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"A  b i r d  i n  t h e  hand..": a p i c t u r e  i n  t h e  home, I t i s  wor th  two i n  t h e  bush": 
i s  w o r t h  two i n  t h e  s t u d i o .  But t h i s  i s  o n l y  t r u e  i f  i n  t r a n s p o r t a t i o n ,  
t h e  p i c t u r e  i s  n o t  degraded apprec iab l y .  Present d i s t r i b u t i o n  techn iques  
f o r  NTSC t e l e v i s i o n  cannot reproduce s t u d i o  qual  i t y .  Improved p i c t u r e s  i n  
t h e  s t u d i o  have l i t t l e  f u t u r e  a p p l i c a t i o n  un less  t h e y  can be d e l i v e r e d  t o  
t h e  home w h i l e  e i t h e r  r e t a i n i n g  t h e i r  i n t r i n s i c  improvements o r  by b e i n g  
r e c o n s t r u c t e d  by s o p h i s t i c a t e d  r e c e i  ve r  c i  r c u i  t ry .  

Our p r e s e n t  e l e c t r o n i c  highway, then, i s  no s i x  l a n e  expressway, b u t  more 
a k i n  t o  a secondary road. Le t  us q u i c k l y  rev iew  t h e  degree o f  d e t e r i o r a -  
t i o n  which does occur  between s t u d i o  and home. 

F i g u r e  I l i s t s  t y p i c a l  q u a l i t y  f a c t o r s  such as s i g n a l - t o - n o i s e  r a t i o  
(SNR),  K - f a c t o r ,  and r e s o l u t i o n  t o  be found a t  v a r i o u s  p o i n t s  i n  t h e  
system. Modern cameras can reproduce p i c t u r e s  w i t h  SNR around 55 dB, 
K - f a c t o r  o f  1%, and r e s o l u t i o n  o f  500 t o  600 l i n e s .  VTR's a re  capable o f  
p r o v i d i n g  a i r - p l a y  dubs o f  52 t o  54 dB SNR, r e t a i n i n g  a 1% K- fac to r ,  and 
r e s o l u t i o n  o f  500 l i n e s .  D i g i t a l  VTR's w i l l  do even b e t t e r .  A t  t h e  
s t u d i o  o u t p u t ,  t y p i c a l  va lues  would be an SNR o f  50 t o  55 dB, K - f a c t o r  o f  
2 o r  b e t t e r ,  and r e s o l u t i o n  o f  500 l i n e s .  And i n  f u t u r e ,  t h e . a l 1 - d i g i t a l  
s t u d i o  w i  11 improve these  f i g u r e s .  

The s t u d i o  s i g n a l s  may feed a t r a n s m i t t e r  d i r e c t l y ,  v i a  t e r r e s t r i a l  
microwave, a ne twork  o r  a t  l e a s t  an STL, o r  v i a  a combina t ion  o f  microwave 
and s a t e l l i t e  l i n k s .  
d e s i g n  o r  c o n t r a c t u a l  deci  s ions ,  -bandwidth,  number and f requenc ies  o f  
a u r a l  s u b - c a r r i e r s ,  fade margins,  d i v e r s i t y  r e c e p t i o n ,  and so f o r t h .  
T y p i c a l  a t  t h e  t r a n s m i t t e r  i n p u t  would be an SNR r a n g i n g  from 48 t o  52 dB, 
a K - f a c t o r  between 2 and 3, and r e s o l u t i o n  o f  450 t o  500 l i n e s .  But now 
t h e  r e a l  d e t e r i o r a t i o n  s e t s  i n .  

The o v e r a l l  q u a l i t y  would depend on a number o f  

The 6 MHz r.f. channel bandwidth used f o r  NTSC i s  a s e r i o u s  COIISLI dinl:, 
and r e q u i r e s  t h e  v ideo  bandwidth t o  be reduced t o  a maximum 4.2 MHz, 
r e s u l t i n g  i n  no b e t t e r  t han  335 l i n e s  o f  r e s o l u t i o n .  The t r a n s m i t t e r  
n o i s e  f l o o r  i s  o n l y  48 t o  50 dB below t h e  v ideo,  and t h e  b e s t  K - f a c t o r  
a t t a i n a b l e  i s  about 2 t o  3 pe rcen t .  The r.f. t r a n s m i s s i o n  i s  t h e r e f o r e  
between about  46 t o  50 dB SNR, w i t h  a K - f a c t o r  o f  3-5% and 335 l i n e s  
r e s o l  u t i o n ,  b u t  even t h e  p r o f e s s i o n a l  qual i t y  t r a n s m i t t e r  demodulator can 
recove r  o n l y  some 320 l i n e s  a f t e r  t r a p p i n g  o u t  t h e  a u r a l  c a r r i e r .  

The t y p i c a l  r e c e i v e r  may recover  t h e  o f f - a i r  s i g n a l  d i r e c t l y ,  a long w i t h  
whatever d e t e r i o r a t i o n  due t o  no i se ,  g h o s t i n g  o r  i n t e r f e r e n c e  t h e  d i r e c t  
p a t h  p rov ides .  However, i n  Canada a t  l e a s t ,  t h e  m a j o r i t y  o f  r e c e i v e r s  a r e  
connected t o  cable-TV systems, and ve ry  f r e q u e n t l y  w i t h  dev ices  i n t e r p o s e d  
between cab1 e system s u b c r i  b e r  t e r m i  n a l  and t h e  r e c e i  v e r  i t s e l  f. 
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As a c o n s u l t i n g  engineer, I had frequent o p p o r t u n i t i e s  t o  measure t h e  
performance o f  cable-TV systems. On average, i n  my opinion, the  s i g n a l  
d e l i v e r e d  t o  the  t y p i c a l  subscr iber  would vary i n  SNR from 40 t o  50 dB, 
w i t h  a K- factor  o f  4 t o  6% and r e s o l u t i o n  o f  300 t o  320 l i n e s .  The 
r e c e i  ver accessor ies , -converter,  pay-TV descrambl e r  or  "address box" 
would have a wide range o f  e f f e c t s ,  and f r e q u e n t l y  would reduce SNR by one 
o r  two dB, add about one % t o  K- factor ,  and lower r e s o l u t i o n  by perhaps 25 
1 ines.  

The r e c e i v e r  i t s e l f ,  i n  order  t o  reduce co lour  c ross ta lk ,  u s u a l l y  r o l l s  
o f f  6 dB from maximum response a t  co lour  subcar r ie r ,  3.58 MHz, and 
d e l i v e r s  a degraded p i c t u r e  o f  from 200 t o  250 l i n e s  r e s o l u t i o n ,  w i t h  a 
bad K-factor,  and SNR i n  t h e  35 t o  50 dB range. 
overshoots t o  improve the  d e t a i l  s u b j e c t i v e l y ,  a l s o  adds noise t o  the  
p i c t u r e .  Colour s a t u r a t i o n  on the r e c e i v e r  i s  low because o f  the  lowered 
response near co lour  subcar r ie r ,  and s a t u r a t i o n  must be increased, adding 
considerable no ise t o  the co l  our  d i  sp l  ay. 

Video peaking, which adds 

None o f  us can be very proud o f  the p i c t u r e  d e l i v e r e d  a t  the  end o f  the  
e l e c t r o n i c  highway. 
which s t a r t e d  the  journey. 

It i s  v a s t l y  i n f e r i o r  t o  t h e  s t u d i o  q u a l i t y  p i c t u r e  

And now we are promised s u b s t a n t i a l l y  improved p i c t u r e s  a t  the  source, 
enhanced d e f i n i t i o n ,  and h i g h - d e f i n i t i o n  TV. We are a l s o  being o f f e r e d  
a l t e r n a t i v e  methods o f  t r a n s p o r t i n g  our p i c t u r e s  t o  the  home, and some o f  
these can avoid the  major c o n s t r a i n t  imposed by t h e  6 MHz r.f. channel 
bandwidth. 

I n  some count r ies  which have not y e t  e x p l o i t e d  t h e  UHF-TV band, i t  .would 
be p o s s i b l e  t o  increase channel bandwidths a t  UHF. This however, would 
c a l l  f o r  a specia l  breed o f  rece ivers ,  a t  increased cost ,  w i t h  dual - 
bandwidth I.F.'s f o r  convent ional  and f o r  wide-band TV, and probably  
requi  r i  ng a sp l  i t  -sound desi gn. 

The d i  r e c t  -broadcast i  ng sate1 1 i t e  (DBS) o f f e r s  a rea l  o p p o r t u n i t y  f o r  
improvement, even on NTSC standards. The s a t e l l i t e  l i n k s  are no th ing  more 
than a d d i t i o n a l  microwave hops, a l b i e t  long ones, and the  Region 2 12 GHz 
p l a n  prov ides f o r  FM t ransmiss ion i n  24 MHz channels. The s igna l  reaching 
t h e  e a r t h  s t a t i o n  rece iver  t h e r e f o r e  can r e t a i n  the  qual i t y  t y p i c a l l y  
d e l i v e r e d  t o  our t e r e s t r i a l  TV t r a n s m i t t e r s .  Baseband video and audio can 
be prov ided d i r e c t l y  i n t o  the  video and audio c i r c u i t r y  o f  component-style 
receivers.  No doubt, though, an r.f. modulator w i l l  a l s o  be needed so as 
t o  feed an r.f. s ignal  i n t o  rece ivers  not  so equipped. We w i l l  be hear ing 
l a t e r  i n  t h e  session, f rom Mr. Whitworth and Mr. Gressman, c u r r e n t  
i n f o r m a t i o n  on plans f o r  DBS, and from M r .  Chouinard on the  p i c t u r e  
qual i t y  a t t a i n a b l e  over  DBS i n  the  presence o f  in te r fe rence.  

Though t h e r e  are some d i f f i c u l t i e s  i n  i n c o r p o r a t i n g  wider-band HDTV 
channels i n t o  the  e x i s t i n g  Region 2 DBS Plan, these are not  insurmount- 
able,  and co-operat ive a c t i o n  on the  p a r t  o f  a t  l e a s t  the  count r ies  of 
North America can be an t ic ipa ted .  

The 12.2-12.7 GHz band i n  the  I T U  t a b l e  o f  a l l o c a t i o n s  t o  be used here f o r  
DBS a l s o  prov ides f o r  t e r r e s t r i a l  broadcast ing.  However, on ly  i n  f a i r l y  
l a r g e  count r ies  which do not i n s t i t u t e  DBS i s  t h e r e  'any chance t h a t  
t e r r e s t r i a l  a1 t e r n a t i  ves would be possible.  
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There a r e  o t h e r  s a t e l l i t e  bands 22.5 t o  23 GHz and 40.5 t o  42.5 GHz 
a1 1 ocated f o r  Broadcast ing Sate1 1 i tes,  a1 ong w i t h  o ther  serv ices,  and i t  
i s  thought t h a t  t h e  former band o f f e r s  a good a l t e r n a t i v e  f o r  HDTV 
d i s t r i b u t i o n  i n c l u d i n g  a l l  - d i g i t a l  serv ice,  desp i te  the  problems 
associated w i t h  a t t e n u a t i o n  due , to  r a i n f a l l  a t  these frequencies.  

Consider ing cable a l t e r n a t i v e s  f o r  wider-band channels, FM i s  a l ready used 
f o r  cable t r a n s p o r t a i o n  o f  c e r t a i n  s igna ls ,  and it would be poss ib le  t o  
p r o v i d e  a subscr iber  s e r v i c e  u s i n g  FM. This could be compat ib le w i t h  t h e  
12 GHz FM DBS s ignals .  However, i n  most instances, a second cable would 
be necessary, w i t h  costs  being very high. Present s i n g l e  cable systems 
have t h e  c a p a c i t y  f o r  some f i f t y  6 MHz channels, and could prov ide 
i n i t i a l l y ,  a means t o  d e l i v e r  improved s i g n a l s  us ing  MAC technology. But 
i n  North America, a t  l e a s t ,  our o f f - a i r  broadcast ing spectrum i s  c lose t o  

Broadcasters would need t o  r e t a i n  t h e i r  f reauencies f o r  s a t u r a t i o n  
compati b l  e 
non -cornpa t 
would need 
t h e  p u b l i c  
networks . 

NTSC s ignal  s , and a d d i t i o n a l  channel s f o r  a simultaneous , 
b l e  MAC-type s e r v i c e  are s imply not  a v a i l a b l e .  Such s i g n a l s  
t o  be prov ided d i r e c t l y  t o  cable headends f o r  d i s t r i b u t i o n  t o  
o r  a1 t e r n a t i v e l y ,  could use DBS or  sate1 1 i t e - t o - c a b l e  

Regarding he capabi l  i t y  o f  present cable system designs t o  t r a n s p o r t  
b e t t e r  d e f i n i t i o n  s i g n a l s  w i t h  minimum d e t e r i o r a t i o n ,  we w i l l  be addressed 
by I s r a e l  ( S r u k i )  Swi tzer  dur ing  t h i s  session. Mr.  Switzer has been 
i n v o l v e d  a t  t h e  cut t ing-edge o f  technology i n  cable system design f o r  many 
years. 

F i b r e  o p t i c s  show grea t  promise. Mr.  Tsuboi w i l l  be descr ib inq  
advancements i n  t h i s  technology, p a r t i c u l a r l y  f o r  the  d i s t r i b u t i o n  o f  
HDTV. 

Up t o  t h e  present,  v ideocasset tes and v ideodiscs f o r  the  home have not 
been designed t o  reproduce q u a l i t y  l e v e l s  s u b s t a n t i a l l y  d i f f e r e n t  from 
those a v a i l a b l e  through t e r r e s t r i a l  o f f - a i r  networks. Some do o f f e r  
s te reo  sound, b u t  l i t t l e  i f  any p i c t u r e  q u a l i t y  improvement. However, 
t h e r e  i s  no major obstac le ,  p a r t i c u l a r l y  i f  an i n t e r n a t i o n a l  standard 
emerges, t o  t h e  p r o v i s i o n  o f  b e t t e r  q u a l i t y  magnetic o r  o p t i c a l  record ings 
f o r  home use. Programs on these media could not rep lace broadcast ing,  bu t  
cou ld  supplement t h e  choices a v a i l a b l e  t o  viewers. 

The a l l - d i g i t a l  s t u d i o  prov ides the  key f o r  t h e  generat ion o f  very h igh  
q u a l i t y  s igna ls .  Poss ib ly  ten  years down the  road, the e l e c t r o n i c  highway 
w i l l  p rov ide  f o r  t r a n s p o r t a t i o n  o f  such s i g n a l s  t o  t h e  home, us ing 
s a t e l l i t e  o r  s a t e l l i t e  t o  o p t i c a l  cable d i s t r i b u t i o n ,  and t h e  a l l - d i g i t a l  
r e c e i v e r  w i l l  emerge as the  eventual winner o f  the q u a l i t y  race. Mr. 
Lumbrink w i l l  be p r o v i d i n g  us i n f o r m a t i o n  on d i g i t a l  development work a t  
B e l l  Northern Research. 

As t h e  t o t a l  revenues a v a i l a b l e  f o r  t e l e v i s i o n  expand, those based on 
a d v e r t i s i n g  are being supplemented more and more by those based on 
s u b s c r i p t i o n ,  and encryp t ion  methods become o f  g rea ter  i n t e r e s t .  Mr.  
K e i t h  Lucas w i l l  be d e s c r i b i n g  techniques i n  t h i s  f i e l d .  

To summarize, F igure I 1  l i s t s  the  present ly- recognized d i s t r i b u t i o n  
a l t e r n a t i v e s ,  together  w i t h  t h e i r  main a t t r i b u t e s .  It can be seen t h a t  we 
have l i t t l e  o p p o r t u n i t y  f o r  major improvement i n  any o f  the  schemes 
i n v o l v i n g  o f f - a i r  t e r r e s t r i a l  6 MHz channels, and our crowded broadcast ing 
spectrum o f f e r s  l i t t l e  o p p o r t u n i t y  t o  reach the  home using a l t e r n a t i v e  

189 



t e r r e s t r i a l  o f f - a i r  t ransmiss ions.  S a t e l l i t e s ,  e i t h e r  by d i r e c t  
broadcast ing,  o r  by s a t e l l i t e - t o - c a b l e  networks show promise, and o p t i c a l  
f i b r e s  may we l l  surpass coax ia l  cable as the  p r e f e r r e d  l o c a l  t e r r e s t r i a l  
d i s t r i b u t i o n  network. 

Off  - a i r  

Off-air  to cable 

Microwave or Sat- 
ell ite to cable 
DBS - remodulated 

DBS-direct video 

Cassette or Disc 

However, g iven  t h e  smart r e c e i v e r ,  and i n  p a r t i c u l a r  t h e  d i g i t a l  frame 
s t o r e  i n  t h e  r e c e i v e r ,  our  o p p o r t u n i t i e s  expand s u b s t a n t i a l l y ,  s ince  some 
o f  t h e  obs tac les  imposed by t h e  6 MHz channel can be avoided. 

6 

6 

6 

6 
I 

-* 

F i g u r e  I I 1  summari zes our  f u t u r e  d e l  i very o p t i o n s  us ing  enhanced qua1 i t y  
techniques. It would appear t h a t  q u a l i t y  can be improved t o  any e x t e n t  
t h a t  t h e  market w i l l  permi t .  The s o p h i s t i c a t i o n  and t h e  pocketbook 
home viewer w i l l  determine the  l e v e l ,  and .not t h e  l i m i t a t i o n s  o f  

o f  t h e  

techno1 ogy . 
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FIGURE I 1 1  
FUTURE DELIVERY OPTIONS 
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