
Distribution and Broadcasting Satellites: European Projects and Problems 
Rudolf Gressmann 
Director 
EBU Technical Centre 
Brussels, Belgium 

It is becoming almost  a common place t o  say t h a t  Europe has ,  i n  a l l  f i e l d s  
of t echno logy ,  more problems than p r o j e c t s  : i t  is a c o n t i n e n t  d i v i d e d  
i n t o  two p a r t s  p o l i t i c a l l y  and w i t h i n  t h a t  frame-work, t h e  wes te rn  p a r t  
c o n s i s t s  of a number of independent c o u n t r i e s  of d i f f e r e n t  s i z e s ,  
languages,  c u l t u r e s ,  p o l i t i c a l  systems,  d e g r e e s  of i n d u s t r i a l i s a t i o n ,  e tc .  

I n  b r o a d c a s t i n g  technology t h e s e  d i f f e r e n c e s  from t h e  North American 
s i t u a t i o n  i n  p a r t i c u l a r ,  t o g e t h e r  w i t h  t h e  s t i l l  fundamental ly  d i f f e r e n t  
approach t o  t h e  b a s i c  phi losophy of b r o a d c a s t i n g  as a mass medium, l ead  t o  
r a t h e r  f o n n i d a b l e  problems i n  t e c h n i c a l  s t a n d a r d i s a t i o n .  Common 
b r o a d c a s t i n g  s t a n d a r d s  are i n c r e a s i n g l y  impor t an t ;  because,  more and more, 
t h e  c r i t i c a l  s i z e  of t h e  market f o r  t h e  p roduc t ion  of consumer p roduc t s ,  
is g r e a t e r  t han  any of t h e  i n d i v i d u a l  European c o u n t r i e s .  

1. Direct b r o a d c a s t i n g  s a t e l l i t e s  

The need f o r  one s i n g l e  t r a n s m i s s i o n  s t a n d a r d  f o r  DBS i s  recognised by a l l  
p a r t i e s  involved i n  t h e  p rocess  of s t a n d a r d i s a t i o n  i n  Europe: 
, b r o a d c a s t e r s ,  i n d u s t r y ,  telecommunications a d m i n i s t r a t i o n  and governments. 

So f a r ,  on ly  one p roposa l  f o r  such 9 s t a n d a r d  h a s  been made: t h e  
C-MAC/packet system developed and &reed by t h e  European Broadcast ing 
IJnion. 

The s p e c i f i c a t i o n  f o r  t h i s  system was s e n t  t o  t h e  C C I K  i n  1983 and i t  has  
been d e s c r i b e d  i n  d e t a i l  v i a  a number of p u b l i c a t i o n s ;  t h e r e f o r e  I w i l l  
o n l y  reca l l ,  I n  v e r y  g e n e r a l  form, i t s  o b j e c t i v e s ,  i t s  p r i n c i p a l  
c h a r a c t e r i s t i c s  and i t s  performance. 

The a i m  w a s  t o  d e v i s e  a t r a n s m i s s i o n  system 

- which used t h e  c a p a c i t y  of t h e  27-MHz channe l s  f o r  DBS i n  t h e  1 2  G H z  
band i n  a n  op t ima l  f a s h i o n  wi thou t  any in f r ingemen t  of t h e  i n t e r f e r e n c e  
r u l e s  l a i d  down i n  t h e  WARC-BS-1977 f o r  ITU Regions 1 and 3 ;  

- which w a s  t o  be t h e  t r a n s m i s s i o n  s t a n d a r d  adapted t o  t h e  q u a l i t y  
of t h e  agreed d i g i t a l  4 : 2 :  2 p roduc t ion  s t a n d a r d ;  

- which, by f u l f i l l i n g  t h e  d i f f e r e n t  DRS r equ i r emen t s  of a l l  European 
c o u n t r i e s ,  could be  a c c e p t a b l e  by each of them, and,  

- which enab led  receiver manufacturers  t o  c o n s t r u c t  a s i n g l e  .type of 
receiver which could be used a l l  over  t h e  c o n t i n e n t .  
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The main c h a r a c t e r i s t i c s  of t h i s  system can be desc r ibed  as fol lows:  

- t h e  s t r u c t u r e  of t h e  complete s i g n a l  c o n t i n u e s  t u  be based on t h e  
p r i n c i p l e s  of a 625-l ine t e l e v i s i o n  s i g n a l  w i t h  2: 1 i n t e r l a c i n g  

- t h e  p i c t u r e  c o n t i n u e s  t o  he t ransmit ted i n  analogue form 

- t h e  sound and a l l  d a t a  s e r v i c e s  are t r a n s m i t t e d  i n  a d i g i t a l  form 

- t h e  analogue and d i g i t a l  components are arranged t o g e t h e r ,  i n  v a r i a b l e  
p r o p o r t i o n s ,  i n  a t ime-d iv i s ion  m u l t i p l e x  

- t he  time m u l t i p l e x i n g  of both t h e  analogue and t h e  d i g i t a l .  components 
i s  e f f e c t e d  a t  radio-frequency (C-type modulation) 

- t h e  luminance and c o l o u r - d i f f e r e n c e  s i g n a l s  are themselves t r a n s m i t t e d  
i n  TDM t echn ique  (MAC); they are frequency modulated as i n d i c a t e d  i n  t h e  
F i n a l  Acts of t h e  WARC-BS-1977 

- t h e  d i g i t a l  e lements  are  modulated acco rd ing  t o  a f o u r - s t a t e  
p h a s e - s h i f t  keying modulation system (2-4 PSK) and a r r anged  i n  packe t s  
of f i x e d  l e n g t h s .  

Having s e t  o u t  t h e  reasons f o r  using t h e  name C-MAC/packet we can now 
q u i c k l y  g l ance  a t  some of its parameters and a p p l i c a t i o n s .  

Fig.  1 shows t h e  s t r u c t u r e  of one 6 4 3 1 s  scanning l i n e .  

Th i s  s t r u c t u r e  is based on a c lock  frequency of 20.25 MHz, t h i s  be ing  
chosen mainly f o r  two reasons : 

F i r s t ,  t h e  i n h e r e n t  q u a l i t y  of t h e  b roadcas t  t r a n s m i s s i o n  s t a n d a r d  is 
matched t o  t h a t  of t he  world-wide d i g i t a l  s t u d i o  p r o d u c t i o n  s t a n d a r d ,  
recommended by t h e  C C I R .  

If we compress, by t h e  f a c t o r s  3:2 and 3:1, t h e  luminance and 
c o l o u r - d i f f e r e n c e  s i g n a l s  with t h e i r  r e s p e c t i v e  sampl ing f r e q u e n c i e s  of  
13.5 and 6 . 7 5  MHz we a r r i v e  a t  t h e  f i g u r e  of 20.25 MHz. 

Secondly,  f o r  t h e  d i g i t a l  components, a b i t - r a t e  of 20.25 Mbit/s is c l o s e  
t o  t h e  c a p a c i t y  l i m i t  of t h e  27-MHz s a t e l l i t e  channel  when f o u r - s t a t e  
phase - sh i f t  keying i s  used. 

Given t h e s e  c o n d i t i o n s ,  each l i n e  c o n t a i n s  a t o t a l  of 1296 c l o c k  pe r iods  
which, l e a v i n g  a s i d e  those  p e r i o d s  r e se rved  f o r  t r a n s i t i o n s  between 
s e r v i c e  components and f o r  a u x i l i a r y  purposes ,  are used i n  normal 
o p e r a t i o n s  f o r  t h e  t r ansmiss ion  of : 

- a d i g i t a l  b u r s t  of 203 b i t s ;  195 of t h e s e  c a r r y  u s e f u l  i n fo rma t ion ,  
t h i s  corresponding t o  a mean h i t - r a t e  of about  3 Ml,it/s; 

- i n  t u r n ,  t h e  analogue c o l o u r - d i f f e r e n c e  components (350 c l o c k  p e r i o d s )  
and t h e  luminance component (699 c lock  p e r i o d s ) .  
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Mow l e t  u s  have a look a t  t h e  way i n  which t h e  6 2 5  l i n e  p e r i o d s  are 
o r g a n i s e d  i n  a f u l l  frame pe r iod  of 4 0  m s .  Fig.  2 shows t h e  s t r u c t u r e  f o r  
t h e  case under c o n s i d e r a t i o n ,  I should stress t h a t  t h e  i n t e r v a l s  
a l l o c a t e d  t o  each element  have the  v a l u e s  shown h e r e  and i n  the  p reced ing  
diagram on ly  i n  t h e  case of so  c a l l e d  "normal v i d e o  cond i t ions" ;  t h e  
i n t e r v a l s  can be modif ied i n  both t h e  h o r i z o n t a l  s e n s e  ( l e n g t h  of a 
component on t h e  l i n e )  and i n  the v e r t i c a l  s e n s e  (number of l i n e s  used f o r  
t h a t  component w i t h i n  each frame).  These i n t e r v a l s  are governed by 
t ime-mult iplex c o n t r o l  d a t a  which a r e  t r a n s m i t t e d  i n  t h e  s p e c i a l  d a t a  
b u r s t  which occup ies  t h e  whole of l i n e  6 2 5 .  I n  pa r t i cu la r ,  i t  is p o s s i b l e  
t o  l e n g t h e n  t h e  d i g i t a l  Liirst t o  t h e  po in t  where f u l l - c h a n n e l  d a t a  are 
t r a n s m i t t e d  o r ,  a l t e r n a t i v e l y ,  t o  s h o r t e n  i t  with a view, f o r  example, t o  
a l t e r i n g  t h e  aspect r a t i o  oE t h e  p i c t u r e .  

I n  t h i s  c o n f i g u r a t i o n  t h e  d a t a  area c o n t a i n s  162  p a c k e t s ,  s t a r t i n g  i n  
l i n e  1 and ending i n  l i n e  6 2 4 .  I s h a l l  come back la te r  t o  t h i s  f e a t u r e .  

Synchron i sa t ion  € o r  t h e  system is e n t i r e l y  d i g i t a l .  T t  is achieved by 
r e c o g n i t i o n ,  e i t h e r  s e p a r a t e l y  o r  toge t l ier ,  o f  a l i n e  s y n c h r o n i s a t i o n  word 
of 7 b i t s  and a frame s y n c h r o n i s a t i o n  word of 6 4  b i t s  i n s e r t e d  i n  l i n e  
6 2 5 .  

The p r i n c i p l e s  of t h e  MAC v i d e o  coding system have been d e s c r i b e d  i n  
v a r i o u s  p u b l i c a t i o n s ;  i t  has been developed l a r g e l y  i n  t h e  I J K ' s  I R A  a t  
Crawley Court  ( U K ) .  The ERU s p e c i f i c a t i o n  adhe res  t o  t h e  o r i g i n a l  gene ra l  
p r i n c i p l e s ,  b u t  i t  does i n c o r p o r a t e  s e v e r a l  r e f inemen t s .  

As we have a l r e a d y  seen, t h e  MAC system is designed t o  t r ansmi t  a q u a l i t y  
co r re spond ing  t o  t h e  f u t u r e  d i g i t a l  s t u d i o  s t a n d a r d ,  i . e  rnaximum 
handwidths of about  6 MHz f o r  t h e  luminance s i g n a l  and 3 MHz f o r  the IJ and 
V c o l o u r  d i f f e r e n c e  s i g n a l s .  

The luminance s i g n a l  is time-compressed on a l i ne -by- l ine  b a s i s ,  i n  the 
r a t i o  3:2,  and t h e  bandwidth i t  occup ies  i n  the  t r ansmiss ion  channel is 
t h e r e f o r e  i n c r e a s e d  i n  t h e  same p ropor t ion .  The compression t s  achieved 
by d i g i t a l l y  samp1.I.ng the  s i g n a l  which then l o a d s  a l i n e  s t o r e :  this is  
read o u t  a t  a h i g h e r  frequency than t h e  inpu t  and t h e  s i g n a l  i s  then 
r e s t o r e d  t o  analogue form. 

The c o l o u r - d i f f e r e n c e  s i g n a l s  are s u b j e c t e d  t o  time-compression of similar 
form, h u t  t h i s  t i m e  t h e  compression r a t i o  i s  3 : l ;  t h e  colour-difEerence 
bandwidth t h e r e f o r e  remains equa l  t o  one-half of t h a t  of t h e  luminance, as  
i n  t h e  4 : ? : 2  d i g i t a l  s t a n d a r d .  

The luminance and c o l o u r - d i f f e r e n c e  s i g n a l s  are then arranged side-by-side 
i n  a s i n g l e  t e l e v i s i o n  l i n e  and are thus  t r a n s m i t t e d  as a time-multiplex.  
T h e  r e s u l t  i s  t h a t  t h e  c ros s -co lou r  and cross-luminance e E f e c t s  i n h e r e n t  
t o  t h e  P A L ,  SECAM and NTSC systems are  e l i m i n a t e d .  The f i n a l  bandwidth O F  
the  MAC s i g n a l s  is 1 . 5  times t h a t  of t he  luminance s i g n a l  a t  tlie p i c t i i r e  
s o u r c e .  

The c o l o u r - d i f f e r e n c e  s i g n a l s  a r e  t r a n s m i t t e d  a l t e r n a t e l y  on s u c c e s s i v e  
l i n e s ;  in o t h e r  words, i t  is a l i n e - s e q u e n t i a l  system. I n  t h i s  way t h e  
h o r i z o n t a l  and v e r t i c a l  r e s o l u t i o n s  are  approximately matched f o r  the 
luminance and c o l o u r - d i f f e r e n c e  in fo rma t ion ,  hu t  v e r t i c a l  pre-f i l t e r i n g  i s  
used t o  reduce t h e  v i s i b i l i t y  of v e r t i c a l  a l i a s i n g  t o  a n  a c c e p t a b l e  l e v e l  
f o r  tlie c o l o u r - d i f f e r e n c e  s i g n a l s .  
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Summarising, i t  may be s a i d  t h a t  t he  MAC system is a time-multiplex of 
time-compressed luminance and l i ne - sequen t i a l  co lour -d i f fe rence  s i g n a l s ,  
Its p r i n c i p a l  advantages are an improvement i n  q u a l i t y ,  r e s u l t i n g  from t h e  
e l imina t ion  of c ross -co lour  and cross-luminance and t h e  inc rease  i n  
component bandwidths, t oge the r  with improved RF performance, l a r g e l y  
because of t h e  n o i s e  c h a r a c t e r i s t i c s  of FM, and i t s  g r e a t  f l e x i b i l i t y  as 
regards  f u t u r e  enhancements. 

Packet  mul t ip lex ing  of t h e  d i g i t a l  s i g n a l s  f o r  sound and d a t a  has  been 
developed very  l a r g e l y  by the  CCETT l a b o r a t o r i e s  a t  Rennes (France) .  . T h e  
b i t - s t ream of such a s i g n a l  i s  made up of packets  of f i xed  length .  

Fig.3 shows the  packet  s t r u c t u r e .  

We recognise  f i r s t ,  i n  t h e  header:  t h e  address ,  a c o n t i n u i t y  index and a 
p r o t e c t i o n  s u f f i x  and t h e r e a f t e r ,  t he  u s e f u l  d a t a  area c o n s i s t i n g  of one 
packet-type (PT) b y t e  which is used f o r  sound services only and then 
90 b y t e s  f o r  t he  sound s e r v i c e s .  

A s  we have seen a l r e a d y ,  i n  normal ope ra t ion  a t o t a l  of 162 packe t s  are 
t r ansmi t t ed  i n  each 625-line d i g i t a l  frame. 

The corresponding capac i ty  of j u s t  over 3 Mbit / s  can be used i n  any 
requi red  manner, as and when appropr ia te .  I n  p a r t i c u l a r ,  t he  t e l e v i s i o n  
p i c t u r e  can be accompanied by the  fol lowing sound components, each based 
on a 32 kHz sampling frequency (which permits  an audio bandwidth of 
15 kHz) : 

- e i t h e r  4 sound s i g n a l s  wi th  uniform coding and second-level e r r o r  
p r o t e c t i o n  

- o r  6 sound s i g n a l s  e i t h e r  wi th  uniform coding and f i r s t - l e v e l  e r r o r  
p r o t e c t i o n  o r  wi th  14-10 near- instantaneous companded coding and 
second-level e r r o r  p r o t e c t i o n  

- o r  8 sound s i g n a l s  wi th  14-10 near- instantaneous companded coding and 
f i r s t  l e v e l  e r r o r  p r o t e c t i o n .  

In each case a number of packets  is l e f t  open f o r  o t h e r  uses .  One of 
t hese  is t h e  i d e n t i f i c a t i o n  of services. I n  f a c t ,  t h e  m u l t i p l i c i t y  of 
services o r  s e r v i c e  components which can be broadcas t  s imul taneous ly  i n  a 
s i n g l e  channel ,  e i t h e r  i n  the  form of components of t he  t ime-divis ion 
mul t ip l ex ,  o r  w i th in  t h e  packet mul t ip lex ,  r e q u i r e s  t h e  p rov i s ion  of a n  
i d e n t i f i c a t i o n  system t o  he lp  use r s  ga in  rap id  access t o  t h e  wanted 
service. Th i s  s e rv i ce - iden t i f  i c a t i o n  system m u s t  t h e r e f o r e  o f f e r :  

- a readi ly-obta ined  l i s t  of a v a i l a b l e  services; - a means f o r  au tomat i ca l ly  conf igur ing  the  r e c e i v e r  and i ts  decoders  t o  

- a rap id  i n d i c a t i o n  of which s e r v i c e  is being received.  
s u i t  t h e  choice  made by t h e  user ;  

These requirements  have r e s u l t e d  i n  t h e  development of a very e l a b o r a t e  
system which I cannot desc r ibe  i n  d e t a i l  here .  J,et m e  j u s t  mention t h e  
d a t a  which are broadcas t  as a func t ion  of t he  selected t ransmiss ion  mode. 
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F i r s t  of a l l  we have s e e n  t h a t  t h e  whole of l i n e  625  is r e se rved  f o r  a 
special  d a t a  b u r s t  which, i n  a d d i t i o n  t o  p rov id ing  frame s y n c h r o n i s a t i o n ,  
c o n t a i n s  mainly i n f o r m a t i o n  concerning : 

- d a t e  and time 
- sa t e l l i t e  channe l  
- TDM c o n E i g u r a t i o n  and d e t a i l s  of t h e  TDM m u l t i p l e x  i t s e l f .  

Secondly,  t h e r e  i s  one d e d i c a t e d  d i g i t a l  channe l ,  made up of a l l  t h e  
p a c k e t s  b e a r i n g  t h e  a d d r e s s  "0". It is  re se rved  f o r  t h e  i d e n t i f i c a t i o n  of 
t h e  s e r v i c e s  c a r r i e d  i n  the packet  mu1tiplex.  The coding s t r u c t u r e  i s  
t h a t  recommended i n  C C I T T  Recommendation S.62 f o r  t e l e t ex  c o n t r o l .  The 
t r a n s m i t t e d  in fo rma t ion  i n c l u d e s  coded i n d i c a t i o n s  and a l s o  c l ea r - l anguage  
t e x t ,  of v a r i a b l e  l e n g t h ,  which may be  d i s p l a y e d  on t h e  t e l e v i s i o n  
receiver s c r e e n  o r  on a s p e c i a l  d i s p l a y  dev ice .  These i n c l u d e  a l l  t h e  
i n f o m a t i o n  needed by t h e  p u b l i c  concerning t h e  services and t h e  
programmes provided a t  a given moment i n  t i m e  by t h e  o p e r a t o r s  of t he  
system. 

For  a t y p i c a l  example in which t h e  channel  carr ies  a t e l e v i s i o n  programme 
w i t h  o r i g i n a l  sound, t h r e e  commentary sound s i g n a l s  and srth t i t l e s  i n  t h r e e  
d i f f e r e n t  languages,  t o g e t h e r  w i th  two r a d i o  s e r v k e s  and Eour d i f f e r e n t  
t e l e t e x t  s e r v i c e s ,  t h e  b i t - r a t e  needed i n  t h e  d e d i c a t e d  channel  is of t h e  
o r d e r  of 1 2 k b i t / s  o r  16 p a c k e t s / s .  

T h i r d l y ,  t h e  in fo rma t ion  t r a n s m i t t e d  a t  t h e  l .evel of one d i g i t a l  s e r v i c e  
channe l  is concerned on ly  wi th  a s e r v i c e  o r  service component and i t  i s  
c a r r i e d  i n  t h e  same d i g i t a l  channel  as t h e  s e r v i c e  i t s e l f  i . e . ,  i t  u s e s  
p a c k e t s  b e a r i n g  t h e  same a d d r e s s  as t h e  s e r v i c e .  These i n t e r p r e t a t i o n  
b l o c k s  (BI i n  t h e  F ig . )  normally have a l e n g t h  o€ one packet  and t h e  main 
i n f o r m a t i o n  coded i n  them e n a b l e s ,  amongst o t h e r  t h i n g s ,  t h e  receiver t o  
r ecogn ize  t h e  type of sound s i g n a l  t r a n s m i t t e d  e.g. mono o r  s t e r e o ,  t y p e  
o €  coding and e r r o r  c o r r e c t i o n ,  etc.  

The system so  f a r  d e s c r i b e d  is much b e t t e r  s u i t e d  than NTSC, PAL o r  SWAM 
f o r  t e l e v i s i o n  s e r v i c e s  where c o n d i t i o n a l  access i s  r e q u i r e d  such as 
"Pay-TV" o r  "Subscription-TV". EBU s t u d i e s  i n  t h i s  f i e l d  a r e  i n  hand. 
They f o r e s e e  t h e  u s e  of PRBS (pseudo-random b i n a r y  sequence) g e n e r a t o r s  
f o r  component r o t a t i o n  of t he  v i s i o n  s i g n a l  and d i g i t a l  scrambling of t h e  
sound and d a t a  s i g n a l s ;  The optimum means of d i s t r i b u t i o n  of t h e  key 
i n f o r m a t i o n  f o r  t h e  PRBS g e n e r a t o r s  is s t i l l  under d i s c u s s i o n ,  b u t  one 
p o s s i b i l i t y  i s  t h e  t r a n s m i s s i o n ,  o v e r - a i r ,  of enc ryp ted  keys.  The system 
must,  of c o u r s e ,  have some means of d i s c r i m i n a t i n g  i n d i v i d u a l  users, and a 
number of p o s s i b i l i t i e s  are be ing  d i s c u s s e d  € o r  user a c c e s s  s y s t e m ,  such 
as t h e  smart c a r d ,  ca rd  and PIN system and 'over-air  addres s ing .  These 
systems e s s e n t i a l l y  d e c r y p t  t h e  encrypted key in fo rma t ion .  The q u e s t i o n  
of whether  a l l  s e r v i c e s  should be scrambled, with some having a f r e e l y  
a v a i l a b l e  key,  i s  still. t o  be decided.  

F i n a l l y ,  some remarks about  t h e  performance of t h e  system. W e  have 
a l r e a d y  s e e n  i t s  g r e a t  f l e x i b i l i t y  and t h e  amount o€ headroom i t  l e a v e s  
f o r  f u t u r e  developments.  The system indeed makes opt imal  use o f  t h e  
f requency spectrum a t t r i b u t e d  t o  s a t e l l i t e  b r o a d c a s t i n g  i n  Europe. I n  a 
more s p e c i f i c  s e n s e ,  t e c h n i c a l  performance, which h a s  been v e r i f i e d  
e x p e r i m e n t a l l y ,  i s  e v i d e n t l y  one of t h e  p r i n c i p a l  f a c t o r s  de t e rmin ing  t h e  
c h o i c e  of a new system. 
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For t h e  p i c t u r e ,  t h e  MAC system e l i m i n a t e s  c ros s -co lou r  and 
cross-luminance e f f e c t s ,  l e a d s  t o  a p p r e c i a b l e  i n c r e a s e s  i n  component 
bandwidths and improves t h e  RF performance. S u b j e c t i v e  e v a l u a t i o n s  have 
shown t h a t  t h e  f i n a l  q u a l i t y  is b a r e l y  0.1 g rade  ( i n  t h e  5-grade q u a l i t y  
s c a l e )  below t h a t  of t h e  4 : 2 : 2  d i g i t a l  s t u d i o  s t a n d a r d  where s c r e e n s  of  
conven t iona l  s i z e  are used. 

A s  f a r  as t h e  b a s i c  sound q u a l i t y  under normal r e c e p t i o n  c o n d i t i o n s  is 
concerned,  l i s t e n i n g  tests have shown t h a t  a l l  of t h e  forms of coding 
mentloned g i v e s  h igh  q u a l i t y  w i t h i n  t h e  dynamic range s u i t a b l e  f o r  
domest ic  l i s t e n i n g  c o n d i t i o n s .  No n o i s e  is a u d i b l e  on normal programme 
material o r i g i n a t e d  from h igh-qua l i ty  s o u r c e s ,  a l though  
programme-modulated n o i s e  i s  p e r c e p t i b l e  with companded coding on ve ry  
c r i t i c a l  passages such as pure sine-waves. 

The f a i l u r e  c h a r a c t e r i s t i c  t akes  on a d i f f e r e n t  form f o r  t h e  analogue 
components, f o r  which t h e  q u a l i t y  f a l l s  o f f  g r a d u a l l y ,  and f o r  t h e  d i g i t a l  
components, For which t h e  service remains e x c e l l e n t  down t o  a cer ta in  
l i m i t  beyond which t h e  deg rada t ion  r a p i d l y  becomes seve re .  

I n  t h e  MAC system, the  colour-diEference s i g n a l s  are n o t  c a r r i e d  on a 
s u b - c a r r i e r ,  and hence t h e  n o i s e  power p e r  u n i t  bandwidth is less than  i n  
t h e  case of composite PAT, o r  SECAM s i g n a l s ;  i t  is t h e r e f o r e  t o  be expected 
t h a t  t h e  f a i l u r e  c h a r a c t e r i s t i c  w i l l  f a l l  o f f  more g r a d u a l l y .  T h i s  h a s  
indeed been confirmed i n  many s u b j e c t i v e  tests conducted by t h e  EBU. The 
f i rs t  t h r e s h o l d  e f f e c t s  ( luminance s p i k e s  on t h e  p i c t u r e )  were observed a t  
C / N  r a t i o s  oE between 8 and 10 dR. The f i r s t  a u d i b l e  c l i c k s  on t h e  sound 
appeared a t  a C/N r a t i o  of about R dB. 

T t  m u s t  be  s t r e s s e d  t h a t ,  a l t hough  t h e s e  f i g u r e s  correspond t o  8 

p e r c e p t i b l e  impairment, t h e  q u a l i t y  would s t i l l  n o t  be unwatchable o r  
u n l i s t e n a h l e .  I f  we  d e f i n e  t h e  s e r v i c e  f a i l u r e  p o i n t  as l y i n g  halfway 
between q u a l i t y  g r a d e s  ''poor'' and "bad", f a i l u r e  f o r  a t e l e v i s i o n  s e r v i c e  
occur s  between about  2 and 3 dR f o r  t h e  p i c t u r e ,  i .e  about  2 dB below t h e  
f i g u r e  f o r  a PAL o r  SECAM p i c t u r e ,  and between about  3 and 4.5 dB f o r  t h e  
sound depending on the  type of coding and e r r o r  c o r r e c t i o n .  

In o t h e r  words, the u s e  of t h e  C-MAC/packet system could mean c o n s i d e r a b l y  
l a r g e r  coverage areas than those  o b t a i n a b l e  wi th  t h e  r e f e r e n c e  system used 
a t  t h e  WARC-RS i n  1977. 

A s  r e g a r d s  i n t e r f e r e n c e ,  s u b j e c t i v e  tests have a l s o  shown t h a t  t h e  
C-MAC/packet s y s t e m  sa t i s f i e s  t h e  c o n d i t i o n s  imposed by t h e  WAHC-BS 1977 
r e l a t i n g  t o  p r o t e c t  ion r a t i o s .  

We can conclude t h a t  t h e  C-MAC/packets system is more than  j u s t  .another  
t e l e v i s i o n  b r o a d c a s t i n g  sy:;tem such as NTSC,  PAL o r  SECAM. Its 
i n t r o d u c t i o n  may w e l l  open up a new era i n  b roadcas t ing .  
b r o a d c a s t  channe l ,  used i n  any of t he  frequency bands a l l o c a t e d  t o  t h e  
b r o a d c a s t i n g  s e r v i c e ,  h a s  g e n e r a l l y  been used f o r  a s i n g l e  s e r v i c e ,  e.g. 
For a r a d i o  programme o r  a t e l e v i s i o n  programme. 

'In t h e  p a s t  each 

The C-MAC/packet system b r i n g s  with i t  t h e  complete abandonment of t h i s  
one-to-one r e l a t i o n s h i p  between channels  and s e r v i c e s .  It  is designed t o  
p rov ide  f o r  t h e  v a r i a b l e  and e v o l u t i o n a r y  b r o a d c a s t  t r a n s m i s s i o n  of a 
group of s e r v i c e s  w i t h i n  t h e  limits of a channel  which is t h a t  de f ined  f o r  
sate1 l i t e  b r o a d c a s t i n g  hy t h e  WARC-BS-1977. 
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The composi t ion of t h a t  group of s e r v i c e s  may v a r y  from coun t ry  t o  country 
o r ,  more p r e c i s e l y ,  from t r a n s m i t t e r  t o  t r a n s m i t t e r  and,  f o r  each 
t r a n s m i s s i o n ,  from one pe r iod  of t i m e  t o  ano the r .  

One may be f o r g i v e n  f o r  wondering whether t h i s  f l e x i b i l i t y  is d i s q u i e t i n g  
t o  t h o s e  who are r e s p o n s i b l e  f o r  t he  media p o l i c y  i n  some ruropean 
c o u n t r i e s .  However, t h e  b r o a d c a s t e r s  i n  t h e  EBIT have concluded t h a t  t h i s  
system, d e v i s e d  c o l l e c t i v e l y  by a t r m  of  e n g i n e e r s  and s c i e n t i s t s  from 
many c o u n t r i e s ,  c o n s t i t u t e s  a n  opt imal  b roadcas t ing  sys tem.  I t  is i d e a l l y  
adapted f o r  1 2  GHz s a t e l l i t e  h r o a d c a s t i n g  ilnd, i n c i d e n t l y ,  we  b e l i e v e  i t s  
s i g n a l s  can be d i s t r i b u t e d  over  many k i n d s  of c a b l e  networks wi thou t  l o s s  
of q u a l i t y .  I ts  performance is e x c e l l e n t  as  f a r  as  r e l i a b i l i t y ,  q u a l i t y  
and ruggedness are concerned. I t  l e n d s  i tsel f  t o  u s e r - f r i e n d l y  hardware 
and i t  is  f u t u r e - o r i e n t e d  i n  t h a t  i t  can be t a i l o r e d  t o  a l l  f o r e s e e a b l e  
a p p l i c a t i o n s  and s t a n d s  u s  i n  good stead For whatever t he  imaginat ion of 
f u t u r e  e n g i n e e r s  may b r i n g .  Although i t  may be ranged amongst t he  most 
s o p h i s t i c a t e d  consumer p roduc t s  o € f e r e d  t o  t h e  p u h l i c ,  w e  a r e  convinced 
t h a t  hardware c o s t  w i l l  be r easonab le .  W i t h  t h i s  l a s t  p o i n t  i n  mind, and 
c o n s i d e r i n g  t h e  f a c t  t h a t  t h e  f i r s t  DBS s e r v i c e s  may w e l l  s t a r t  i n  Europe 
n o t  la ter  than  two y e a r s  from now, we f e e l  t h a t  i t  should become a 
r ecogn ized  European s t a n d a r d  wi thou t  f u r t h e r  de l ay .  

The q u e s t i o n  arises,  why t h i s  is not  y e t  t h e  case .  As p a r t  o€  t h e i r  
a n a l y s i s  of t h e  q u e s t i o n  t h e  gov,ernments of France,  t h e  lJnited Kingdom and 
t h e  F e d e r a l  Repub l i c  of Germany have formed a number of working groups i n  
o r d e r  t o  i n v e s t i g a t e  what h a s  been termed "ques t ions  which need f u r t h e r  
examination' '  w i t h  a view t o  convening a European governmental  confe rence  
which is t o  t a k e  a d e c i s i o n  i n  the  matter. 

We are n o t  aware of any o f f i c i a l  s t a t e m e n t  as f a r  as  composi t ion,  mandate, 
time-scale, o r  any r e s u l t s  of work of t h e s e  groups are concerned. 

The Un i t ed  Kingdom government h a s  r e c e n t l y  s t a t e d  i n  Pa r l i amen t  , t h a t  they 
are committed t o  t h e  C-MAC/packet system, b u t  t h e  o f F € c i a l  a t t i t u d e  o €  t h e  
two o t h e r  governments w a s  s t i l l .  unknown a t  t he  time of w r i t i n g  t h i s  t e x t .  

The two main o b s t a c l e s  t o  t h e  f i n a l  adop t ion  of t h i s  p roposa l  by 
governmental  a u t h o r i t i e s  seem t o  be: 

a )  r e c e i v e r  c o s t  p r e d i c t i o n s  
b) t h e  c o m p a t i b i l i t y  of t h e  system w i t h  e x i s t i n g  and planned 

c a b l e  systems.  

Both q u e s t i o n s  h a v e  been s t u d i e d  e x t e n s i v e l y  w i t h i n  t h e  framework OF t he  
ERU a c t i v i t i e s  and bo th  q u e s t i o n s  have found - i n  O U K  op in ion  - 
s a t i s f a c t o r y  answers.  We are l e f t  t h e r e f o r e  t o  conclude,  t h a t  any 
remaining o b j e c t i o n s  t o  s t a n d a r d i s e  t h e  system are more o f  a pol { t i c a l  
n a t u r e  than  of a t e c h n i c a l  n a t u r e .  

To unde r s t and  t h i s  b e t t e r ,  T s h a l l  b r i e f l y  refer  t o  the Eiiropean s i t u a t i o n  
with r ega rd  t o  c a b l e  d i s t r i b u t i o n  o f  t e l e v i s i o n  and sound b r o a d c a s t i n g  
programmes. 
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2, C a b l e  d i s t r i b u t i o n  

The development of c a b l e  d i s t r i h u t i o n  systems i n  Europe h a s  followed a 
v e r y  d i f f e r e n t  p a t t e r n  from t h a t  i n  t h e  USA. I n  t h e  beginning i t s  main 
purpose was t o  improve t h e  r e c e p t i o n  q u a l i t y  of t h e  n a t i o n a l  t e l e v i s i o n  
programme o r  programmes i n  shadow areas, and then  a l s o  t o  p rov ide  s i g n a l s  
f o r  programmes from neighbouring c o u n t r i e s  i n  bo rde r  r eg ions  where t h e  
E ie ld - s t r eng th  was too  weak t o  provide a s a t i s f a c t o r y  p i c t u r e  by means of 
a n  an tenna  of r easonab le  s i z e .  The l a t t e r  type of c a b l e  system can be 
found mainly i n  t h e  smaller c o u n t r i e s  of Europe which have many 
neighbours:  Belgium, t h e  Nether lands,  Swi t ze r l and ,  A u s t r i a .  Thus, f o r  
example, abou t  85% of t h e  Belgian households are now connected t o  
e x t e n s i v e  c a b l e  networks p rov id ing  them w i t h  up t o  16 programmes, 1 2  of 
which are o r i g i n a t e d  i n  o t h e r  c o u n t r i e s .  

However, u n t i l  r e c e n t l y ,  t h e r e  was no q u e s t i o n  of a u t h o r i s i n g  t h e  c a b l e  
o p e r a t o r s  t o  produce t h e i r  own programmes; they remained s imply 
d i s t r i b u t o r s  oE e x i s t i n g  programmes t h a t  could be picked up somewhere 
w i t h i n  t h e  l i m i t s  oE t h e  n a t i o n a l  t e r r i t o r y .  

With t h e  advent  of d i s t r i b u t i o n  s a t e l l i t e s ,  a r a d i c a l  change i n  media 
p o l i c y  took place i n  t h e  l a r g e r  c o u n t r i e s .  I n  p a r t i c u l a r  i n  France,  
Germany and t h e  United Kingdom p lans  began t o  emerge t o  g r a d u a l l y  cover  
t h e s e  c o u n t r i e s  with a n a t i o n a l  c a b l e  d i s t r i h u t i o n  system, by using e i t h e r  
t r a d i t i o n a l  c o a x i a l  c a b l e  t echn iques  o r  g l a s s - f i b r e  networks,  o r  a 
combination of them. S a t e l l i t e s ,  e i t h e r  t hose  developed by t h e  European 
Space Agency and e x p l o i t e d  by t h e  E u t e l s a t  o r g a n i s a t i o n  ( t h e  ECS-system), 
o r  n a t i o n a l  s a t e l l i t e s ,  o r  even I n t e l s a t - c o n t r o l l e d  s a t e l l i t e s  c o u l d . t h e n  
l i n k ,  a t  least  f o r  a r a t h e r  long i n i t i a l  p e r i o d ,  t h e  " i s l ands"  of cab led  
towns t o g e t h e r ,  These c a b l e  systems can thus  be f e d ,  from t h e  beginning,  
n o t  on ly  by l o c a l  o r  n a t i o n a l  programme p r o v i d e r s ,  b u t  a l s o  by commercial 
programme o r i g i n a t o r s  i n  any European coun t ry ,  o r  Indeed - why n o t  - 
extra-European country.  

It  is unde r s t andab le  t h a t  governments who have developed p l a n s  of t h i s  
s o r t ,  may f i n d  i t  d i f E i c u l t  t o  see a p l a c e  f o r  DBS i n  t h i s  s c e n a r i o .  I f ,  
by one f u t u r e  means o r  a n o t h e r ,  t h e  p o p u l a t i o n  h a s  a l r e a d y ,  v i a  c a b l e  and 
d i s t r i b u t i o n  s a t e l l i t e s ,  t h e  cho ice  between, s a y ,  30 t e l e v i s i o n  and a 
similar number of r a d i o  programmes, why then undertake t h e  a d d i t i o n a l  
e f f o r t  of deve lop ing  and f i n a n c i n g  a DBS system which can,  a f t e r  a l l ,  do 
no th ing  more than add a maximum of f i v e  f u r t h e r  t e l e v i s i o n  programmes ? 

Of c o u r s e ,  t h i s  view is n o t  shared by everybody, and indeed the  argument 
t h a t  t h e  f u t u r e  r a t h e r  l i e s  i n  DBS, and t h a t  t h e r e f o r e  c a b l e  systems 
should h e l p  'to develop DRS and no t  the  o t h e r  way round, h a s  i t s  
proponents .  

According t o  t h i s  p e r s p e c t i v e ,  DBS and c a b l e  d i s t r i b u t i o n  are s e e n  t o  be 
complementary, no t  as  an a l t e r n a t i v e ,  and thus  t h e  EBU h a s  engaged i n  
s t u d i e s  t o  use t h e  proposed DBS s t a n d a r d  f o r  c a b l e  networks.  
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Such s t u d i e s  are be ing  c a r r i e d  o u t  p r i m a r i l y  i n  France and Germany; they 
would e n a b l e  a complete C-MAC/packet s i g n a l  t o  he c a r r i e d  without  l o s s  of 
c a p a c i t y  o r  q u a l i t y  i n  a c a b l e  system (i.e i n  a CATV system as well as i n  
a master an tenna  c o n f i g u r a t i o n ) .  Fig.  4 shows t h e  b a s i c  philosophy of 
t h e s e  p o s s i b i l i t i e s .  Experiments show t h a t  t h e  bandwidth requirement of 
27 MHz f o r  DRS c a n  be reduced t o  s u i t  any type of c a b l e  system, f o r  
example : 

- t o  7 MHz by u s i n g  a B-MAC/packet s y s t e m  w i t h  a qua te rna ry  ( 4 - l e v e l )  
d i g i t a l  s i g n a l  (where, however a c e r t a i n  l o s s  o f  r e s o l u t i o n  m u s t  be 
accep ted )  , o r  

- t o  between 10 and 14 MHz w i t h  v e s t i g i a l - s i d e b a n d  ampl i tude  
modulat ion f o r  v i s i o n  and duohinary modulation f o r  sound and d a t a .  

3 .  S a t e l l i t e  p r o j e c t s  

I n  t h e  f i e l d  of s a t e l l i t e s  belonging t o  the  f i x e d - s a t e l l i t e  s e r v i c e s  -- and 
f o r e s e e n  f o r ,  o r  capab le  o f ,  t r a n s m i t t i n g  b r o a d c a s t i n g  programmes, t h e  
Eirst o p e r a t i o n a l  system w i l l  be t h e  ECS-system of E u t e l s a t .  F igs .  5 a n d  
6 and 7 show t h e  a t t r i b u t i o n  of TV/downlinks t o  v a r i o u s  European c o u n t r i e s  
and t o  t h e  EBU w i t h i n  t h e  t h r e e  spot-beams and t h e  Eurobeam o f  t h a t  
system. Together  w i th  similar n a t i o n a l  s a t e l l i t e  p r o j e c t s  i n  France,  
Germany, t h e  1Jnited Kingdom and t h e  Scandinavian c o u n t r i e s ,  t h e r e  w i l l  b e ,  
towards t h e  end of t h e  1980s,  a l a r g e  number of f a c i l f t i e s  capab le  of 
f e e d i n g  cable-systems a l l  over  Europe. Rut i t  seems d o u b t f u l ,  whether 
t h e s e  c h a n n e l s  w i l l  a l l  be used by then ,  o r  indeed l a t e r .  

A s  f a r  as b r o a d c a s t i n g - s a t e l l i t e  servtces- (DES) a r e  concerned, most  of the  
p r o j e c t s  s o  f a r  known have been developed p r i m a r i l y  i n  o r d e r  t o  promote 
t h e  European s p a c e  and telecommunications i n d u s t r y .  Tn ch rono log tca l  
o r d e r ,  t h e s e  p r o j e c t s ,  a l l  of which, w i t h  one e x c e p t i o n ,  are based on t h e  
c h a r a c t e r i s t i c s  of t h e  WARC-BS-1977 P lan ,  are: 

- TDF-1 and TV-SAT, a common p r o j e c t  f i nanced  by t h e  French and 
German governments r e s p e c t i v e l y ,  t o  be launched a t  t h e  end of 1955. 
Both have t h r e e  WARC-channels. One of t h e  TV-SAT channe l s  w i l l  u s e  
p u r e l y  a d i g i t a l  sound b r o a d c a s t i n g  system developed i n  Germany 
(16 s t e r e o p h o n i c  programmes), and which is not r e l a t e d  t o  t h e  
C-MAClpacket p roposa l .  I t  may be mentioned however t h a t  t h e  l a t t e r  
cou ld  p rov ide  a n  almost  i d e n t i c a l  f a c i l i t y .  The remaining f i v e  
c h a n n e l s  w i l l  probably t r a n s m i t  t e l e v i s i o n  programmes and i t  is t o  
he  f e a r e d  t h a t  they w i l l .  u s e  SECAM and PAL, p o s s i b l y  with analogue 
sound (two monophonic channe l s  o r  one s t e r e o p h o n i c  channe l ) .  These 
t r a n s m i s s i o n s  have,  however, been q u a l i f i e d  as expe r imen ta l  o r  
p r e - o p e r a t i o n a l .  

- UNISAT of t h e  United Kingdom, t o  he launched 1986/87, wi th  two 
t e l e v i s i o n  c h a n n e l s ,  p o s s i b l y  one of which w i l l  be i n  a 
c o n d i t i o n a l - a c c e s s  mode. T h i s  may w e l l  he t h e  f i r s t  o p e r a t t o n a l  
DBS-system i n  Europe, and, as a l r e a d y  s t a t e d ,  i t  is l i k e l y  t o  u s e  
t h e  C-MAC/packet system. 
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- L-SAT (Olympus) a l a r g e  multi-purpose p l a t f o r m  t o  he launched by 
t h e  European Space Agency (ESA) i n  1986/87. 
o r i e n t a b l e  downlink antenna which w i l l  e n a b l e  any p a r t  of Europe and 
p a r t s  of North A f r i c a  and t h e  Middle East t o  be covered, and 
r e q u i r e s  t h e r e f o r e  a u t h o r i s a t i o n  from t h e  r e l e v a n t  s i g n a t o r i e s  of 
WARC-BS-1977. One of t he  two t e l e v i s i o n  channe l s  w i l l  be used f o r  
I t a l i a n  coverage and t h e  o t h e r ,  most probably,  by Members of t h e  EBU 
who wish t o  c a r r y  on, € o r  t h r e e  y e a r s  i n i t i a l l y ,  w i t h  programme 
experiments  f o r  a pan-European s e r v i c e .  Because of t h e  need f o r  a 
l a r g e  number of sound channe l s  (and, p o s s i b l y ,  s u b t i t l i n g  
F a c i l i t i e s )  For such a programme, t h e  PAL o r  SECAM t r a n s m i s s i o n  
systems (wi th  analogue sound) are t o t a l l y  Unsu i t ab le  f o r  t h i s  
expe rirnent. 

It  w i l l  use  a n  

- TELE-X, a Swedish mult iple-purpose expe r imen ta l  p r o j e c t ,  w i th  t h e  
p a r t i c i p a t i o n  oE c e r t a i n  o t h e r  Nordic c o u n t r i e s ,  t o  be launched 
1987/88. There a r e  t o  he t h r e e  TV t r ansponder s ,  two of which can be 
used t o  cove r ,  i n  accordance with t h e  WARC-BS-1977 P l a n ,  t h e  
Scandinavian area. 

There are c e r t a i n l y  more p l ans  a t  a less advanced s t a g e  of planning o r  
c o n s t r u c t  i on .  

We can however, a l r e a d y  conclude, t h a t  t h e  absence of a Europe-wide 
agreement amongst governments, iE con t inued ,  on a common t r a n s m l s s i o n  
s t a n d a r d ,  wj.11 h e  a s e r i o u s  o b s t a c l e  t o  t h e  development of DBS i n  Europe 
and t h a t  thereby European i n d u s t r y  is i n  t h e  p rocess  of l o s i n g  a unique 
o p p o r t u n i t y  t o  r e g a i n  l e a d e r s h i p  i n  t h e  f i e l d  o€  modern consumer product  
technology. 

T h i s  a t  t h e  end OF my t a l k ,  'r can  on ly  emphasize, w i t h  some r e g r e t ,  what I 
s a i d  a t  t h e  beginning:  

Europe h a s  more problems than p r o j e c t s ,  and w h i l s t  some of t h e  
p r o j e c t s  may look promising, t h e i r  r e a l i s a t i o n  i s  o f t e n  hampered by 
problems gene ra t ed  by t h e  Europeans themselves 
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