
Digital Video Recording in the 625-Line System 
Multiple generation copies of videotape recordings are, even today, still subject to consider- 
able reductions in quality. At the present time, it is difficult to foresee any progress being 
made in the tape, head, and amplifier fields which will bring about any noticeable hnprove- 
ment, as long as the analog FM recording method is retained. On the other hand, recording 
with digitized video signals would bring definite improvements without incurring any basic 
disadvantages such as increased tape consumption. The quality of copies (generations) 
would, with the exception of dropouts, no longer be influenced by the machine. At the 
moment, tape recorders with rotating head arrangements offer the highest storage density by 
far and, for this reason, are particularly suitable for digital video recording. Wavelengths of 
approximately 1 pm, using a corresponding code of 2 bitslpm. can be read with certainty. A 
track width of 40 p n  yields a S/N ratio better than 26 dB and a corresponding BER (bit 
error rate) of about 10 6 .  Including safety margins, a recording density of 3 Mbit/cmz can be 
achieved. Assuming that a future European digital video system will use a data rate of 
approximately 160 Mbitls, a transport velocity of about 24 cmls is required when I-in tape is 
employed. A tape speed close to 24 cm/s is customary for the present generation of helical- 
scan machines in the 625-line system, recording analog signals. 

In recent times there have been intense 
efforts in the field of digital video record- 
ing because the development of  this field 
has brought about new requirements con- 
cerning the storage of video signals. On the 
one hand. the present state of development 
of digital semiconductors offers low-cost 
technical solutions for the problem of dig- 
ital picture storage; on the other hand, the 
quality of  the broadcast video signal is af- 
fected by the copying procedures i n  the TV 
studio. At best, the third-generation copy is 
used; i t  is, however. not unusual for a 
much greater number of copies to be pro- 
duced during electronic editing. 

Table I shows, for a quad-format ma- 
chine, the most important measuring val- 
ues and their degradation u p  to the sixth- 
generation copy. The sixth-generation 
copy shows significant interference factors 
which lead to a considerable loss i n  picture 
quality. The most critical factor affecting 
the quality of a multi-generation copy is the 
color noise. 

In short, we can say that the quality of a 
sixth-generation copy is not satisfactory 
but must be tolerated since, at present, 
there arc no methods known to improve it. 
The traditional recording formats have 
reached their limits and thc narrow-band 
modulation plays an important role in this 
development. Here, the recording of digi- 
tized television signals could offer a true 
alternative because it  is possible, by re- 
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generation of the playback signal, t o  pre- 
vent error propagation due to copying. 

Digital video recorders differ from data 
recorders in two essential points. First, the 
video signal to be recorded has a high de- 
gree of redundancy, which, as i n  analog re- 
cording. can be utilized for error conceal- 
ment. As we know from the analog 
recording technique the procedure of drop- 
out  compensation causes practically no rc- 
striction as to the number of usable copies. 
This also applies to the digital recording 
technique. In data recording this method is 
not applicable. 

The second difference conccrns the re- 
cording density. To bcar comparison with 
the traditional analog video recordcrs. the 
tape consumption of a digital recorder 
should be approximately 24 cmls when a 
I - i n  tape is used. This, of course, results i n  
ii recording density considerably higher 
than thc normal recording density of to- 
day's data recorders. 
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There arc diffcrcnt data-reduction tech- 
niques available to reduce the bit rate o f  the 
digital video signal. The usc of rcdun- 
dancy-reducing methods (differential 
PCM, for example) is not advisable. be- 
cause this would, on one hand, limit the 
possibility of dropout rcplacemcnt by the 
information of the ad,jacent picture clerncnt 
(crror concealment) and. on the other hand, 
it would require efl'cctive mcthods to pre- 
vent error propagation in case of ii dropout. 
The recording system presented by Bosch 
uses the sub-Nyquist sampling method 
with 2 x ,fqC sampling rate. With this 
method, the possibility of error conccal- 
rncnt is fully maintained. and the picture 
quality is not significantly at'fccted when 
ccrtain conditions are fulfilled. By using 
this method we wcre able to demonstrate- 
by the reduced volume of the recorder clec- 
tronics compared to an analog VTK-that a 
digital Videotape recorder is not necessarily 
more complicated or expensive than an 
analog machine. 

At this point. however, we would like 
to emphasize that the method of sub- 
Nyquist sampling is only onc of the pos- 
sible solutions considcred by us for usc in 
digital recording systems. Future methods 
of  video signal processing in TV studios 
that arc presently under discussion in- 
cludc different sampling methods. such as 
component encoding. at ii bit rate of ap- 
proximately 160 Mbitls. 

Without discussing in detail the prob- 
lem of source encoding. we want t o  dem- 
onstratc that lor these formats there are 
also practicable recording methods availa- 
ble; furthermore, digital video recording, 
which is discussed a s  one o f  the possible 

Table 1. Degradation of Video Quality as a Result of Copying with a Super High-Band 
Quadruplex (Analog) 2-in VTR and with a Digital VTR. 

SNR Chroma Diff. (b Dim. K-Factor Chrom.-to-Lum. Moire 
Generation (dB) Noise (dB) (deg) Gain (%) (%) Delay (ns) (dR) 
Analog Vtdeotiipe Recorder 

i st 4 s  0 4 4 I w 40 
2 nd 42 2 X 8 I 60 40 
3 rd 40.3 -4 12 12 I 0 40 
4th 39 -4.5 I6  Ih I i 2n 40 
5th 38 -.5 20 20 I 1 so 40 
hth -37 -6 24 24 4 I80 ,36  

Digital Videotape Recorder 
1 st >.54 0 2 2 1 10 nonexistent 

10th 1.M 0 2 2 I 10 nonexistent 

None of the figures are influenced by a digital machine. Only dropouts can degrade the quality. 
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Fig. 1. Record and playback block diagram for digital video recorder with 2 j w  sampling rate. 

source encoding techniques. causes no re- 
strictions whatsoever. 

Functional Description of the Digital 
Recording System 

The electronic section of the recorder is 
designed to meet the following four re- 
quirements (Fig. I ) :  

1. Matching of the transmitted signal to 
the transmission characteristics of the 
channel. This includes scrambling, code 
conversion from source code to recording 
code, equalization of the recording signal 
in the recording amplifier, and saturation of 
the storage medium. 

2.  Matching of the playback elec- 
tronics to the characteristics in the channel. 
This includes low-noise reading and equal- 

ization of  the playback signal. I t  should be 
borne in mind that it is the processing of 
the analog signals which represents the 
main problem we have to deal with in dig- 
ital video recording. The signal path be- 
tween the equalizer output is realized by a 
very complicated analog transmission 
channel which is characterized by a strong 
nonlinearity of the storage medium, a 
bandpass characteristic, and strict require- 
ments concerning group delay distortion. 
In the high frequency range the bandpass 
characteristic of the transmission channel is 
determined by the finite gap width of the 
playback head and the finite size of the 
magnetic particles of the tape. At lower 
frequencies it is determined by the law of 
magnetic induction and the rotating trans- 
ducers. 
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Fig. 2. Four-head scanner assembly with two bit streams. 
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3. Regeneration of the playback signal 
and restoration of clock and word synchro- 
nization. 

4 .  Error detection, error concealment, 
and regeneration of  the time base. 

The Most Important Data of the Video 
Recorder for 2 x f,, Sampling Rate 

The tape deck and scanner of the ma- 
chine are identical to the BCN standard 
version except for the preamplifier, which 
has a greater bandwith, a rotary trans- 
former, and special heads. The rotational 
speed of the heads is double and the tape 
transport is half the corresponding values 
in the analog BCN version. The servos are 
modified accordingly. The bit rate of the 
transmitted signal is 80 Mbit/s, and the 
transmission channel has a bandwidth of 50 
MHz. The bit stream is generated by com- 
bining the signals from the two heads. Like 
the analog BCN version, the new machine 
uses the helical recording technique. The 
track angle is somewhat different due to the 
differing speeds; track spacing is four times 
narrower than in the analog version, that is, 
50 p m .  This results in 400 tracks per inch 
over the width of the magnetic tape. 

Twenty-five video lines are recorded on 
each track, one line comprising 512 words 
of 10 bits each. With a relative head-to-tape 
speed of 48 m/s and a bit rate of 80 Mbit/s. 
the linear storage density obtained over one 
track is 1.67 bits/pm. Considering that the 
video tracks occupy 83% of the tape area, 
the storage density comes up to 3.15 
Mbit/cm2 of the tape area. Such a high re- 
cording density could be obtained only by 
reducing the space between the tracks in a 
1 :4 ratio compared to analog recording. 

Future Developments 
Our efforts in the development of the 

digital video recorder were concentrated 
principally on the solution of the mechan- 
ical and electrical problems involved in the 
recording of signals with a bit rate of ap- 



proximately 160 Mbit/s at a tape speed of 
24 cm/s. The recorder for 2 x fst. sampling 
rate operates with a 12-cm/s tape speed. To 
double the bit rate at normal speed a further 
increase of the relative headltapc speed up 
to  48 m/s seems to be of little advantage. 
Furthermore. the data processing in one bit 
stream exceeding 80 Mbit/s becomes in- 
creasingly difficult. 

Using the normal tape speed of 24 
cm/s. however, offers the possibility of 
filling the resulting intervals by recording 
the information of a second equivalent bit 
stream by means of another pair of heads 
(Fig. 2).  This means that the circuit design 
need not be changed, but the number ofcir-  
cuit components has to be doubled. With 
400 tracks/in, we still have the 100 re- 
corded tracks per recording amplifier, 
which is a favorable value. 

A specific problem we have to deal with 
is the recording of digital audio signals to- 
gether with digital video signals on the 
same tape. The problem, in this connec- 
tion, is the requirement of separate proc- 
essing during electronic editing. There are 
several approaches being discussed to  
solve this problem. One of the solutions 

I 

i 
l a p p  

* ~~ ~ 

t o p e  mot ion  
v e r t i c a l  i n t e r v a l  

Fig. 3. Position of video and four-channel audio information on the tape. 

that we are working on uses the same heads 
for both video and audio signal recording. 
The result of this method is a combined 
vidcwaudio track (Fig. 3). The two track 
sections have to be separated by a safety 
interval. the duration of which has t o  be 
somewhat longer than the time needed for 
the determination of the time base (approx- 
imately 10 ps). In addition, the erase 0s- 
cillators and recording amplifiers have to 
be switched on selectively during the time 

uous data streams in the video channel 
when using this track configuration, over- 
lapping of the two data streams has to be 
increased by extending the wrap angle of 
the scanner s o  that all of thc audio informa- 
tion lies within this overlap area. The four 
digital-audio channels are recorded on the 
tape with a bit rate of 1.2 Mbit/s each. The 
track space available on the tape for the re- 
cording of these channels is approximately 
1.5 mm, that is, about 6% of the tape area. 

of the safety interval. To obtain two contin- The channel code is 8.10 block code. 

THE LIGHTER SIDE OF TV ENGINEERING 

The Hazards of Divination 

Any a t tempt  t o  foretell  t h e  fu ture  is f r augh t  with h a z a r d .  O n e  possibility is tha t  t h e  fo recas t e r  will incur 
t h e  laughter  of fu ture  genera t ions .  O n e  e x a m p l e  of a divination tha t  wen t  wide of t h e  mark  is a 
piece written 56 y e a r s  ago by a spor t s  writer who is n o  longe r  with u s . .  . 

"Science s e e m s  t o  be working  ou t  the d o o m  of profess iona l  spor t s .  A dispatch f rom Wash ing ton  
s a y s  tha t  Mr .  C. Francis Jenkins  (first Pres ident  of the SMPTE) has pe r fec t ed  a n  a p p a r a t u s  by which 
pe r sons  m a y  see moving ob jec t s  miles a w a y  by  r ad io .  Dipping  only casua l ly  into the fu ture  o n e  c a n  
see the t ime c o m i n g  w h e n  thousands  of t h e s e  r ad io -c inemas ,  o r  wha teve r  they w a n t  t o  call them,  a r e  
d u m p e d  u p o n  t h e  marke t .  

"Persons posses s ing  these  mach ines  will be able to sit in their  h o m e s  o r  offices a n d  wa tch  a Wor ld  
Ser ies  o r  a heavyweight  championsh ip  fight without having  t o  cont r ibu te  t o  t h e  gate receipts.  It s o u n d s  
very ominous  f o r  t h e  p romote r s  of profess iona l  spor t s .  Profess iona l  s p o r t s  c a n n o t  exist without cus tom-  
ers ,  but h e r e  is Mr. C. Francis Jenkins  sitting in his l abora to ry  ca lmly  work ing  ou t  a s c h e m e  f o r  the 
elimination of cus tomers .  P e r h a p s  if h e  rea l ized  just w h a t  he was br inging  a b o u t  h e  wou ld  desist .  
Being a m e r e  scientist he m a y  not r ea l i ze  t h e  a p p a r a t u s  u p o n  which he is work ing  th rea t ens  d i r e  
d i sas te r .  

"Mr. C. Francis Jenkins  does not cons ide r  t h e  number  of sterl ing a th le tes  who wou ld  be thrown o u t  
of work  w h e n  this ne fa r ious  instrument is per fec ted .  It m e a n s  t h e  unemploymen t  of practically all of 
o u r  profess iona l  a th le tes  f r o m  Mr.  Jack Dempsey  a n d  Mr .  Babe Ruth d o w n  to t h e  preliminary p r i z e  
f igh ters  a n d  t h e  semi -p ro  baseball p layers .  The  m a n  Jenk ins  must be without a h e a r t  if he really 
g r a s p s  the  full possibilities of what he is doing." 

W. 0. McGeehan in The New York Herald Tribune, January 1925 


