r g e n c e  of t h e  i n f o r m a t i o n  a n d  v i d e o  technologies ,  t o  b e  ca l l ed  
"videornatics ," similar to  the  convergence of the  i n f o r m a t i o n  a n d  
t e l e c o m m u n i c a t i o n s  technolo ies k n o u m  as "te lemat ics ."  In Figure 7 ,  9 in the range of lo-' + 10- second access time, another , ra ther  
broad "gap" can be observed (called "the gap"), which cannot yet be 
fully covered by operational storage technologies. 

4) The pr ice  of videodisc al.lows cheap, randomly accessible mass 
storage of digital information (see Flgure 0). A very simple but illus- 
trative way to look a t  the impact of a technology is through the so- 
called "wedge" illustration [5]. Its principle is shown in Figure 9. 

''Videotex-like" frames are used throughout this study t o  define the unit for the maximum 
of alphanumerical information that could sensibly be put on an ordinary TV screen. 



Figure 7. Total memory capacity of storage technologies in terms of ac- 
cess time; (data exclusive of videodiscs were taken from [4]). 
Remarks: the capacity of the moving disc head represents 
maximum system capacity and not that of a smgle drive, 
which would be around 4.8,10g bit. +: EBAM-Electronic beam 
accessed memories (under development), +*: CCDs-charge- 
coupled devices (new technology), ++*:I00 G bit videodisc al- 
ready under development would be available before 1985 
[22,28], ****: The Phlips juke-box system MEGADOC will be 
able to  store around 128 GBytes of information. Philips is also 
working on linear selectors with a mass storage capacity of 
128 GBytes ( x  5.12 . 1011 bit) and an access time of around 10 
seconds. 
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Figure 9. The principle of "performance" and "learning" curves. The 
"wedge" illustrates the two directions in which a product can 
evolve: a manufacturer can either keep performance constant 
and reduce the cost or keep the cost constant and increase 
performance. [5]. 



The tip of the wedge represents the introduction of a product. The 
wedge itself traces the evolution of any one of the product's key 
features (a disc drive's capacity in megabytes, for example). 

The product can evolve in either of two basic directions. As technical 
bdvances lower manufacturing costs, the price of the product will fol- 
low a downward curve. Ths path has been labeled the "learning 
curve" (Figure 9) and is analogous to the term "experience c w e "  
used in the semiconductor industry. The second path involves 
increasing the functionality of the product while keeping its price 
constant. In other words, as the manufacturing cost for the 
product's initial capabihty decreases, more capability can be added 
without raising the manufacturing cost and price beyond its original 
point. This path is the "performance curve" seen in Figure 9. Nor- 
mally, a product grows into a family of products by following both 
paths. This concept offers a perspective on all computer hardware 
development, and provides a convenient way of looking at hardware 
technology trends. 

Figure 8 shows the evolution of disc technology over the last 20 
years. The chart shows four wedges-one for multiplatter discs, one 
for single-platter cartridge d.iscs, and two for flexible discs. A fifth 
wedge is emerging between the cartridge disc and the floppy disc 
(i.e., nonremovable Winchester), although it is still too early to plot 
its path. 

The videodisc is represented by a sixth wedge, likewise emerging 
between the cartridge disc and the floppy disc. We have tried to 
predict its path (Figure 9). For cheap videodisc players we have 
taken as a starting point the present analog type of system (such as 
the one produced by Discovision Associates) and have predicted that 
cheap digital or analog optical videodisc players will be available in 
the future at the same price level, The price of a DVA Model PR- 
7820/3 is about US $2,500, of a universal external interface, US $225, 
and of an videodisc record, US $5 (without royalty for the program 
stored). A second category of the new device is represented by the 
digital optical recording devices, which is also represented 
separately as an OEM device. 

In Figure 10 s t w a g e  unit costs are shown in terms of access time. 
For a videodisc system using mechanical (cheap replicated) video- 
disc records the average storage cost per information bit is about 
0.6.10-' cents (US). This is not only the cheapest storage presently 
known on random access devices but also the cheapest storage in 
the entire field of information technology. In comparing this tech- 
nology with that of magnetic moving head discs, a single videodisc 
storage unit is cheaper by a factor of lo4(!). Such an achievement in 
cost savings obviously represents a revolutionary breakthrough in 
the field of random access storage devices. According to [23] it can 
be expected that a storage price of between lo-' and lo-' cent per 
bit stored should be achievable by 1985. However, it is also expected 
that the other storage technologies listed on Figure 10 will undergo 



similar price improvements and will cost less by a factor of a t  least 
10. A s h f t  in this direction can already be seen in Kenney's com- 
parison Table 5 [24], which is based on more recent data. 

For its Digital Optical Recording systems Phlips expects that  the 
user will have to pay between US $250 and $300 for a disc record; it 
is hoped that  in the second half of the  1980s this price will fall below 
8100. The company plans to have a starting price in 1982 of around 
US $100,000 for the disc drive itself. The price could be half of that  
in the following year if a sufficient volume is produced and sold. I t  is 
expected that  in the second half of the decade the DOR disc drives 
could be sold a t  an OEM price of around $10,000 per unit. 
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Figure 10. Unit costs versus access time of storage technologies (data ex- 
clusive videodisc technology are taken from [4]). 



Table 5. Characteristics of mass storage devices taken partly from Ken- 
ney [24]. 

User Access Data Hardware Media Media Archi- 
Device capacity time rate cost cost cost/bit vallife 

(Mbytes) (ms) (Mbits/s) (dollars) (dollars) (cents) (years) 
Magnetic disc 70 35 7.0 20,000 2,200 3.1~10-~ 2-3 
IBM 3340 disc pack 

6250 bits/in 91 45,000 3.3 28,440 16.50 1.8xlO-' 1-2 
tape 2,400 
IBM 3420-8 ft reel 
(2000 byte 
records) 

Mass storage 462,500 16,000 7 2,400,000 188,000 4x10-' 1-2 
system (9,400 
IBM 3850 cartridges 

820 each) 

Philips optical 2,000 100-500 5-10 10,000 250 5 x lo-0 >lo 
disc (DOR-OEM) 

Philips MEGADOC 128,000 3,000 20-50 200,000 16,000 1.5 x 10" >10 
juke-box (64 

discs at 
8250 each 

Thus the projected unit storage price in an Digital Optical Recording 
system such as that of Philips will be around lo-' cent per bit in 1982 
and around 104 cent per bit in 1985. This is considerably higher 
than the cost per information unit predicted for stamped (repli- 
cated) videodisc record systems. Therefore, in applications such as 
office automation where digital optical recording systems would be 
applied, the prices are still attractive, but they cannot be compared 
with storage unit cost of videodisc systems using "mass produced" 
videodisc records. 

5)  Semicmductw technology: The orders-of-magnitude advances that 
were characteristic of semiconductor technology have produced 
similar startling changes in the price and performance of proces- 
sors. 

Figure 11 illustrates the learning curve for a mainframe computer of 
1955 vintage. By the mid-1960s, the emerging minicomputer had 
achieved the same or better performance at a price nearly ten times 
lower. By the early 70s an  intelligent terminal had reached the same 
level, but now the price was almost 100 times lower. In 1977 a hand- 
held programmable calculator with a performance equal to that of 



Figure 11. Constant performance plotted against mainframe price (Fig- 
ures except videodisc are taken from [ 3 ] ) .  
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the 1955 mainframe computer was available a t  a price almost 1000 
times lower than its much larger predecessor. 

Standard analog videodisc players, whch were first introduced to the 
consumer electronics market around the end of the seventies, are 
expected to slide down along the learning curve to about US $400 by 
1885. A t  the same time, more sophisticated intellgent digital video- 
disc players controlled by advanced microcomputers with capacities 
of 256-512 KB RAM will be sold as dedicated data bank computers. 
Such devices, as will be shown later, will be able to perform as third 
party computers ("data hosts") on interactive videotex systems, thus 
videodisc development will influence the videotex technology as well. 

6) The "read only" nature of the videodisc: Videodisc records as we 
presently know them are non-erasable: the data, once wr i t t en4 r  
more accurately, burned by a laser beam or stamped by the 
stampers-cannot be changed. Reading the data with a laser light of 



lower intensity does not (and should not) alter the information 
stored on the record. But videodisc technology is still in its infancy; 
it is hoped that in the future it can be developed into a form in which 
the data can be erased and rewritten many times. Intense research 
in this direction is being undertaken at different research centers 
around the world: the Japanese firm Matsushita is planning to bring 
such a system to the market in about two years' time. 

In the opinion of the author, the "read only" nature of videodisc is, 
not hindering factor, since large, low cost random access data 
archives-even with read-only characteristics4an be utilized in 
many essential applications. This will be shown in Chapter 5. These 
applications include their use as backup archive systems in com- 
puter centers and as videodisc reference books (encyclopedia) like 
the Encyclopedia Brittanica or so-called "automated dictionaries" 
like Webster's New Twentieth Century Dictionary of the English 
Language. Multilanguage dictionaries are another excelIent, long 
awaited "read only" applications. 

The compilation and preparation of information for videodisc appli- 
cation such as these is very difficult, requiring special professional 
skills and other major resources (labor, investment in equipment, 
eta.). In other words, this sort of information must be collected and 
prepared by specialists and could not be done at the cottage indus- 
try level. Thus it is most unlikely that there would be the wish to 
overwrite such valuabIe information. Moreover copyright seems to 
be another major issue for this sort of information. Thus it can be 
expected that a special new branch of industry, "electronic publish- 
ing," will emerge. 

In using videodisc for archival purposes, the "read only" nature of 
this medium gives it a major advantage over "erasable" and/or 
"reusable" media such as magnetic tapes or magnetic discs. Not 
only can the information not be erased by mistake, but it can not be 
even altered, if  one wishes to do so. Thus the medium can "freeze" 
information in its current state for documentation purposes. This 
capability is of utmost importance for certain office automation and 
archive purposes. 

The erasable and reusable nature of other me&a such as RAM 
memory or magnetic disc memory makes them most convenient for 
generating and modifying information, documents, data, etc. For 
example, this paper was put on to a computer with word processing 
facilities and could then be conveniently modified. After about five 
iterations, the author came up with what he felt should be the final 
version, which could then be published, copyrighted, and thus 
"frozen." In the past this "freezing" has been done on paper through 
the printing process; in the future it can be done on videodisc by opt- 
ical storage as well. 



The content of a given videodisc record can be read and modified by 
appropriate computer hardware, but in digital optical recording 
rewriting can only be done on a new, empty videodisc record. The 
old record would serve as an archive of the previous state of the 
information content. 

Many problems still remain in the handling of official, legal types of 
documents by means of office automation devices. One such prob- 
lem is how to store signatures so that they can be legally recognized 
as being original. This might be done through fine laser scanning of 
original signatures. In the case of the videodisc the large storage 
needs of t h s  information would not represent a hndering factor. In 
the future, with more sophisticated pattern recognition methods, the 
computer could even be used to check the validity of the signature. 

A major problem arises, however, if, say, the text of an official one 
page signed letter is modified by a word processing machine while 
the original signature is left untouched. If one were to store the 
modified letter on another videodisc record, readers of it could be 
easily mislead to believe that it represents th.e original version. A 
way has to  be found out (and generally accepted) for detecting a 
given text to a certain signature and vice versa. There must be some 
method (probably a combined hardware and software process) for 
detecting changes either in the text or in the signature, indicating 
that the original assignment between text and signature has been 
disturbed. Videodisc represents progress along t h s  Line since the 
original version of the document will remain available; the question 
remains as to which version is the original and which is the modified 
one. If traditional magnetic or RAM memory are used, this question 
will not even be raised. 

We can summarize by saying that in light of the broad field of appli- 
cations for videodisc, and taking into account the other aspects men- 
tioned above, such as the preparation of mass information and pro- 
duction of videodisc records, the "read only" nature of the videodisc 
technology does not seem to be a hindering factor in their applicabil- 
ity; in fact, for archiving purposes, it has advantages. 

7 )  Data accuracy problems: Errors due to faults in. videodisc production 
(e.g., in mastering and replication) cause major problems of data 
accuracy. Failure rates are hgh.  (As mentioned earlier, for video- 
disc records with TV-lke programs failure rates vary between 10 to 
90 percent a t  a Philips factory in the UK.) and are quite unpredict- 
able. Unwanted particles (dust. dirt, etc.) are unavoidable in  any 
system and in videodisc recording a particle just a few microns in 
diameter can prevent the recording of many signal elements or 
obscure them after recording. The effects of this type of "dropout" 
are less significant for television recordings since redundancy in 
individual frames coupled with the persistence of vi.sion reduces 
their effects to neglrgible proportions. Nevertheless, there are seri- 
ous problems with recording even television-like programs on video- 
disc records [26]. The situation is even worse if a stream of coded, 



compressed text or data is to be recorded, since dropouts can obli- 
terate a whole block of digits and cause significant numbers of 
errors. Methods for overcoming these problems through protection 
of the storage media surface and introduction of error control cod- 
ing are being extensively researched and introduced. Whether or not 
tis problem is solved will be decisive to the success of this technol- 
ogy. 

Data accuracy is not a new problem in information storage and 
transmission. However, the "read only" or "frozen" nature of video- 
discs makes a solution to the problem of data accuracy most diffi- 
cult. In other storage or transmission technologies, the computer 
system itself attempts to correct false data by means of parity 
checks and other error recovery methods; in cases of data transmis- 
sion errors, where correction is not possible, the system is requested 
to repeat the transmission. In case of data read from magnetic disc, 
repetition of data access is usual practice, too. If it turns out that, 
after a few more trials, a certain disc track cannot be used by the 
system any more, preallocated "reserve" tracks will be introduced to 
replace the old track. However, such methods are not possible with 
replicated videodiscs. With the digital optical recording system it is 
somewhat easier, since the information can be checked immediately 
after writing and if the original information cannot be restored by 
using error control coding methods a new track would immediately 
.be allocated for the same stream of information which now could be 
repeatedly burned onto the disc. The mass produced (replicated) 
videodisc records would allow no such possibility; the original infor- 
mation has to be restored+upported by sophisticated error control 
co&ng methods by any means+n the basis of what is on the video- 
disc record. 

Nevertheless, videodisc experts are confident that in the long run, 
this can be done: as J.W. Klimbie [30] from Philips Research Labora- 
tory says, this is already applied, and works satisfactory, in their 
DOR system where the empty disc is preformatted in a similar 
manner as their mass-produced video long-play disc and where each 
DOR sector contains its individual address. 

As an example for error recovery, let us consider the Philips DRAW 
(Direct read after write) [27] method used in the experimental ver- 
sion of the DOR system. 

There are 45,000 tracks on each side, every track containing 128 sec- 
tors of 1,900 bits. Each sector has a unique address and 1,024 bits of 
protected use data, followed by a secondary error-checking code. 
The error correction bits are split up into 22 so-called code words of 
16 characters of 4 bits, which are interleaved throughout the sector. 
If later, when the information is read, error bursts are distributed 
over many code words. It is claimed that a primary and backup 
error-encoding system corrects the error rate to less than 10-lo. 



The primary encoder and interleaver introduce structured redun- 
dancy to enable detection and correction of all errors except very 
long bursts. The backup error-correction system monitors the play- 
back quality during recording. Any discrepancy between the incom- 
mg data and the recovered playback signal that approaches the 
correcting power limit of the code causes the system to rewrite the 
entire sector in the next block. Ths  burst-trapping method virtually 
eliminates zero uncorrected errors, even in the presence of large 
defects. When no errors (or correctable errors) are detected, an 
ACCEPT code is written. The design provides for subsequent indirect 
addressing by leaving in the sector a gap that may later be recorded 
with a posting sync sequence and also with the post (or indirect 
address). 

The error-detection correction system 1231 transfers input data from 
a source to  a double, one-sector bd fe r  (Figure 12). 
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Modulation Coding + 
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Figure 12. Error detection/correction system 



The first sector is coded, interleaved, modulated, and then used to 
drive the recording laser. Modulation matches the data spectrum to 
the spectral requirements of the recordhead process. As writing is 
recorded on the disc, it is read4hrough the same objective40 
check the accuracy of the recording. Should the sector recording 
exceed (or, equal) the error-correcting capability of the system, a 
secondary error-checkmg REJECT code is written, and the "enable- 
next-sector" signal is inhibited. In t h s  way "bad" sectors are rewrit- 
ten. Errors may occur only through disc degradation or improper 
reading. 

If, however, the sector recording satisfies the error-correcting capa- 
bility of the system, as determined from the playback signal, the 
secondary error-checking ACCEPT code is written. The "enable- 
next-sector" signal is then given, and the data source is advanced. 

There are other ways of detecting and correcting errors, of course, 
without direct playback and secondary error checking, but they 
would require a more robust coding-interleaving scheme that would 
be less efficient and would decrease the usable disc capacity. I t  is 
this technique which has to be applied for reading "mass produced" 
(pressed) videodisc records. 

The complexity of the data accuracy problem in this technology will 
cause many headaches in the years to come. First the problem has 
to be solved satisfactorily, and this applies also to mass produced 
(pressed) digital videodisc records; then it has to be standardized in 
order to assure that the technology will achieve full market penetra- 
tion. If too sophisticated hardware or software methods have to be 
applied, to the mass-produc tion of digital videodisc records and their 
playback this might have a negative effect on the very favorable cost 
level of this storage technology. But answer to this question can only 
be expected in the coming years. 

3.3 The "Dualistic Nature" of Videodisc 
A s  we have seen, videodisc has a "Janus-faced dualistic" nature. On 

the one hand, it fulfills technically all the requirements for a consumer 
electronics product: i t  can play back prerecorded video information, it 
can present slow or fast motion, it has two channel stereo sound, and it 
can perform several other consumer electronics functions. One can 
argue about wheth.er or not it satisfies these needs as efficiently and 
cheaply as standard videotape devices, but this is not the point. The 
basic issue is that in addition to these functions, videodisc can perform a 
number of qualitatively new functions. The other side of the "Janus face," 
which looks in direction of information technology, sees a "gap-filling" 
technology in the field of fast random mass storage devices, with the 
added advantage of extremely low costs. In particular, the technological 
revolution of the videodisc, backed by optical storage and microcomputer 
technology, provides a new basis for the storage and manipulation of 
large quantities of textual, audio, an.d visual information. The videodisc 



drive's ability to  perform the above-mentioned consumer electronics 
functions represents only a small fraction of the capabilities for its built- 
in microcomputer. A new horizon of videodisc applications is described 
at  length in Chapter 5. 

4. OPERATIONAL FUNCTIONS OF VIDEODISC PLAYERS 

4.1 "Classical" Functions 
As mentioned earlier, the typical videodisc player presently available 

on the market can randomly access over 54,000 videodisc tracks per disc 
side. The most classical function of this type of videodisc player is motion 
playback of video image frames. 

Clearly, the present format of a videodisc image frame follows the 
standard TV-video and audio format. Hence for the USA, according to  
NTSC standards, 525 lines (about 150,000 picture elements, but not bits) 
must be produced a t  a speed of 30 frames per second. In Europe, this 
must be done in accordance with PAL, SECAM, or other TV techniques: 25 
frames per second, each frame havmg 625 lines (210,000 picture ele- 
ments per frame). Since in principle the access to videodisc frames is 
random, the rnicrocomputer-based videodisc controller executes an  
internal program for generating sequential frame access, moving step by 
step from the first frame near the center of the disc to the last one a t  the 
outside. A possible flow of control is shown in Flgure 13. 

The flow chart in Figure 13 also includes other classical functions of 
the videodisc controller, such as slow motion, fast motion, freeze-frame, 
and reverse motion. 

The most important videodisc functions (both classical ones and 
those related to  information technology) are compiled in Table 6, whch  
describes the major operational features of a videodisc controller. 

4.2 The Information Technology-Related Functions of Videodiscs 
Before discussing the information technology-related functions of 

videodisc, we should again summarize the existing new technologies that 
form the basis for them. 

a) Ultra high density storage of any kind of analog or digital infor- 
mation. 

b) Fast random access to  addressable units (kames) of informa- 
tion by means of a highly focused laser beam; 

c) Application of microcomputers to control the functions of the 
videodisc handling program, which adds greatly enhanced local 
intelhgence to  the system. 

d) A broad variety of possible hardware interfaces to  other types of 
applications, techniques, and services, such as TV, hi-fi, personal 
computer, remote and local host computer, telecommunication 
and computer networks, videotex systems, and combinations 
thereof. 
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Table 5 .  Operational features  of a videodisc controller 
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The information technology-related functions provided by an "ideal" 
videodisc controller can be divided into two major categories: 

- fast random access and control functions of preferably digital- 
ized mass information; and 

- data output channel functions. 
It has to be mentioned that such an "ideal" videodisc system is not on the 
market yet, but present trends show that this will be the very likely way. 

4.2.1. Fast Random- Access C o n t ~ o l  of Digi ta l i zed  Mass Informat ion  

As mentioned earlier, all information on the tracks of the videodisc 
device can be addressed separately. If coded textual information is 
stored, an additional subdivision of the entities of information might be 
carried out by defining a number of information blocks and recording 
each on a separate information track as done by Philips in their DOR. The 
random access process on videodisc is very similar to the well-known ran- 
dom access method on moving head magnetic discs. The mode of access 
control can be one of the following: 

- by direct manual ("physical") addressing by the operator of the 
videodisc 

- by indirect addressing by the operator through an appropriate 
videodisc data base management program stored by the video- 
disc controller 

- by downloading an access-control program from predefined 
tracks of the videodisc into the videodisc controll.er 

- by downloading an access control program from external data 
sources (e.g., interactive videotex channels) through hardware 
interfaces. 

a) Manual d i ~ e c t  access:  An operator knowing the physical address of 
the required frame initiates access to the videodisc by typing in on 
operator panel/keyboard all the information necessary for access. 
He may access individual frames, which might be information frames 
or videodisc control programs to be downloaded, or he may initiate 
the output of frame sequences to be played back, etc. 

b) Indirec t  address ing  through a v ideodisc  d a t a  base  m a n a g e m e n t  pro- 
g r a m :  The user of the videodisc player may interact with the system 
through an internal database management system tailored to the 
functions of the vi-deodisc controller and drive. Such a system could 
be used to retrieve information recorded on videodisc records from a 
databank, such as an encyclopedia. The language used would, in a 
simplified fashon, be similar to the database languages now used in 
computer information retrieval systems. 



c) Downloading of access  control p r o g r a m  f r o m  videodisc:  Each frame 
of the videodisc can contain a different type of information. It can 
contain output data (textual, video, audio), or data required for 
specific videodisc control functions, such as index information 
(thesaurus) for the videodisc database management program or exe- 
cutable programs for the videodisc controller itself. These would be 
fed into the core memory of the controller for immediate execution. 

d) Downloading of access  control p r o g r a m  f r o m  ez t e rna l  d a t a  sources:  
This category is identical in nature to the category mentioned in 
paragraph c. The only difference is that the access-control program 
is fed into the videodisc controller from outside data sources 
through an external interface. In this fashion access control infor- 
mation may come from local or remote external computers or from 
videotex and other computer network nodes, etc. 

The modes of access listed above are summarized in Figure 14. It 
should be noted that the access control functions can be linked in many 
ways, making the access system extremely flexible. For example by 
direct manual access, an access program can be downloaded to perform 
a complicated chain of access functions to other videodisc frames. 

4.2.2 h t a -  Lhlf3Dllf QurnneLs a n d  Thei~ m n c t i a s  
Any of the following types of data can be stored on videodisc: 

a) frames with video information 

b) frames with audio information (sound) 

c) coded textual information (e.g., videotex frames) 

d) coded data information for data processing programs 

e) data processing source and object code (excluding the videodisc 
control program codes mentioned in the previous chapter). 

Since all information is stored in the same physical (preferably digi- 
tal) form, a separate identifier must be placed at the beginning of each 
videodisc frame stating the type of information it contains. 

The output channels for information can also differ; their selection 
depends mainly on the type of information to be channeled from the 
videodisc and on the category of application. 

The data-output channels for videodisc are the following: 

a) channel to an attached television set for displaying video frames 

b) channel to a hi-fi amplifier for reproduction of audio information 

c) channel to a textual data (e.g., videotex) decoder for decoding 
stored textual (vide otex-like) frame information 

d) channel to an external interface for local (e.g., printer, local 
computer) and remote (e.g., to the videotex network, remote 
terminals) connections for transmission of coded textual infor- 
mation, data for com.puter programs, and computer program 
source and object codes. 
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e) channel to the built-in core memory of the videodisc player 
(e.g., information of a videodisc record thesaurus) for internal 
usage. 

These data-output channels are summarized in Figure 15. 

5. VIDEODISC APPLICATIONS 
In this chapter an attempt is made to describe some possible video- 

disc applications as they are presently seen. It should be pointed out 
that the list is by no means complete. It is difficult at  present to predict 
all of the suitable types of videodisc usage, just as it would have been 
hardly possible in Gutenberg's time some five hundred years ago to clas- 
sify all of the applications for printed information. 

The major classes of videodisc application are:  

- Videodisc as an entertainment medium (5.1) 
- Videodisc as an information and reference medium (5.2) 
- Videodisc as a tool for education (5.3) 
- Videodisc for mass storage and for data and program archives 

(5.4) 
- Videodisc in office automation and document filing (5.5). 

5.1 Videodisc as an Entertainment Medium 

5.1.1 T h e  "Qassical" me of Mertainrnent 
The primary purpose tor developing videodiscs was to create a 

machine for reproducing motion pictures, on the analogy: "videodisc 
should be in the video field what the well-known gramophone is in the 
audio field." From the industry's point of view, these disc techniques 
have a great advantage over the taperecording technologies (both video 
and audio) in that the copyright law cannot be got round. Videodisc and 
.gramophone are "read only" devices: a reproduction of the stored pro- 
gram onto other records can only be carried out through a complicated 
manufacturing process. Thus those interested in protecting copyrights 
hope that a wide distribution of videodisc players will promote the sale of 
stored video programs, such as films, in a fully controlled way. 

A t  present, however, videodiscs have certain disadvantages in com- 
parison with videotapes, which may hinder the acceptance of the video- 
disc technology by the public, should it be used solely for entertainment 
purposes. 

First of all there are technical problems. Because videodisc technol- 
ogy is still in its early infancy, there are still technical difficulties due to 
the limited lifetime of the disc's read laser head (about 1000 hours), 
which, moreover, c a n  presently be produced only a t  relatively high costs. 
Also, the microscopically sized pits, which are the actual carriers of digi- 
tal information, place fearsome demands on the servo system, which 
must keep the laser beam in focus and in alignment with spiral turns, 
despite inevitable eccentricity and warpage of the disc [I]. As Barry Fox 
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[B] points out, with so little margin for error, making the discs becomes a 
nightmare. In one system now on the market the laser beam must accu- 
rately follow a spiral of pits 1/30th the width of a human hair apart that 
are traveling at over 60 kilometers an hour! 

The next hindering factor is cost. Video tape recorders cost less 
than k400 (US $750) and four hours of continuous program can be taped 
on a single casette at  or for less than f ;3 (US $5.7) per hour. In the enter- 
tainment category, videodisc recorders now cost about k500 (US $800- 
900) and the discs cost around k15 (US $25-30) for a full length film. 
Thus, at present, the videotape technology seems not only to be techni- 
cally more advanced than videodisc, but it is also cheaper. 

The next problem is the availability of programs. For this purpose 
new recording lines would have to be installed at &h costs, whereas 
recording of videotapes, be it over TV or through a separate camera, is 
flexible, cheap, and simple. In addition, centralized production of video- 
tape programs has already been developed. 

Thus this classical application for the videodisc technology does not 
seem to justify its viability. 

5.1.2 Neur mas of htertainment 

The variety of new types of videodisc entertainment is endless. Vide- 
ogames stored on videodisc frames will add new flavor to the current 
"videogame bonanza." For example, a programmed labyrinth game 
stored on videodisc record frames may become a competitor to the 
labyrinth game installed on interactive videotex services [14]. In this 
game each displayed picture frame could offer alternative paths leading 
to other tracks which would be selected manually by the player. On some 
of the tracks a short frame-access program might be stored. Upon selec- 
tion of such frame, a program would be downloaded into the videodisc 
controller and a movie scene would be suddenly triggered off (e.g., the 
"Wumpus" or a monster who "lives" in the labyrinth would appear to 
frighten the player and the garne would be lost). 

Another kind of videodisc entertainment might utilize the program- 
ming capability of the videodisc controller. For example, specially 
prepared videodisc frames might be programmed to combine a given 
color, graphics, and one of the constant tones of the musical scale to pro- 
duce appealing melodies. 

A similar application in the field of music would be the establishment 
of a database on videodisc containing musical notations of music written 
by famous composers. The Common Musical Notation (CMN), or staff 
notation, as it is also called, is one of the few graphical notations that is 
truly accepted internationally. It is well-known that in recent years, the 
cost of printing music has risen dramatically; one is now l~kely to pay well 
over $1 per sheet for printed sheet music. According to Cheek and Simp- 
son [15], the storage of music on interactive videotex systems and its 
display on home TV screens might become an interesting application in 
the near future. 



The storage of music notation on videodiscsin its more advanced 
applications it might be accompanied by a sound recording of the music 
on b-fi channels--might itself become an exciting entertainment and edu- 
cational application. 

In its simplest form, individual music notation frames would be 
organized by a music notation data bank and stored on separate video- 
disc tracks. Using the retrieval program of the videodisc controller, com- 
positions may then be retrieved and displayed on the screen, or hard 
copies may be taken, if an appropriate interface and output device is con- 
nected to the videodisc player through its external interface. Another 
form of musical notation application would be to play the music stored on 
hi-fi equipment wble showing the corresponding musical notation frames 
simultaneously on the screen. In this fashion, up to one hour of music 
and notation can be stored on each record. A n  excellent educational tool 
and means of performing home exercises would be to store the recorded 
music on the two separate audio channels (which as we know, is indeed 
possible) and to have the user switch off that channel playing the music 
from the instrument he wants to play himself. In t h s  case, the other 
audio channel would accompany the player while the corresponding 
frames with the musical notation would be displayed on his home TV. By 
recording his own "performance" with a tape recorder, the player could 
directly compare his "playing art" with of the style of the artist whose 
perPormance is stored on the first sound channel. A similar application 
might be particularly useful for singers. 

Interesting opportunities are offered for analog videodisc with "color 
TV-like" short motion picture programs and "hdden" alphanumerical 
lines in teletext mode. In such manner, for example, "quiz" programs can 
be stored on the videodisc and the solution to the questions would be 
given on the appropriate teletext lines belonging to the motion picture 
session containing the given question. In such a way, an analog videodisc 
equipped with standard teletext decoder would be able to show the replay 
on the TV screen on pressing the teletext button on the remote controller 
keypad. This type of application could also be most interesting in educa- 
tional applications. 

The potential for gaming with videodisc is endless; if the reader 
regards the above forms of entertainment as rather boring and simple 
minded, he should accept the author's apologies, but the aim of this pas- 
sage is simply to point out the vast gaming potential of this rather univer- 
sal machine. 

5.2 Yideodisc Applications in the Field of Information Storage and 
Retr ied 

5.2.1 Yideodisc as an Infurmation Medium 
The use of vid-eodisc: for inlormation storage is probably the most 

important type of application in view of the impressively large amounts of 
information that can be stored and randomly accessed, and this at  
extremely low cost. 



The total storage capacity of videodisc records varies considerably: 
As referred to in the previous chapter, on one Discovision videodisc 
record nearly 30 billion, on a Philips DOR disc, 10 billion, bits of informa- 
tion are stored. According to Predicast Inc. [28], a high-density/laser- 
encoded disc storage system patented by RCA stores 100 billlon bits of 
information on a 12 inch (30 cm) disc. 

Before going into details special attention should be given here again 
to Table 4, where the storage capacities of different types of present and 
future videodisc systems are listed according to different "media" 
categories such as audio, video, freeze-frame, coded alphanumerical, 
"atomic" information unit, etc. The information for most of the applica- 
tions that will follow could be put on different types of videodiscs4irst of 
all, in the form of different types of "media." Thls is primarily up to the 
author and the electronic publisher. For example, in the design of a 
videodisc encyclopedia one can go several ways. One alternative is to fol- 
low the pattern of the classical printed encyclopedia. In this case mainly 
alphanumerical and standing picture types of information should be 
stored-hence a digital videodisc seems to be optimal. The second alter- 
native could be to provide as many motion picture scenes complemented 
by audio information as possible; in this case, an analog videodisc such as 
of Discovision Association should be applied. A third way might be the so- 
called "talking" encyclopedia as suggested by Barrett [23]; in this case, 
the majority of the information should be audio, complemented by 
freeze-frame and motion pictures. Here the "future analog or digital 
videodisc system" should be used. 

The exact videodisc storage needs and technical requirements thus 
very much depend on the outlay of the encyclopedia and will be deter- 
mined when the detailed design of such system is performed. Therefore, 
in what follows all the figures given in this paper with regard to applica- 
tions should be looked a t  from that angle. In actual design, figures can 
differ considerably; here, with a few examples, only some rough major 
characteristics should be outlined to provide the right feeling to the 
readers about the orders of magnitudes involved in different applications. 

In our first example we have taken some typical figures for different 
types of storage "media" which can be stored on one of the present or 
future videodisc players. Since the types of stored information can be 
mixed on any videodisc record, the total amount of actual information 
varies according to the type and amount of stored information entities. 
Examples of storage capacities for typical-not mixedapplications are 
shown in Table 7. 

Looking a t  Table 7, we find that an enormous amount of information 
can be stored on a single videodisc record. If the capacity to store a 60- 
minute movie (first entry) does not seem particularly outstanding, one 
should imagine that all of the major paintings of the world, the contents 
of a large personal library, or all of the references in 0n.e of the biggest 
bibliographical databases such a.s NTIS, INSPEC, or PREDICAST can easily 
be stored on a single videodisc record. 



Table 7. Examples of data stored on videodisc records 

Disc containing all scores 
of the national football 

1 championship of last year 

Type of information 
storage 

Moving picture pro- 
gram (video and audio 
storage) 

Examples for total 
amount of information 
entities 

Scenes in total of a 60- 
minute program at  nor- 
mal speed 

-Facsimile 111 quality 25,000 pictures 

Standing pictures 
-TV quality 

All pages of a larger ency- 
clopedia of twenty odd 
volumes on two records 

108,000 picture 

All famous etchings of the 
world 

Coded information on 
videotex-type frames 
(960 characters per 
frame using the 
CCI'I"T/ISO standard ?- 
bit code) 

Over 3 million frames 
information 

Coded data (detailed 
discussion in 5.4) 

Computer programs 
-source code 
-object code 
(detailed discussion in 
5.4) 

Over 3 billion bytes 

Over 3 billion bytes 

300,000 encyclopedia 
pages of information (The 
Encyclopedia Brittanica 
has "only" about 24,000) 

15 bilingual dictionaries 
with each approximately 
270,000 entries (words, 
expressions) 

Over 3 million references 
inclusive abstracts of 
database information (the 
largest database "Chemi- 
cal Abstracts" has over 4 
million references) 

E.g.; over 750 million 
figures (Fortran Real 4 
bytes) for archive of sta- 
tistical data 

E . ~ . ,  100 million lines of 
source code (a larger pro- 
gram system has 10,000 
lines of source program) 

E.g., storage of 100,000 
object program of 30 
Kbyte size 



The b g h  storage density is also amazing, not only in comparison with 
other disc storage technologies but also in comparison with the tradi- 
tional printing technology: the 300,000 "encyclopedia-pages" contained 
on a videodisc record would occupy a library shelf 18m long. The amount 
of physical storage needed for a video disc record is about 4,000(!) times 
less than the amount needed for an  equivalent amount printed matters. 
If all of the material in the IIASA Lib ra ryan  average research institute 
library-could be put on videodisc records, the resulting discs would 
easily fit into a small cabinet with a few drawers. 

The number of computer programs that  could be stored on a single 
videodisc record is also immense. Assuming that  an average programmer 
writes between 3 and 25 fully-tested source statements per day (average 
about 14 statements/day or 3,500 statements/year),  then the 100 million 
lines or source code that  could be stored on a single videodisc record 
would be equal to  the work of about 20,500 programmer man-years; this 
amount of development work would take some 2,600 full-time program- 
mers in Hungary more than 10 years to code! 

The following chapter gives a short overview of types of information 
applications for videodisc technology. 

5.2.2 Use of Yidsodisc for Oed and Nezo Types of "Reference Books" 
A s  already pointed out in previous chapters, the use of videodisc as  
"reference books" is one of the optimal types of usage for this medium. 
Similar to the extremely numerous categories of possible classical refer- 
ence books, their "videodisc equivalents" represent a large family a s  well. 
No attempt can be made in this paper t o  map out all the possible refer- 
ence types for which videodisc would be ideal; only a few are  mentioned 
and discussed here. 

5.2.2.1 Videodisc rrs "atcyclopedia" 
The Encyclopedia Brittanica has 23 volumes (approximately 1,000 

pages each) of text containing approximately 20,000 figures and a 
separate volume containing indexes and. a geographical atlas. A single 
page of full text  might contain a maximum of 9,600 text characters. 

If we use a digital videodisc with storage characteristics according t o  
the new DOR &sc (2 GBytes/&sc), assuming that  there are 23 volumes of 
full text and 20,000 black and whte  pictures of standard resolution, with 
data compression a videodisc capacity of 7.2 x lo8 Bytes would be needed, 
w h c h  represents approximately 36% of a single DOR capacity. If an  ana- 
log video&sc such as  DVA's 7820 model 3 was used, the 23 volumes of full 
text in TV mode and the 20,000 pictures of color TV quality (according 1 
track per picture) could be put  on 2-3 videodisc records. 

Greenagel [25] describes the first trial along this line, a Channel 2000 
videotex experiment currently taking place in Columbus, Ohio in the  USA, 
in which a new general encyclopedia for secondary school and university 
students, the "Academic Ame rican Encyclopedia," is being recorded on 
videodisc records. Just the  text of the encyclopedia would fit on two sides 



of a videodisc, but it will occupy three or four discs because of the sound 
and motion sequences illustrating the material. 

With such a videodisc (the DVA 7820 model 3-N.B., an analog 
videodisc model--was used because of the more sophisticated 
programming facilities) one is able to call up the article on 
"hydrofoil," read the text, see a full-color cut-away illustration, 
switch to a 29-second film clip of the hydrofoil rising up and 
skimming across the water, check the bibliography for further 
references and finally, cut quickly to the article on "air condi- 
tioned vehicles" to compare the advantages and physics of these 
two new water-crossing technologies. 

It is planned to make the entire encyclopedia available via two-way 
interactive cable TV in six American cities. It is estimated that  the cost 
of this videodisc encyclopedia to the customers would be less than half of 
the cost of the printed version. 

Barrett's "talking Encyclopedia Brittanlca" [23] is estimated to  have 
a volume of 10 videodiscs which would additionally have a capacity of 
270,000 color television frames and it would take 750 hours to listen. 

As explained previously, there are two "extreme directions" in which 
a product can evolve: either its cost will be reduced while performance is 
kept constant, or the cost kept constant at increased performance (see 
Figure 9). Of course, a mixed strategy between the two extremes is also 
possible. Falling prices for the same performance would mean that the 
present price of the Encyclopedia Brittanica could drop by a factor of 
around 50-100, provided that  the drop in price would result in the mass 
purchase of encyclopedias, which would allow coverage of the extremely 
high intellectual costs of collecting and updating its contents. 

The other "extreme direction" would be to keep the cost the, same 
(e.g., AS 25,000 in Austria for a complete encyclopedia) and increase its 
performance. As suggested earlier, t b s  could be done by including 
"motion picture" encyclopedia entries whenever the information to be 
provided to  the user is less of a descriptive and more of a visual or audio 
nature. If this new type of encyclopedia were made up of about twenty 
records4imilar to  the number of volurnes in printed encyclopediasit 
might contain about 2500 half-minute or one-minute moving picture or 
audio screens. Such a "mixed media" encyclopedia could still be sold a t  
about half the price of the present printed version. An encyclopedia with 
voice and motion in  addition to  text would be a qualitatively improved new 
medium, in the author's view. 

To keep the price level constant, especially during the introductory 
period, it can be expected that  dedicated videodisc players will be offered 
with the records. Later, however, when the videodisc technology 
(hardware, software, stored data) is standardized, the encyclopedia 
records could be played on any videodisc player. The first videodisc 
based encyclopedias will appear in libraries and on computer networks- 
t h s  includes videotex networks as third party data centers-but eventu- 
ally they will find their ways into most households. 



5.2.2.2 Videodisc as an "automuted dictionary" 

An automated dictionary is a computer based device in  our case 
realized on a videodisc record player--that holds all the information of a 
dictionary and allows dictionary entries to be accessed and displayed. 
The dictionary might contain entries of a single language, such as a stan- 
dard dictionary in English, German, or Hungarian, or it could be bilingual 
(e.g., English-German, German-English). In special cases, for example for 
a "dictionary of computer techniques," it might be multi-lingual. There 
are many advantages to the use of an automated dictionary instead of a 
dictionary in book form: 

- the user-interface will provide a simpler means of accessing dic- 
tionary entries; 

- the device will provide a set of search capabilities enhancing the 
usability of the dictionary; 

- it will allow sophisticated new applications, such as spelling 
correction, synonym and antonym search, voiced word pronun- 
ciation, games such as picture naming, and in more advanced 
systems perhaps grammar correction and sentence building 
capabilities. 

A detailed description of a similar system is provided by Fox, Bebel 
and Parker [ 8 ] .  While one can fully agree with their definition of the func- 
tions of the automated directory, their assessments concerning physical 
realization of such systems do not take into account the potential storage 
and retrieval capacities offered by videodisc technology, which is perhaps 
the only cheap mass storage technology presently known that could pro- 
vide a sound basis for this type of application. The limit of the system 
they describe would be around 30,000 entries stored on approximately 
120,000 frames. However, using videodisc storage technology, up to a few 
million frames can be stored per videodisc record: enough space for the 
largest of the presently known printed dictionaries. So even the com- 
plete Oxford English Dictionary, with its 12 volumes and three supplement 
any volumes (price approximately k300 a US $570) and approximately 
300 million characters, would fit easily onto a single videodisc record. A 
typical dictionary entry is shown in Table 8; a list of the most important 
automated dictionary functions are presented in Table 9. Figure 16 shows 
the same dictionary entry given in Table 8 implemented on the 
experimental-not based on videodiscZog System of the Carnegie-Mellon 
University team [ 81. 

Figure 9 shows the two "extreme directions" in which the automated 
dictionary can evolve. Following a "learning curve," the simplest versions 
of automatic directories stored on videodisc records will become cheaper 
and cheaper; i t  can be expected that they will be sold a t  average video- 
disc record prices of approximately U S  825-50 per record, which is con- 
siderably cheaper than an equivalent printed version (for example, by a 
factor between 10 and 25 in case of the full Oxford English Dictionary). If 
one follows the "performance curve" however, more sophisticated 
automated dictionaries will be available offering in addition to the 



Table 8. A classical language dictionary entry and how it is used in an au- 
tomated dictionary entry according to [8] 

The dictionary entry. The primary purpose of the  automated dictionary is 
to store and allow access to a dictionary data base. Consider the definition of the 
word "flag" taken from Nebster's New Twentieth Century Dictionary of the En- 
gl ish Language: 

flagl:(flag) n. [LME. fLagga<?~lag4, in Obs. sense "to flutter"] 1. A piece of cloth or 
bunting, often attached to  a staff, w i t h  distinctive colors, patterns, or symbolic dev- 
ices, used as a national or state symbol, to  signal, etc.; standard; ensign. 2. Lpl.] [Now 
Rare] Long feathers or quills as on a hawk. 3. The tail of a deer. 4. The bushy tail of 
certain dogs, as setters and some hounds. 5. Music any of the lines extending from a 
stem, indicating whether the note is an eighth, sixteenth, etc. --vt. flagbed. flag'ging 
1. t o  decorate or mark w i t h  flags. 2. to  signal with or as with a flag; esp, to signal to 
stop (often w i t h  down). 3. to send (a messege) by mgnaling -dip the flsg t o  salute by 
lowering a flag briefly -strike the (or one's) flag 1, to lower the flag. 2. t o  give up; 
surrender 

3flag2: (flag) n. [ME. fLagge< ON. jlaga, slab of stone<lE. base plak- , to spread out, 
flat, whence L. ptasidus, flat] s a w  as FLAGSTONE -4. flwed, flag'& to  pave with 
flag-ne a 

W e  list two separate entries for the word "flag," although the  dictionary actually 
contains four separate entries. The rationale for separate entries is that  each 
entry  represents a conceptually d+Jferent definition of the  word. Notice that  
each entry contains multiple definitions which are  not necessarily related. 

Each definition also contains a variety of information, including correct 
spelling, syntactic category, pronunciation (written), etymology, synonyms, and 
syntactic variations. Information such as antonyms, examples of usage, hypo- 
nyms, and pictures can also be found. 

standard dictionary functions, "value added applications," such as voiced 
word pronunciation (another revolutionary step forward!), spelling 
corrections, games, etc. 

It is expected that.,automated dictionaries will be offered on the 
market relatively soon. The first version will probably be accompanied by 
dedicated videodisc record player devices. The first devices will be 
placed either in libraries and educational institutions and on computer 
networks including videotex networmks. Thus, in the first phase, the ,prin- 
ciple of resource sharing would apply. Later, when videodisc prices have 
come down, the standardization problem has been settled, and videodiscs 
have found their ways into homes, videodisc records containing 
automated dictionaries will be found in the storage cabinet of every 
videodisc device owner. 



Table 9. The most important functions of automated dictionaries 
(Source: Fox e t  al. [a]) 

Word retrieval: 

Spelling test: 

Word recognition: 

Anagrams: 

Word search: 

Picture naming: 

Synonym search: 

Voiced word 
pronunciation: 

Grammar correction, 
sentence building: 

The user types in a word, and the corresponding diction- 
ary information is displayed. 

The model presents to the user, by voice output, a word 
a t  a level of difficulty chosen by the user. The word is 
then typed in by the user. If spelled correctly, a positive 
response is given to the user. Functions that gather 
statistics on user performance could also be provided. 

A word is randomly chosen and permuted according to 
standard spelling errors. The user must confirm or deny 
its legality as a word. 

A list of letters is provided to the user, who then tries to 
compose as  many legal words as possible from them. 

A definition is displayed, and the user must provide the 
corresponding word. 

A picture is displayed, and the user must name it or 
parts of it. 

By following synonym paths, the user must determine 
whether two words a re  related. 

A displayed word will be accompanied by voiced word 
pronunciation. 

This capability would be dependent upon more sophisti- 
cated processor and software becoming available. 

5.2.2.3 W e o d i s c  us on- lihe inf onnation bank 
Videodisc technology is likely to have a major impact on on-line 

information retrieval. At present, on-line information services such as 
Lockheed, SDC, or ESA/IRS offer huge amounts of informat~on over 
private and public computer networks to some ten thousand of users. 
There are three major characteristics of the present technology: 1) fre- 
quent centralized update (daily, weekly, monthly, quarterly) of the data 
bases; 2) the principle of on-line ordering and off-line delivery of primary 
documents; and 3) the aspect of cost and resource sharing by a large 
user population. The videodisc technology will have major impacts on the 
presently-known, on-line databank technology (based on large central 
mainframes and special database management programs -suitable for 
fast retrieval from large stores of information on large magnetic disc dev- 
ices). First, the amount of stored information can be multiplied. For 
example, the 17 million on-line references of a present large database 



flag 1 In  ) Dlct 1 
PRONUNCIATION flag 
ETYMOLOGY LME Flagge < 7 Flag 4 In ons sense "to 
tluner ' I 
DEFINITIONS 

A plece of cloth or Ountlng oken anached to a stan 
wlth dlstlnctlve colors panerns or symbollc aevlces 
used as a national or state symbol to slgnal etc 
[Now Rare] long feathers or ~~111s as on a hawk 

More Dsflnltlons 
< Prev~ous Word t lndex > Nen  Word 

w a u s  mn nurt a d  f a u n  lop a w a y  IYK mmnl gao tens into 

' bannor(n hCl9 
PRONUNCIATION ban er 
ETYMOLOGY ME oanere < OFr Banlore < 'bandlcre place 
where the flag Is placed to announce (see BANISH) n to Goth 
bandwa) altered affer banlr 
DEFINITIONS 
1 a place of cloth bearlng a deslgn mono slogan n c  . 

sometimes anached to a stan and used as a banle 
standard 

2 a flag 
3 a headline extending across a newspaper page 
4 a long strlp of cloth w ~ t h  an advenlsemant, greatlng. 

etc lenered on 11 
5 (ad1 ) foremost leadlng excelling 

< Prevlous Word t lndex > Next Word 
hmo y k  mn mark m a  ,mum mp ons~uy l u x  -I p a o  lnnd ~ n h  

I flag 1 ( n  ) D1ct3 
DEFINITION A piece of cloth or buntlng. often anacned to a 
staff. W I I ~  d~stlncl~ve colors patterns. or svmLml~c devlces. \ 

I usw as a natlonal or state symbol. to slgna~.'ac. I 
SYNONYMS ANTONYMS HYPONYMS 
1 Banner 
2 Ens~gn 
3 Standard 
USAGE EXAMPLES 

\ ?.Word Dsf~nit~ons. <.Prev~ous Word t .Index >.Next Word 
mo DICK M mark n r a  ,.turn z q  onrouy t u x  wnmm gao lono onlo I 

PRONUNCIATION: Oan'er 11. e r a '  
ETYMOLOGY. ME 6 OFr. naneret < Oanlere. BANNER 

I DEFINITIONS. 1 

Fqure  16(Part I). Example of automated dictionary entry. 

service center can easily be stored on twelve parallel working videodisc 
devices controlled by one central processor ("head computer"). 

The installation cost of the videodisc-based data center configuration 
is considerably lowerabout  one sixth the cost of an equivalent traditional 
database center [Q] (see Table 10). Comparing total operating costs, the 
videodisc-b ased, large on-line information bank center is cheaper than an  
equivalent center based on the magnetic disc storage technology by a 
factor of approximately three. A possible configuration of a videodisc 
technology based center of the  size of an ESA/IRS (about 30 on-line data- 
bases, 18 million references) is shown in Figure 17. The fifty videodisc 
units are grouped according to the usage of the individual databases. 
More frequently used databases, such as INSPEC, BIOSIS, or CHEMICAL 
ABSTRACTS would be operated separately on two to three parallel disc 
installations separately, allowing parallel searches by different users. The 
configuration shown in Figure 17 could serve a t  least 50 users simultane- 
ously. Let us assume that  we use a videodisc model which can store 1.5 
GByte of information. About 50 percent of the total on-line disc capacity 
of 75 billion bytes (an approximately 75 million references) would be used 
to store all on-line references a t  least twice for simultaneous access dur- 
ing multiple usage, and another 50% would be used to store the latest on- 



A banner 
0 bannere: 
C bannerol 
D bannister 
E bannock 
F Bannockburn 
G banns 
H banquet 

I banquene 
J Banquo 
K banshee 
L banlarn 
M bantarnwe~ght 
N banter 
0 Bantlng 
P bantllng 

0. Bantu 
R Bantustan 
S banyan 
T banzal 
U baobab 
v bap 
W baplls~a 
X baptlsrn I 

AVAILABLE FUNCTIONS 

1 Anagram game. 

2 Spelling lest 

3. Word rscognltlon. 

4. Word Sedrch. 

< Prev~ous B Index r Index > Nexl BWord r Ma~n lndsx 

Iw m r a a  rnvn IW WOul bu - pno h l a  a* 

t.1 (0 

i 
Anagram game Drt21 

THE ANAGRAM GAME 
An anagram 1s a sequence of loners rhal can be composed to 
lorm one or more words. For exarnpla tha lmars In "lalf" can 
be rearranged lo form Iha words "llle" and "liia." Youcannot 
r m v a  or add IaRarS lo IhOSa glvan lo you. 

I Durlng the playlng of tha pama you can accssstha dict~onary as 
usual. To gat back to this Iranla, us@ tha raum pad. I 

I B. w i n  Gama. 
G. Guass Word. 
F Finlsh Gama. 

Each d)st)ony amry b n p r a u n k d  by a 
primary frama (a) th.1 praid.. pronunebtlon and 
etymology as taxt and datinnions as optlons. S.hc(lng a 
&llnltlon option u u r n  t n m h r  to a sacondar).tnme(b) 
conblning synonyms, mtonyms, hyponyrns. 8nd u u g a  
a u m p k s  that go wlth th.1 & l ln l tbn  Thh l n m e  la 
r u c h d  by se iut ing the option text on tho m e n  or by 
hntlng tho "1" on tha k a w r d .  Tho fnma tor tho 
synonym 'bnmr"  (c) Is nachad by sekctlng nom 7" I n  
frame (b). Two optlons-NEXT WORD and PREVIOUS 
WORD-allow sequentlaf m a m e n t  through words In 
tho dlctionar).. For a x m p k ,  the fnme for 'banrwnt" (d) 
Is n u l u d  by se lut lng tha NDCT WORD option whik  In 
tho 'bormef' frame (c). Tho INDEX op fbn  t n m k n  to  a 
fnme rrhero the cumnt  word Is I W x d  (e). The h s t  Ilm 
on t l u  page contains giobai commands-spoelal optlons 
for mmlpuiating the rwlwork of t rams.  To p h y  games, 
the FUNC opllon Is n l u t d ,  m d  the FUNC f rmm (I) 
displays the avalhbk tunetion. in m m u  f o n n  S o k t l n g  
the "anagram game" o p t h  t m  mla l n m e  t.lh up M. 
anagram (reme (9). 

Figure 16(Part 11). Example of automated dictionary entry. 

line primary documents. In this way, about five million one-page, on-line 
documents size A4 can be stored, the equivalent of a library shelf 300 m 
in length or 500,000 papers with an average of 10 pages each. This 
amount of on-line primary information is approximately equal to the total 
of referenced primary documents over the last 12 months. 

On-line document delivery of primary information might become an 
attractive service for centralized information data bank centers; how- 
ever, to t h s  end, the data transmission capabilities of the telecommuni- 
cation networks has to be improved considerably and the cost of telecom- 
munication has to come down. Perhaps the introduction of advanced 
computer networks and new hardware technologies (such as fiber optics 
networks and telecommunication satellites) will remedy the present 
situation. 

The cost of telecommunication is still very h g h :  as a rule of thumb 
for on-line retrieval, one can say that one-third of user costs is spent on 
telecommunications, one third, on databank center usage charges, &d 
one third goes through the data spinner (operators of databank centers) 
in the form of database royalties to the database suppliers. Only the 
operating costs of the center could be reduced through the introduction 



Table 10. Comparison of service costs of "classical" and videodisc-based 
data centers 

Hardware 
Software 
Office expenses 
Operating staff salaries 
Tot a1 

Yearly cost of on-line service centers 

calculated on 50(!) parallel working videodisc (2-3 years lifetime) with a total 
nn-line capacity of 75 billion(!) bytes attached to a "head" minicomputer 

Based on a "classi- 
cal" data base 
configuration 
( U s @  

of videodisc technology to on-line information bank centers. Royalties 
and telecommunication charges would reman the same. This will prob- 
ably lead to the establishment of local databank centers based on video- 
disc technology on the premises oC major users, e.g., libraries, whch 
might negatively influence the revenue growth of the centralized data- 
bank centers. In the long run it can be expected that the database sup- 
pliers will start to supply their subscribers with the most up-dated video- 
disc versions of their databases on a regular basis. Thus there will be 
separate videodisc records for a BIOSIS, an NTIS or a CHEMABS database. 
In most cases, each of the present databases could be put on to a single 
videodisc record. Only the largest databases such as CHEMABS or PASCAL 
would need more space. Eventually-once standardization is achieved411 
these records could be put on any more sophisticated videodisc player. 

In the field of information retrieval, the impact of videodisc on 
videotex systems will be twofold. First, it will be beneficial from the 
viewpoint of ~nformation suppliers and videotex data center operators 
since it will allow the storage of large amount of information fram.es at  
considerably lower costs. A configuration similar to the one shown in Fig- 
ure 17 can be imagined for videotex data centers as well. However, if the 
videodisc technology finds its way into every household, there will be lim- 
ited need for special types of centralized information to be stored at  
videotex data centers; for example, a database for a railway timetable or 
even an electronic directory could be stored on home videodiscs. Only 
information requiring frequent up-date ( e.g., daily) and the "umbrella" 
type of information, when many information providers put their informa- 
tion under a common "umbrella" (as commonly used in the interactive 
videotex type system.s such as PRESTEL,) are unsuitable for videodisc 
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Figure 17. Example of an on-line data service center based on videodisc 
storage devices (* such as the Philips DOR system). 



application. These categories are better suited for videotex type of ser- 
vices. 

Last but not least it should be mentioned in this chapter that a spe- 
cial (new) database for patent drawings that is based on videodisc has 
been demonstrated by Pergamon International Information Corporation. 
The new service called Videopatsearch [13], offers microcomputer- 
microcomputer access to the P e r g k o n  Patsearch file (U.S. patents from 
1971 to date) as mounted on Bibliographic Retrieval Services (BRS) in the 
US with the facility for two-second re t r i eva l  of patent d r a w i n g s  using a 
Discovision videodisc player. The 700,000 draw~ngs are stored on 14 discs 
(each disc side providing 26,000 frames for drawings). The microcom- 
puter terminal/videoplayer link permits automatic retrieval of selected 
drawings; discs will be updated quarterly by Pergamon. There are plans 
to use two parallel screens to allow text and drawing to be viewed simul- 
taneously. The price of the system will be US $6,000 per year (including 
terminal end, videodisc player, and videodisc subscription). 

The novelty in the Videopatsearch system lies in its capacity to 
retrieve pictures. Similar applications in the past were mainly based on 
micro-fiche; videodisc will probably bring another real breakthrough in 
this field. 

5.2.2.4 Kdeodkc as an "eLecbmic directory" 
The first Electronic Directory System is presently being developed 

for 250,000 telephone subscribers in the Ille and Vilaine region of Western 
France. It will be implemented on a videotex-type computer network 
using simple CRT terminals [lo]. I t  is hoped that by replacing the paper 
telephone directories issued yearly, that not only will more up-to-date 
information be provided, but significant savings in resources (paper, dis- 
tribution, etc) can be achieved. 

The videodisc technology might have a two-fold impact on the "elec- 
tronic directory." First, if one keeps to videotex-system based on the 
central "electronic directory" philosophy, then the storage and retrieval 
function of the central "electronic directory" center-which is basically an 
on-line information bank c e n t e r 4 a n  be fulfilled by means of videodisc 
players working in parallel (similar to Flgure 17) enabling simultaneous 
usage of the system by many users. In this example, let us assume that 
we use a videodisc model with a storage capacity of 1.5 million frames of 
mformation. If data on all telephone subscriber were stored on one frame 
each, then an on-line videodisc record could contain information on about 
1.5 million subscribers, a large telephone user population. If the video- 
disc units were stand-alone devices and each subscriber had its own 
videodisc player at  home, then twice this amount of information storage 
would be at his disposal, since the other side of the record could be used 
as well. Table 11 gives a rough overview of the number of videodisc 
records needed in selected countries according to 1980 AT&T statistics 
[21] on their telephone populations. 



Table 11. Number of videodisc records needed to store "electronic direc- 
tories" for selected countries (source [ I  3.1). 

Country 

Telephone Number of videodisc records 

Austria 
Bulgaria* 
Czechoslovakia 
Finland 
FRG 
GDR 
Hungary 
Italy 
Netherlands 
Sweden 
UK 
USA 
USSR 
Japan 
Canada 

popdation 
(January 1980) 
(million) 

data in 1977. 

containing "electronic directory" 

through videotex stand alone 

The number of videodisc players installed on videotex-type networks 
to  be in the  on-line version of "electronic directory" would depend on the 
telephone subscriber population of the country. With the appearance of 
the home videodisc version of the "electronic directory," every owner of a 
videodisc player who is also telephone subscriber would get  yearly "elec- 
tronic directory" records from the  PTTs. Since videodisc players are 
multi-purpose devices, this would not require any major hardware instal- 
lation a t  the user's site or on the telephone network-again provided that 
videodisc standardization is achieved. In countries with under-developed 
telephone infrastructures, the  concept of an  on-line telephone directory 
might be arguable since its usage would add unnecessarily to  an  already 
overloaded telephone network. This would also have a negative impact on 
the quality of the  on-line "electronic directory" service itself. 

However, whether the concept of an electronic dictionary were to 
come about through videotex network or by videodisc, there would 
remain open one basic question: would the user accept the concept or 
would he prefer t o  continue to use paper telephone directories and ask 
the central iniormation for any unknown. number? 



5.2.2.5 Videodisc as a fool f o r  "electrunic publiShi7~g" 

Videodisc can be used to  store image pages of any printed publica- 
tion. The huge storage capacity of videodiscs would allow, say, all the nov- 
els of Thomas Mann to  be put on a single disc record. The contents of the 
record could then be shown page by page on any videodisc recorder. The 
advantage of such usage would be its low cost, and the savings in paper 
and storage space. The disadvantage would be that  reading from a TV 
screen would be far more tiring than reading a book. 

Other sorts of electronic publications mlght better  utilize the "value 
added services" offered by videodisc technology. Electronic publications 
such as a "Guiness Book of Records" with voice and motion scenes or an 
"electronic cookbook" would utilize the videodisc technology's sound and 
motion dimensions. Similarly, history books might include motion and 
voice scenes. A n  encyclopedia of animals on a videodisc record might be 
an  excellent and useful educational and entertainment medium for chil- 
dren. The dimensions of random access, voice and motion are endless. 

At this po in t ,  however ,  some thoughts  should be g i v e n  to  t h e  "elec- 
t r w l i c  publishing" i n d u s t r y  as a whole .  The success of videodisc will 
depend on many factors, Important point will be the degree to which it 
can penetrate the mass market, which in turn  will heavily depend on its 
usefulness and on user acceptance. The cost factor will be decisive in thls 
process; both videodisc players and videodisc records have t o  be mass 
produced and distributed in order for costs to come down to  a reasonable 
level. The production and broad selection of videodisc programs--be it 
video, audio, or text-is of basic importance. If the choice of intormation 
on videodisc records is not attractive to the users and is not available in 
all the  major application categories-entertainment, movies, voice record- 
ings, encyclopedias, automatic directories, educational programs, e tc . - i t  
cannot at tract  the necessary broad consumer population. Therefore, 
while building up video&sc player production sites, special attention has 
to  be paid t o  the establishment of a videodisc record industry. A neces- 
sary precondition for the healthy growth of the record production indus- 
t ry  will be the  adoption of videodisc standards; otherwise the flexibility of 
the videodisc technology will not be exploited and we only will see a lim- 
ited diffusion of dedicated videodisc systems (for example, a dedicated 
system for a CHEMICAL ABSTRACTS, separate automatic directory sys- 
tems, etc.). If the development moves in that  direction, then the mass 
market cannot be reached and both hardware, software, and videodisc 
record prices must remain high. It can be expected that the videodisc 
record manufacturing industry will appear in a concentrated form since 
the installation of videodisc record production lines are rather expensive 
(on an order of magnitude of some millions of dollars). In order to keep 
the production costs down, the records must be  produced in large quanti- 
ties. 

In the audio area hard competition can be expected between the 
digital audio and ordinary LP producers. In the field of text publishing, 
competition with publishers of printed materials can be expected. In the 
field of on-line databanks, there will be competition among producers of 
videodisc records containing large databanks, and among database 
spinners who sell on-line services in the traditional way through networks 



and time-sharing computer centers. For the producers of databases, 
once they have made appropriate arrangements for record production, it 
will make no principle difference whether they provide their subscribers 
with magnetic tape or videodisc up-dates. In fact, it can be expected that 
they will be able to increase their revenues through reduced subscriber 
rates but increased user population. 

The sharing of labor in electronic publishing will be similar to that in 
the classical publishing industry. There will be a separate videodisc 
record production industry on the analogy of printer's shops. There will 
be electronic publishing houses who will be responsible for the content of 
the videodisc records, similar to traditional publishers. There will be new 
type of authors with new type of skills: in addition to writing skills they 
will require skills in video, voice, and also in videodisc controller program- 
ming. The subject of videodisc authorship is obviously much broader than 
this, and requires more concentrated study. 

A final thought here: videodisc is a new medium suitable for express- 
ing ideas, feelings, and emotions. The emergence of a new medium is 
often accompanied by the emergence of a new type of art .  The advent of 
the motion pictures triggered off the cinematic art ,  the development of 
radio broadcasting led to the emergence of radio plays, and the art  of 
modern journalism was made possible by the development of new printing 
technologies. And the novels of T. Mann, W.S. Maugham and L. Tolstoi 
could not have been disseminated without printing. In a similar way it is 
likely that the videodisc technology will be the basis for a new type of 
creative art  based on video, audio, and text information and exploiting 
the mixing and programming capability of the videodisc controller. 

Selling videodisc records will be a specialized new business with 
strong resemblance to the selling of books, traditional records, films and 
games but requiring concentrated interdisciplinary marketing. 

All in all the "electronic publishing" industry is an exciting new field 
offering new opportunities and challenges to producers and sellers of 
information as well as to buyers. While it might eliminate some jobs in 
traditional publishing it will open many others in the new field. The pub- 
lishing industry has interesting times in sight ... 

5.2.2.6Use of videodisc as fimetubLes 

Railway and flight timetables are similar in the nature to the previ- 
ously discussed electronic directory. in that they are made up of masses 
represent reference information up-dated about twice a year, and printed 
in bulky books. If they could be stored electronically, large amounts of 
materials, especially paper, could be saved. One possibility would be to 
store timetables on interactive videotex frames. This approach already 
functions perfectly on a small scale with the existing videotex technology. 
However, similar to encyclopedias and electronic directories, the volume 
of information to be stored presents a major barrier for the presently- 
known videotex systems. Thus using videodisc players for this purpose, 
either linked on-line to videotex networks as third party computers or as 
stand-alone systems, would be a feasible solution. On-line access through 



the videotex network could have an  additional provision for subsequent 
on-line reservations when a suitable train or flight is found and free 
places are  still available. Obviously, this sort of interactive traffic could 
not be performed by stand-alone videodisc devices. Therefore, it seems 
as though that the do rma t ion  retrieval type of usage of interactive 
videotex systems-+hch is a t  present the main usage category of 
videotex-like systems-can be taken over in many cases: by teletext or 
cabletext if a full  channel is put a t  the disposal of such services (around 
100,000 videotex frarnes can be rotated) or  by videodisc as shown here. 
The main strength of the interactive videotex lies in its interactive 
nature, and from the information retrieval point of view, in its capability 
for frequent and quick update. 

5.3 Wdeodisc as Tool for Education 

We have seen what an  excellent tool for information transfer the 
videodisc player is. Education is also a sort  of information transfer: in a 
structured way information is "fed" into the memory of a person being 
educated. ,  

Theoretically, videodisc is an  ideal tool for education. However, its 
acceptance in an educational environment depends upon user impres- 
sions: Is it easy t o  use? Does it provide new functions being those of dev- 
ices used for similar purposes? 

In order to  "measure" the "interface quality" of videodisc, let us 
compare it with the seven interface performance factors as defined by 
Card e t  al. [12]; 

- Time: How long does it take a user to  accomplish a given se t  of 
tasks? 

- Errors: How many errors does the  user make, and how serious 
they are? 

- Learning: How long does it take a novice to learn how to  use the 
system to  do a given set of task? 

- Functionality: What range of tasks can a user accomplish wit!. 
the system? 

- Recall: How easy is it for a user to recall how to use the system 
for a task that  he has not done for some time? 

- Concentration: How many things does a user have to  keep in 
mind while using the system? 

- How tired do users get when they use the system for extended 
periods? 

Fox, e t  al. [B] name four additional factors that must be considered 
when evaluating interfaces of educational systems: 

- Variety: Does the interface provide information in a variety of 
ways; for example, does i t  offer color ra ther  than. black and 
white, flashing images, speech output, motion pictures? 



- Curiosity: Is the user's curiosity to explore piqued by the inter- 
face? 

- Fun: Does the user find the device fun to use? 
- Adaptability: Does the device adjust to the user's level of com- 

petence as the user becomes more experienced with the device? 

Satisfying these demands can present a difficult design problem, but 
it seems that it can be done for videodiscs relatively easily. In an educa- 
tional environment it is of special importance that the last four factors be 
relatively easily fulfilled. Ths indicates that videodiscs will be excellent 
educational devices. Many of the applications for videodiscs discussed in 
previous chapters could play major roles in education. 

The automated dictionary, for instance, could do much to promote 
language training and education-perhaps more than any other device 
before it. It will help to enrich the users' vocabulary in the language, will 
promote spelling sMls, word recognition, and aid in word search, 
synonym search and the like. Its capability for easy word retrieval could 
revolutionize the translating process. 

So-called "programmed course books" have proved to be useful 
teaching tools for language training. On the analogy of programmed 
course books, programmed courses on videodiscs-so-called Computer 
Assisted Instructions (CAI)~ould  be made available, perhaps containing 
voice and motion picture scenes in addition to text. The flow of the 
course would be preprogrammed: the student learns a new chapter sup- 
ported by text, video and audio information; a test then determines 
whether or not he has understood and mastered the material. If he has 
not, the material is repeated, this time in a more detail and perhaps from 
a different angle. Subsequently a new test decides whether or not the 
student may go on to the next chapter. Of course, the student satisfac- 
torily passes the test first, he may immediately go on to the next chapter. 
Supplementary tests could be used to allow particularly advanced stu- 
dents to skip certain chapter. 

Programmed courses (CAI courses) could be designed for practically 
any field: mathematics, language, biology, engineering, programming, 
art, geography, and so on. The principle of Computer Aided Instruction is 
described by James Martin in The Wired Society [20]: 

Computer-assisted instruction has been used for a wide variety 
of people and a wide angle of subject matter. It has been used 
a t  most levels of education, from very small children to  gradu- 
ate students and professionals. When the system is well 
designed, the pupils are captivated by the terminals; they learn 
a t  a fast rate with a high level of retention and finish each ses- 
sion with a sense of accomplishment. The computer is pro- 
grammed to respond to them sensibly, with infinite patience, 
and with timing designed to maximize the reinforcement of the 
information in their minds. The pupils leave the terminals 
stimulated and often mentally fatigued. However, a badly 
designed system can be immensely tedious and can leave the 
pupils with their patience strained to the breaking point, think- 
ing that it is a worthless gimmick and that they can learn much 



better from a book. To write well for this medium requires con- 
siderable care and talent. The writer must understand the sub- 
tle psychology of the medium. 

Some topics lend themselves well to computerized teaching, but 
others do not. Subjects involving large amounts of routina 
details or facts are natural for computers, as are subjects with 
elaborate but standardized logical procedures. It is ideal for 
teaching spelling, simple mathematical techniques, the mechan- 
ics of foreign language, statistics, computer programming, elec- 
tronics, and so on. It would have more difficulty teaching philo- 
sophy, carpentry, basic principles of calculus, or appreciation of 
music, although even here it could assist a human teacher. 

Given a suitable subject and skillful programming, computer 
teachug can have significant advantages over conventional 
classroom teaching. Teaching in a classroom is almost always 
instructor-centered. The students have to proceed at the speed 
and level of complexity that is dictated by the instructor. The 
brighter students, finding the pace too slow, are bored; those 
who are not so bright often become lost or fail to understand 
part of what is said. Any student, bright or dull, can miss sec- 
tions through lapses in attenti-on. With computers, the process 
is pupil-centered, not instructor-centered, and the machine 
adapts its pace to that of the student. Dull students can ask for 
endless repetitions without embarrassment. Quick students or 
those who already partially know the material can skip a 
segment--with the machine questioning them to check that they 
do in fact know it. Students who want more practice in a certain 
area can obtain it. 

Writing these elaborately structured teaching programs 
requires much time and considerable skill. 

An outstanding program for computer-assisted instruction is a 
work of great art. A strong sense of style is needed. This is a 
new medium quite different from any that have preceded it, and 
needs its own rules concerning style. No doubt a style guide will 
be developed in time, and it will probably change with time just 
as style in other media, such as movies, has changed. 
Computer-assisted instruction may be much more susceptible 
to change because of the intimate two-way interaction, which no 
other medium has. 



There are three levels at which computer-assisted instruction 
can operate, differing in channel requirements. 

The lowest level displays alphabetic text on the terminal. This, 
Like all uses of computer dialogues with text, letters, and 
numbers, has low bit transmission requirements compared with 
digitized telephone transmission. 

The medium can be more effective and stimulating when pic- 
tures are used. The second level can display still color pictures 
on the screen. Some systems have used two screens, one for 
text and one for pictures. Substantially more bits are required 
to store or transmit pictures, but the requirement is low com- 
pared with the transmission capability of cable television. 

The third level uses movies. An educational movie will stop at 
intervals to show still frames and ask the student questions. The 
response to the questions will determine what frames are shown 
next and whether the machine repeats or skips segments of 
movie. The selection of the next movie segment may take ten or 
twenty seconds, and this selection delays is hidden by showing 
still frames. 

The lowest level can be achieved by any interactive computer sys- 
tem: interactive videotex systems such as PRESTEL, for example, would 
be ideal for this. The second level, additionally showing high quality 
freeze frame pictures, will be attained in the next years by PICTURE 
PRESTEL. The thlrd level, a t  least on a long-term basis, will only be possi- 
ble through stand-alone videodisc systems. Perhaps sometime in the 
future fiber optic link based interactive videotex systems will be able to 
compete with the videodisc in this field. 

It cannot be stressed too strongly that the production of good 
computer-assisted instruction is a highly skilled. professional 
operation. One day a substantial industry will grow up to pro- 
duce such programs. It may become an industry the size of Hol- 
lywood and just as professional. More than one thousand man- 
hours of work will go into preparing one hour of top-quality 
instruction. 

A glimpse of this can now be seen with non-interactive education 
in the Open University campus and the studios of video educa- 
tion companies. The best that is produced will exist for many 
decades, as do classic books, recordings, and films. it will be 
part of the cultural heritage of the satellite age. 

Continuing the line of suitable videodisc applications in teaching and 
learning. reference books on videodisc could serve educational purposes 
as well, although this was not the in primary purpose. 



An analysis of movement-e.g., when learning ballet or skiing-can be 
made easily using videodiscs. No other type of video device presently in 
use would allow such a full analysis of movement (normal motion, slow 
motion, picture by picture, forward motion, reverse motion, etc.). 

The variety of videodisc applications for educational purposes is end- 
less and here an attempt is made only to point out some of its potentials; 
a comprehensive mapping of all educational applications cannot be given. 

5.4 Yideodisc for M a s s  Storage and Archives 01 Data and Programs 
The fact that a videodisc record can contain such vast amounts of 

coded data, it being the most condensed form of mass information 
storage developed to date, and the fact that it does not wear out, its life- 
time being practically unlimited, make this technology particularly suit- 
able for use in archives. T h e  major hindering factor at  present is the 
requirement lor a high degree of production precision and a clean atmo- 
sphere of an "operating theater." 

As pointed out previously, the fact that videodisc cannot be deleted 
and re-used is hardly a &sadvantage for this application, in light of the 
low costs of producing records and the fact that the final goal is to 
archive data which normally should not be deleted. 

In many case large amounts of data need to be archived. Statistical 
data for countries, firms, towns, factories, etc. can be stored and 
archived by this medium on a monthly or yearly basis. Mass measure- 
ment data gathered during experiments, such as during a flight to the 
planet Saturn, must be archived, duplicated, and distributed as well. 
Moreover, they must be protected from being overwritten. For this and 
similar purposes videodisc is a suitable medium. 

Source and object code programs are also ideally suitable for 
storage on videodisc records. 

Using a videodsc output device working in computer centers with 
the digital optical recording techniques as described in Chapter 3 and 
shown in Figure 14, it will be possible to  save the content of the system 
and of library magnetic discs on videodisc on a regular basis. A t  present 
system and library disc savings are mostly made on magnetic tapes- 
usually according to the grandfather-father-son principle; i.e., three sub- 
sequent generations are stored a t  the same time. By using space-saving 
videodiscs one could build up a system and library savings archve con- 
taining snapshots of the computer center system over many years. 
Where this is required, videodisc technology could be extremely useful. 

5.5 Yideodisc in Office Automation and Document Filing 
In the view of Barrett [23], ideally an optimum mass s twage  a n d  

document f i l ing system should have the following characteristics: 



a) non-erasable archival medium; 
b) fast access time; 

c) hlgh data rate (for input, processing, retrieval and output); 
d) low cost; 
e) volumetric efficiency; 
f) data and/or image storage; 

g) expandability to at least 1015 bits capacity. 

The requirement for an non-erasable archivable medium would 
exclude, magnetic tapes because of their sensitivity to temperature, 
humidity, and electrical /magne tic interference. (Annual re-copying is 
often resorted too.) From this point of view, microfilm, holograms, and 
any other inexpensive write-once, read-often media are preferable. 
(Microfilmed evidence is now acceptable in a court of law, whereas mag- 
netic tape is not.) Magnetic tape was originally intended for short-term 
data capture and manipulation; however, its erasability is undesirable 
where long-term integrity is sought. 

A typical access time for magnetic tape mass memories is 15 
seconds, the few microform retrieval systems available can achieve 5 
seconds, depending on capacity. Requirements vary with the application, 
but 5 seconds would probably be adequate for document-retrieval sys- 
tems; a requirement easily met with the videodisc technology. 

In discussing the storage potential of videodisc Harrier Collier [22] 
points out that 

one videodisc record= 35 magnetic tapes 
= 500 microfiches 
= 182.5 feet of microfilm 
= 50,000 A 4  pages in image format 
= 500,000 A4 pages in coded alphanumerical for- 
mat. 

Office automation systems require the following basic functions in 
addition to document filing: 

a) Recording--the acquisition and input of information 
b) Storage--temporary or permanent retention, 

c) Retrievalxecall based on various attributes of the data; 

d) Composition-changing form, appearance, and structure of the 
data as and when required; 

e) Distribution-recognizing multiple needs or group actions; 
f) Communication. with geographically dispersed users and 

sources. 

Of course computers and word processing machines do the lion's 
share of above work: Communication can be carried out either via on-line 
telecommunication channels or off -line (e .g . , by  sending diskettes or 
videodisc records by mail). Ilowever, for office automation functions such 
as permanent storage, analog or digital optical recording systems seem 



to be extremely useful. Systems like the previously described Philips 
DOR system or the Document Filing systems announced by Toshiba (DF- 
2000) could play an important role here. 

The Toshiba DF-2000 image recorder/laser file system whlch will 
soon be available on the US and Japanese markets, will be the first video- 
disc technology office system on sale in the US. It will consist of a h g h  
resolution laser scanner input device (8.5 seconds input time per docu- 
ment), a high quality laser printer (14 seconds for printing a single docu- 
ment), a central computer (4.5 seconds for retrieving a given document 
and calling it up on screen) and an analog optical disc storage device 
(capacity of 10,000 document pages per record). The system is expected 
to cost only around US $50,000. A record will be cost $140. Ths cost 
level will make these systems highly competitive with other systems, such 
as those based on microforms. 

6. SIJMWWY AND CONCLUSIONS 
Optical disc technology is a revolutionary new technique that will 
have a major impact on both information technology and the consu- 
mers electronics industry. We see at  present the emergence of ana- 
log storage technology for videodiscs with the tendency of storing 
growing m o u n t  of digital information in a "pseudo" digital form. 
Videodisc with &gital storage technology will also be entering the 
market soon. Digital systems based on the PCM (Pulse Code Modula- 
tion) technique allow sound and video signals to be recorded in high 
quality a t  a relatively cheap cost. Also, another digital technique is 
used to store vast amounts of coded digital information, such as of 
coded text, data, and computer programs. These two digital coding 
techniques will be used in digital videodisc systems, allowing flexible 
mixing of audio, freeze-frame video and coded textual information. 
In principle, mixing of media will also be possible on analog video- 
disc. The memory unit price for optical storage systems-which we 
believe will be the basic technology to be used in videodiscis far 
below that of all other presently known and used techniques espe- 
cially on the mass produced (pressed) videodisc records. However 
this very positive cost factor might be negatively influenced if data 
accuracy problems with the mass produced videodisc records cannot 
be solved cost effectively. 

(2) The videodisc revolution will be triggered off by the following main 
factors: 
- low costs for information storage and data handling; 
- easy random access and retrieval of information; 
- lugh flexibility in mixing voice, video, text, and data; 
- the information processing capability of the videodisc con- 

troller; 

- flexibility in handling videodisc output alternatives (local 
display, remote data termination equipment, computer net- 
works, e tc .) 



- the convergence of information and video technology 
- revolutionary new applications 

(3) These factors could mean that the videodisc technology will reach 
the mass market within the next few years. I t  is hoped that video- 
discs will become for secondary information storage what the Ford 
Model T was for the automotive industry, making mass storage tech- 
nologies a part of everybody's daily life. Despite reduced prices for 
secondary storage devices, increased revenues could be collected 
through mass marketing. 

The following can be said about market penetration by videodiscs. A t  
present we see only the tip of the iceberg. %deodiscs have already 
begun to  penetrate the entertainment market; whether or not they 
will is a n  open question. Educational, training, television look up, and 
image data  base, systems such as those of Discovision Associates are  
already on the market and there can be hardly any doubt that  they 
will successfully penetrate the market .  Optical Recording Systems- 
such as the Philips DOR System--will soon enter the market. How- 
ever, their impact on document filing, mass storage, archiving will 
probably not be felt until the second half of the decade. Cheap digi- 
tal optical videodisc systems using mass-produced replicated video- 
disc records that  could be employed for most new applications (corn- 
plete, multimedia encyclopedia, automated dictionary, large infor- 
mation banks, etc.) have not yet reached the market and thus it is 
too soon t o  predict their success. 

(4) Videodiscs as we presently know them are "read-only" devices. How- 
ever, this will not narrow their scope of application. Indeed, for 
archiving purposes the non-erasable characteristic is of major 
advantage. Videodisc can store in appropriate form the huge amount 
of information needed for information retrieval in an appropriate 
form. 

However, resembling mass information for this application is a com- 
plex task.and should be carried out by specialists on a labor sharing 
basis. To meet this need, i t  is likely that an  increasing number of 
electronic publishing firms will evolve. Electronic publishing will 
influence the traditional paper-b as ed printing and publishing indus- 
try. " 

Market penetration and the overall success of the videodisc technol- 
ogy will depend on the availability of appropriate videodisc programs. 
Present difficulties lie in production technology of records. I t  is 
hoped, however, that as experience is gained, the technical difficul- 
ties can be overcome. Another problem is that  the production of the 
laser technology-based videodisc records requires a completely new 
technology and new record production lines and tools. Accumulation 
of the capital needed to  begin production might be a prohibitive fac- 
tor in a time of economical recession, Industrial policy factors, i.e., 
"who is backing or not backing what" might be crucial t o  the success 
of this new medium. 



(6) The development of uniform videodisc standards is urgently needed. 
There are already a few different systems, although the technology is 
still in its infancy. The elaboration and approval of standards will be 
a long and painful process, perhaps taking years. But without stan- 
dards the production of videodisc records cannot fully exploit its 
potential; for instance, the inter-changeability of records from dif- 
ferent systems could not be assured. Standardization is needed not 
only in the physical characteristics of videodisc records, but also in 
content, programming methods, coding of information, error 
recovery, and so on. 

(7) The videodisc technology will be applied in revolutionary new ways: 
interactive TV, an electronic encyclopedia containing textual, audio, 
and video information, automated dictionaries, on-line information 
banks, electronic timetables, electronic directories, and other types 
of electronic reference devices. 

(€3) The videodisc technology has great potential in the area of entertain- 
ment and education. It can be expected that t h s  technology will 
considerably change classical teaching methods. Also, videodisc 
record may become as new medium in art ,  too. 

(9) Videodisc could have a significant impact on on-line information 
banks. On-line information service centers as we presently know 
them could lose their biggest customers, who might install their own 
videodisc data centers at low cost. On the other hand, service costs 
for on-line information service centers operating videodisc storage 
devices will drop. 

(10) Videodisc will have a major impact on videotex technologies as we 
presently know them. The information retrieval function of videotex 
will be particularly affected. Some applications, such as encyclo- 
pedias, are better suited to videodisc. As we have pointed out in 
other studies ([17], [18]), the success of videotex-like systems will 
depend on the scope of their application. At  present however, 
videotex systems primarily support information retrieval, an applica- 
tion type which might be especially affected by videodisc technology. 
Where frequent information update is required, videotex technology 
will continue to play a leading role; where huge amounts of informa- 
tion needing relatively infrequent update are required, videodisc 
technology is preferable. Videodisc storage devices will be particu- 
larly useful for replacing magnetic disc storage devices in videotex 
information centers. 

(11) Videodisc technology has a "dualistic nature" with both consumers 
electronics and information technology aspects. A convergence of 
video and information technology will form a solid base for the 
emerging "videomatics" era. 
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