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A broad examinat ion has been undertaken o f  the  market requirements f o r  
d i s t r i b u t i o n  t o  the  home v i a  s a t e l l i t e  o f  t e l e v i s i o n  programming and 
o t h e r  serv ices .  While extens ive d iscuss ion  has taken p lace  on t h e  
needs f o r  D i r e c t  Broadcast S a t e l l i t e  (DBS), the format  se lected must 
be capable o f  d i s t r i b u t i o n  on Cable (CATV) , through S a t e l l i t e  Master 
Antenna T e l e v i s i o n  Systems (SMATV) f o r  mu1 t i p l e  f a m i l y  dwe l l ings ,  and 
v i a  UHF t e r r e s t r i a l  broadcast. Commercial cons idera t ions  r e q u i r e  hard  
encryp t ion  o f  t h e  audio and data, and hard scrambl ing o f  t h e  v ideo, 
combined w i t h  broad addressing and t i e r i n g  capabi 1 i t i e s ,  impul se 
pay-per-view, personal messages, t e l e t e x t  f a c i l i t i e s ,  and p o t e n t i a l  
expansion f o r  extended d e f i n i t i o n  t e l e v i s i o n .  These requirements are 
added t o  t h e  bas ic  e s s e n t i a l s  o f  p i c t u r e  and sound q u a l i t y  equal t o ,  
o r  b e t t e r  than, serv ices p r e s e n t l y  provided. 

Dur ing the  p a s t  two years a t ransmiss ion format meet ing these market 
needs has been developed. The decoding hardware f o r  bo th  p ro fess iona l  
and consumer use i s  c u r r e n t l y  be ing  reduced t o  a s e t  o f  i n t e g r a t e d  
c i r c u i t s  scheduled f o r  complet ion i n  l a t e  1984. The f o l l o w i n g  i s  a 
d iscuss ion  o f  some o f  the  avenues t h a t  were examined, a b r i e f  
d e s c r i p t i o n  o f  t h e  f i n a l  system selected,  and some o f  the  r a t i o n a l e  
f o r  t h i s  choice.  

A NEY FORMAT 

The i n i t i a l  impetus f o r  the  development o f  t h e  system came from two 
d i r e c t i o n s :  ( 1 )  the  i n v e s t i g a t i o n  o f  an improved format  f o r  DBS 
t ransmiss ion and ( 2 )  a p a r a l l e l  e f f o r t  i n v e s t i g a t i n g  means t o  secure 
s i g n a l s  f o r  pay t e l e v i s i o n  which i s  f a s t  becoming a m u l t i - b i l l i o n  
do1 1 a r  i n d u s t r y .  

Th is  requirement f o r  scrambled s i g n a l s  which a r e  by d e f i n i t i o n  
non-standard and the  i n t r o d u c t i o n  o f  a complete ly  new d i r e c t  
broadcast s a t e l l i t e  serv ice  has presented the  r a r e  o p p o r t u n i t y  f o r  
the  commercial success o f  a new s igna l  format. 

Both NTSC and PAL were designed f o r  Ampli tude Modulat ion (N) 
t ransmiss ion w i t h  the NTSC s p e c i f i c a t i o n  f i n a l i z e d  i n  1953, f o u r  years 
be fore  the f i r s t  Sputnik s a t e l l i t e  was launched. FM t ransmiss ion v i a  
s a t e l l i t e  was n o t  s e r i o u s l y  contemplated a t  t h a t  t ime. 

I n  a marketplace d r i v e n  i n  p a r t  by t h e  need t o  reduce d i s h  s ize ,  
no ise  i n  t h e  s igna l  i s  o f  g r e a t  importance. With AM t ransmiss ion 
noise i s  r e l a t i v e l y  f l a t  i n  r e l a t i o n  t o  frequency (F ig.1)  whereas FM 
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n o i s e  i s  t r i a n g u l a r ,  i n c r e a s i n g  w i t h  frequency (F ig .2 ) .  The human eye 
perce ives a n o i s e  c h a r a c t e r i s t i c  t h a t  i s  b a s i c a l l y  t h e  opposi te  and 
complementary t o  t h e  t r i a n g u l a r  FM no ise  w i t h  v i s i b i l i t y  o f  n o i s e  
maximized a t  lower  f requencies (F ig .3 ) .  Th is  opt imal  r e l a t i o n s h i p  o f  
FM and human p e r c e p t i o n  i s  n o t  t h e  case w i t h  t h e  NTSC o r  PAL 
t e l e v i s i o n  systems, which frequency mu1 t i p l  ex t h e  c o l o u r  i n f o r m a t i o n  
on a s u b c a r r i e r  a t  t h e  r e l a t i v e l y  h i g h  f requencies o f  3.58 MHz and 
4.43 MHz r e s p e c t i v e l y .  

When t h e  c o l o u r  i s  demodulated down t o  baseband f o r  d i s p l a y ,  t h e  h i g h  
ampl i tude no ise  which was present  on t h e  h i g h  frequency s u b c a r r i e r  i s  
conver ted t o  low frequency no ise  and becomes much more v i s i b l e  (F ig .4 ) .  

DIGITAL SATELLITE TRANSMISSION 

A number o f  methods have been explored t o  improve s a t e l l i t e  
t ransmi s s i o n  i n c l  u d i  ng t h e  devel opment o f  a1 1 - d i g i t a l  t ransmi ss ion  
systems. These have been seen t o  y i e l d  e x c e l l e n t  q u a l i t y  a t  t h e  
r e c e i v i n g  p o i  n t  , i n  some cases p r o v i  d ing  qua1 i t y  essent i  a1 l y  
e q u i v a l e n t  t o  t h a t  t ransmi t ted .  Due t o  the extremely h i g h  data r a t e s  
r e q u i r e d  f o r  v ideo , a1 1 - d i g i  t a l  t ransmiss ion  r e q u i r e s  compl ex and 
expensive equipment a t  the  r e c e i v e r .  Even w i t h  s t a t e - o f - t h e - a r t  
l a r g e - s c a l e  i n t e g r a t i o n ,  i t  4 s  doubt fu l  t h a t  a l l - d i g i t a l  t ransmiss ion 
c o u l d  be c o s t  e f f e c t i v e  f o r  use i n  t h e  home i n  t h e  1980's o r ,  
poss ib ly ,  w e l l  i n t o  the  1990's. 

MULTIPLEXED ANALOG COMPONENTS 

A h y b r i d  system has t h e r e f o r e  been se lec ted  which uses d i g i t a l  t rans-  
miss ion  techniques f o r  t h e  audio and data, combined w i t h  analog 
component v ideo.  T h i  s system known as Mu1 t i p l  exed Analog Components 
(MAC) was o r i g i n a l l y  developed f o r  sate1 1 i t e  t ransmiss ion  by t h e  
Independent Broadcast ing A u t h o r i t y  ( IBA) i n  the  U.K. The chrominance 
and luminance a r e  t r a n s m i t t e d  i n  a l i n e  by l i n e ,  t i m e  mul t ip lexed,  
r a t h e r  than frequency mu1 t i p l e x e d  mode ( F i g . 5 ) .  Numerous t e c h n i c a l  
papers have been publ ished d e t a i l i n g  t h e  m e r i t s  o f  sequent ia l  
chroma/l umi nance transmi ssion. 

AUDIO/VIDEO FOMAT OPTIONS 

For t h e  p a s t  y e a r  and one-hal f  t h e r e  has been a g r e a t  deal o f  
d iscuss ion  on t h e  C-MAC format,  b u t  t h e r e  a r e  t h r e e  o t h e r  bas ic  
o p t i o n s  open f o r  t h e  combining o f  data w i t h  video. These are descr ibed 
by t h e  m a t r i x  o f  frequency mu1 t i p l e x  o r  t ime mu1 t i p l e x  a t .  e i t h e r  
baseband o r  RF (F ig.6) .  

A-MAC 

A-MAC prov ides  a baseband frequency m u l t i p l e x  o f  t h e  audio and data on 
a s u b c a r r i e r  a t  approximately 7 Mhz ( F i g .  7 and 8 ) .  T h i s  prov ides the  
advantage o f  an extremely rugged da ta  channel , however, i t  has 
1 i m i t a t i o n s  on i t s  p o t e n t i a l  f o r  t h r e s h o l d  extens ion,  and bandwidth 
c o n s t r a i n t s  on v ideo f o r  extended d e f i n i t i o n .  
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D-MAC 

D-MAC employs frequency multiplexed da ta  a t  RF. With video centred a t  
70 Mhz, f o r  example, the da ta  m i g h t  be on a sepa ra t e  c a r r i e r  a t  
85 Mhz. Audio and video can be upl inked from sepa ra t e  loca t ions  and 
except iona l ly  h i g h  da ta  r a t e s  a r e  poss ib le ,  b u t  two receivers a r e  
required and interference problems a r e  r a i sed .  

C-MAC 

C-MAC time mul t ip lexes  the da ta  a t  RF (Fig.9)  providing i n  excess of 
20 megabits per second during the 9 microseconds t h a t  would otherwise 
be devoted t o  the horizontal  blanking period. One advantage i s  the 
efficiency of  direct demodulation from RF t o  d i g i t a l  d a t a  providing 
f o r  h i g h  da t a  r a t e s  f o r  up t o  8 audio channels.  Separate  demodulation 
of this da ta  i s  c o s t l y  and, i n  terms of  baseband bandwidth [Fig. lO),  a 
t ransmission channel i n  excess of 10 Mhz is  necessary f o r  app l i ca t ions  
such a s  cable o r  SMATV. 

B-MAC time multiplexes the audio and da ta  a t  baseband us ing  a m u l t i -  
level code dur ing  the 9 microsecond "horizontal  blanking" period 
(F ig .11 ) .  The video is  e s s e n t i a l l y  iden t i ca l  t o  C-MAC b u t  the 
bandwidth of the system is  held t o  just over 6 Mhz by u t i l i z i n g  the 
wide dynamic range of the t ransmi t ted  ''video'' signal f o r  mu1 tilevel 
da ta  ( F i g . 1 2 ) .  T h i s  provides a sa te l l i te  s ignal  t h a t  can a l s o  be used 
f o r  cab le ,  SMATV, t e r r e s t r i a l  microwave o r  UHF broadcast  without the 
need f o r  decoding a t  an in te rmedia te  d i s t r i b u t i o n  poin t .  

In Sa te l l i t e  Master Antenna Telev is ion  (SMATV) app l i ca t ions ,  f o r  
example, the B-MAC s ignal  can be received from the s a t e l l i t e  and 
passed d i r e c t l y  through a cable  system w i t h i n  the b u i l d i n g  f o r  
subscr iber  access  control  a t  each individual  t e l e v i s i o n  set. T h i s  a l s o  
provides the po ten t i a l  f o r  h i g h  q u a l i t y  red, green and blue s i g n a l s  
f o r  the t e l e v i s i o n  d isp lay  combined w i t h  d i g i t a l  s t e r e o  audio directly 
t o  each viewer. 

Compared w i t h  C-MAC, B-MAC has the somewhat lower da t a  rate of 1.8 
megabits per second b u t  i t  has many advantages over  C-MAC inc luding  
i t s  compatabil i t y  w i t h  conventional video t ape  recorders  and 
demodul a t i o n  w i t h  one conventional 1 ow c o s t  sa te1  1 i t e  receiver. I t  
a l s o  r e t a i n s  compatabi l i ty  w i t h  future extended d e f i n i t i o n  systems 
using wider bandwidths (Fig.13) .  

DIGITAL SYNC 

Sync i s  extremely rugged, ye t  i t  requires .2% of the t o t a l  time a s  
opposed t o  over 20% required f o r  NTSC o r  PAL ( F i g  .14). Sync i s  carried 
on one line i n  the v e r t i c a l  i n t e rva l  a s  a highly redundant d i g i t a l  
word and provides  f o r  rece iver  lockup a t  0 dB carrier t o  noise.  T h i s  
will a s s i s t  the amateur i n  d i s h  set-up and s a t e l l i t e  signal 
a c q u i s i t i o n ,  and provide picture con t inu i ty  under the most adverse 
recept ion condi t ions .  
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Through elimination of the tradit ional sync pulses and both the 
colour and audio subcarriers, FM deviation i n  the channel, IF  f i l t e r s ,  
and the pre-emphasis/de-emphasis networks can a1 1 be optimized to  
yield excellent results.  Smaller s a t e l l i t e  receiving dishes or 
improved performance i s  achieved. 6-MAC i s  a l so  uneffected by most 
non-1 i neari t i e s  i n  the transmission channel . 
Further significant reductions i n  d i s h  size can be achieved by 
reducing the video bandwidths and data rates for applications, for 
example, where "video cassette qua1 i ty" pictures and 2-channel stereo 
sound are considered viable. 

Standard NTSC or PAL sate1 1 i t e  receiving equi pment i ncl udi  ng d i  shes, 
low noise converters, receivers, and television se t s  can be used w i t h  
the B-MAC system. Certain portions of this chain will be lower cost 
and , have improved performance when the i r  design i s  optimized for  
B-MAC. Of the systems studied, B-MAC yields the lowest cost s a t e l l i t e  
distribution system (Fig.15). 

B-MAC ADVANTAGES 

In summary, the principal advantages o f  the B-MAC system are: 

a )  a component system eliminating cross luminance and cross colour 
effects ;  

b )  colour noise is  reduced; 
c )  colour bandwidth increased; 
d )  red, green, blue signals are avai 

d i  spl ay ; 
e) rugged, t r u l y  digital  sync; 
f )  improved threshol d extension techn 

subcarriers are eliminated; 
g )  d i s h  s ize  i s  reduced. 

able for improved television 

ques can be applied when a l l  

VIDEO SCRAMBLING 

Scrambling o f  the analog video signal can be done i n  two basic ways. 
The amplitude of the signal can be varied or the video can be 
re-arranged i n  relation to time. 

The most elementary scrambling system i s  sync suppression (or sync 
denial) which has been used for many years i n  the cable television 
industry i n  North America. Even i n  a controlled distribution cable 
environment, piracy of signals w i t h  many of the sync suppression 
systems runs h i g h .  W i t h  minor modification, some of the more 
sophisticated new television se t s  are capable of p rov id ing  a locked 
picture i n  the absence of traditional sync pulses thereby 
automatically defeating such systems. 

Sync suppression and sync denial are considered t o  be inadequate for  
s a t e l l i t e  distribution i f  any level o f  controlled access i s  t o  be 
maintained even for the short term. 
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The more soph is t i ca ted  scrambling methods inc lude video invers ion,  
l i n e  reversa l ,  l i n e  segmentation o r  l i n e  r o t a t i o n ,  l i n e  s h u f f l i n g  
using a f i e l d  store,  and l i n e  t rans la t i on .  

Video Inversion 

Video inve rs ion  i s  an amplitude system prov id ing  a r e l a t i v e l y  low 
order o f  secur i ty .  It i s  p a r t i c u l a r l y  subject  t o  n o n - l i n e a r i t i e s  i n  
the channel. Should there be black s t r e t c h  and wh i te  compression i n  
the channel when the  t ransmi t ted  video i s  inver ted,  t h i s  becomes black 
compression and whi te  s t re t ch  y i e l d i n g  an amplitude f l i c k e r  a t  the  
r a t e  o f  the change from inver ted  t o  non-inverted video (Fig.16). 

I n  general , a1 1 systems vary ing amp1 i tude have provided re1 a t i v e l y  1 ow 
secu r i t y  and, i n  some cases, low q u a l i t y .  

Line Shuffle 

Use o f  a f i e l d  s to re  a t  both the  t ransmi t  and rece ive  po in ts  t o  
re-organize the 1 i n e  sequence dur ing  t ransmission can prov ide h igh l y  
obscured p i c tu res .  E f f e c t i v e l y  p e r f e c t  recons t ruc t ion  o f  the  p i c t u r e  
can be achieved i n  the descrambler through knowlege o f  the  c o r r e c t  
l i n e  sequence. This  i s  p o t e n t i a l l y  a h igh-qua l i t y  scrambling system, 
b u t  i t s  cos t  w i l l  remain r e l a t i v e l y  high, p a r t i c u l a r l y  i n  l i g h t  o f  the 
requirement f o r  a random access memory i n  the  decoder. In tegra ted  
c i r c u i t s  f o r  f i e l d  s to re  use being developed today genera l l y  prov ide 
sequent ia l  access only.  

Line Segmentation 

L ine  segmentation o r  "1 i n e  r o t a t i o n "  scrambling i s  e s s e n t i a l l y  a 
technique where each l i n e  i s  d i v ided  i n t o  two segments which are  
interchanged i n  p o s i t i o n  f o r  t ransmission (Fig.17). Por t ions  o f  the  
l i n e  are repeated t o  mask the  e f f e c t s  o f  the ' lsp l ice" .  Using d i g i t a l  
sampling, the l i n e s  are reconstructed i n  the  descrambler w i t h  the  
repeated p o r t i o n  o f  the l i n e  around the sp l i ce  discarded. This  system, 
and v a r i a t i o n s  o f  it, place excessive demands on spec i f i ca t i ons  such 
as l i n e a r i t y ,  l i n e  tilt, and frequency response i n  the  var ious  
equipment i n  the  transmission chain. 

L ine  tilt i n  the  order o f  3% t o  5% i s  usua l ly  no t  v i s i b l e  t o  the human 
eye because o f  the  gradual change across the p i c t u r e  (Fig.18). When 
even 1% tilt i s  added t o  a segmented l i n e  s ignal  dur ing transmission, 
the  reconst ructed p ic tu res  are v i s i b l y  unacceptable (F ig .  19 and 20). 
When descrambled, the  tilt becomes a dc l e v e l  s h i f t  i n  the p i c t u r e  
which changes from l i n e  t o  l i n e  as the scrambling pa t te rns  change, and 
manifests i t s e l f  as h igh l y  v i s i b l e  low frequency noise (Fig.21).  A 
t o t a l  system l i n e  tilt s p e c i f i c a t i o n  o f  .3% i s  requ i red  t o  provide 
acceptable video. This  def ines a very basic r u l e  about video: the 
clamp-to-video t im ing  re la t i onsh ip  must be he ld  constant.  
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Should a segmented l i n e  p i c t u r e  be d i s t r i b u t e d  v i a  a v e s t i g i a l  
sideband (VSB) cable system, another impairment problem i s  
encountered. Any mistun ing a t  t he  rece iver  causes a boost o r  
a t t e n t u a t i o n  o f  t h e  low frequency component o f  the  s igna l  (Fig.22) 
thereby e f f e c t i n g  the step response o f  the  channel (Fig.23).  A low 
frequency t r a n s i t i o n  t h a t  i s  a r t i f i c i a l l y  created by l i n e  segmentation 
scrambling y i e l d s  a long overshoot o r  undershoot recovery pe r iod  which 
i s  v i s i b l e  i n  the  descrambled video and has no r e l a t i o n  t o  actual  
p i c t u r e  t r a n s i t i o n s  ( F i g  .24).  

Line Translation 

L ine  t r a n s l a t i o n  scrambling uses a ho r i zon ta l  t i m e - s h i f t  technique. 
The b lank ing  t ime i s  va r ied  on a l i n e - t o - l i n e  bas is  from a minimum o f  
zero t o  a maximum o f  two times the  normal b lank ing.  The clamp per iod  
i s  t i e d  t o  t h e  v ideo w i t h  t h a t  r e l a t i o n s h i p  he ld  constant  (Fig.25). 
Th is  1 i ne t rans1 a t i o n  , o r  " t ime basell scrambl i ng system r e d i  s t r i  butes 
the  p i c t u r e  i n fo rma t ion  i n  t ime (Fig.26) , y i e l d i n g  a scrambled p i c t u r e  
t h a t  i s  t o t a l l y  obscure, y e t  can be reconst ructed i n  the  descrambler 
t o  a h igh -qua l i t y  p i c t u r e  w i t h  no v i s i b l e  o r  measurable degradat ion o r  
a r t i f a c t s  re1 a t i  ng t o  the  scrambl i ng technique. 

The scrambling i s  dynamic i n  t h a t  t he  pa t te rns  are changed every 
frame. A b e n e f i t ,  apa r t  from c o n t r o l l i n g  v iewer access, i s  the 
decorre l  a t i o n  o f  t ransmission channel i n te r fe rence  pa t te rns  when the  
p i c t u r e s  are  descrambled. The on ly  t h i n g  asked o f  the  t ransmission 
channel i s  t h a t  i t  be r e l a t i v e l y  t ime i n v a r i a n t  f o r  approximately 100 
microseconds, a s p e c i f i c a t i o n  e a s i l y  met by every normal channel 
today. 

B-MAC format  decoding, 1 i n e  t r a n s l a t i o n  descrambl ing,  o r  bo th  
together,  r e q u i r e  a maximum o f  th ree  TV l i n e s  o f  storage. While 
p rov id ing  bo th  h igh  secu r i t y  and h igh  q u a l i t y ,  the  cos t  i s  low and i t  
i s compati b l  e w i  t h  CCD techno1 ogy ( F i g  .27 ) . The video descrambl e key 
i s  encrypted us ing  the  data encryp t ion  standard (DES) a lgor i thm and i s  
i n te r l eaved  w i t h  o ther  in fo rmat ion  i n  the  d i g i t a l  data channel. 

Data Channel 

The d i g i t a l  data channel inc ludes  audio, addresses, the data 
decrypt ion key, v ideo descramble key, personal message data, and f u l l  
f i e l d  data as an opt ion.  The system suppl ies h i - f i d e l i t y  d i g i t a l  
s tereo sound which can be connected t o  the  v iewers'  standard h i - f i  
sound system. 

Four-Channel Digi tal  Audio 

B-MAC has been designed w i t h  a four-channel d i g i t a l  audio system w i t h  
31.4 Khz o r  31.2 KHz ( two t imes the  TV l i n e  frequency) d i g i t a l  
sampling. A new enhanced d e l t a  modulat ion technique y i e l d s  a dynamic 
range a t  the  descrambler g rea ter  than 84 dB and very gen t le  f a i l u r e  
under low c a r r i e r  t o  no ise r a t i o  recept ion  cond i t ions .  The audio i s  
encrypted t o  t h e  data encryp t ion  standard (DES). Th is  encrypt ion 
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a lgor i thm i s  app l ied  on a b i t - b y - b i t  bas is  w i t h  the  decrypt ion keys 
and codes changing a t  i r r e g u l a r  i n t e r v a l s .  Th is  prov ides dynamic DES 
encrypt ion f o r  the  h ighest  secu r i t y  commercially ava i lab le .  

A data channel w i t h  94 K b i t s  per  second i s  standard. Any audio 
channel can be assigned t o  data t ransmission and recept ion,  each 
channel p rov id ing  320K b i t s  per  second. F u l l  f i e l d  data i s  a l so  
ava i l ab le  by rep lac ing  the  p i c t u r e  w i t h  d i g i t a l  in fo rmat ion .  Th is  
y i e l d s  an add i t i ona l  10.8 m i l l i o n  b i t s  per second. 

Addressing 

The addressing technique provides f o r  up t o  f o u r  b i l l i o n  addresses 
w i t h  redundancy f o r  re1 i a b l  e recept ion.  This h igh  number o f  addresses 
provides f o r  e f f e c t i v e l y  i n f i n i t e  t i e r i n g .  Addressing i s  a t  the  r a t e  
of one m i l l i o n  per hour. E f f e c t i v e l y  i n s t a n t  (1 /4 second) access i s  
provided t o  a1 1 author ized programs when the subscr iber  switches 
channels. The decoders are generic, and are capable o f  being addressed 
by any one o r  a l l  program d i s t r i b u t o r s  using the  system, depending on 
t h e i r  des i re  t o  reach each i n d i v i d u a l  viewer. 

Text Services 

Te le tex t  i s  an i n t e g r a l  p a r t  o f  t he  B-MAC system w i t h  200 pages o f  
encrypted o r  c l e a r  t e x t  ava i l ab le  t o  a l l  o r  any s p e c i f i c  user w i t h  20 
seconds access. Uses inc lude f i l m  s u b - t i t l e s  as a user opt ion,  sub- 
t i t l e s  f o r  the  deaf, general and personal messages, program guides, 
cu r ren t  t i e r i n g  and parental  l ock  in fo rmat ion  and i n d i v i d u a l  account 
s ta tus  f o r  monthly and pay-per-view b i l l i n g  i nc lud ing  presentat ion o f  
the  b i l l  i t s e l f .  

Sumnary 

The B-MAC transmission, scrambling and encrypt ion system employs a 
s a t e l l i t e  opt imized format; h i g h l y  secure y e t  low-cost scrambling; a 
h igh  data channel capaci ty;  v i r t u a l l y  un l  i m i  t e d  addressing; 
f a c i l i t i e s  f o r  pay-per-view programming and i n f i n i t e  t i ek ing ;  
mu1 t i -channel  d i g i t a l  audio; and hard encrypt ion.  Personal messages 
can be sent t o  any i n d i v i d i a l ,  group, o r  t o  a l l  r ece i v ing  po in ts .  
Red, green, b lue  video i s  a v a i l a b l e  along w i t h  baseband NTSC or PAL 
and RF channel outputs.  B-MAC provides exce l l en t  p o t e n t i a l  f o r  use o f  
two channels on one transponder and leaves the door open f o r  extended 
d e f i n i t i o n  techniques i n  the fu tu re .  

The c u r r e n t  implementation o f  t he  system i s  designed f o r  profess ional  
use a t  cab1 e headends, te le-conferenc ing,  and o the r  profess ional  
app l i ca t i ons  t o  the  525 l i n e  standard. The technology i s  a lso  being 
implemented as a s e t  o f  custom in teg ra ted  c i r c u i t s  f o r  bo th  525 and 
625 l i n e  standards (Fig.28). These custom ICs and o the r  components 
w i l l  be c a r r i e d  on a p r i n t e d  c i r c u i t  board approximately 6 inches by 9 
inches and w i l l  be i nse r ted  i n t o  c e r t a i n  s a t e l l i t e  rece ivers  and 
become i n t e g r a l  t o  the  design o f  o thers (Fig.29). Sample q u a n t i t i e s  o f  
t h i s  decoding equipment w i l l  be ava i l ab le  l a t e  t h i s  year,  w i t h  
product ion q u a n t i t i e s  ava i l ab le  i n  the  f i r s t  h a l f  o f  1985. 
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Amplitude (dB) 
AM Noise 

Video 

0 3.58 MHz Freq 

Fig. 1. With AM transmission, noise is relatively flat in relation to frequency. 

Amplitude (dB) 

f FM Noise 

I Video 

0 3.58 ‘M H z Freq 

Fig. 2. With FM transmission, noise is triangular, rising with the frequency. 

Amplitude (dB) HUMAN EYE NOISE RESPONSE 

Video 

0 3.58 -M Hz Freq 

Fig. 3. The human eye perceives a noise characteristic which is essentially triangular 
decreasing with the frequency. 
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Amplitude (dB) 

Frequency 
Multiplex 

COLOUR RECOVERY 
FROM THE SUBCARRIER 

Time 
Multiplex 

SUBCARRIER 

0 Frequency 3.58 MHz 

Fig. 4. Chroma demodulation converts high-frequency, high-amplitude noise into 
more visible low-frequency, high-amplitude noise. 

MAC FORMAT 

Luminance 100 

Fig. 5. €hrominance and luminance are time compressed and transmitted in a sequen- 
tial format on each TV line. 

FORMAT OPTIONS FOR DATA 
COMBINED WITH VIDEO 

Baseband 

Fig. 6. Matrix of four possible format options. 
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1 A-MAC FORMAT 

- 

C-MAC FORMAT 

Luminance f 100 

4 One TV Line w 

Data 

Luminance 

I------ OneTV Line -I 

f 
130 
IRE 

1 
Fig. 7. A-MAC provides a baseband frequency multiplex of the audio and data on a 
subcarrier. 

A-MAC BASEBAND FREQUENCIES 

Amplitude 

Digital Data 
Subcarrier 

Time Sequential 
Luminance and 

Chroma 

0 I I I I I 
0 1 2 3 4 5 6 7 8  

Frequency (MHz) 

Fig. 8. Luminance and chroma occupy approximately 6 MHz with a digital data 
subcarrier at 7.16 MHz. 

I 

Fig. 9. C-MAC time multiplexes the data at RF with the baseband chroma and 
luminance on each TV line. 
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C-MAC BASEBAND FREQUENCIES 

Amplitude 
lOO0/0 

0 

Time Sequential 
Luminance and 

Chroma 

0 1 2  3 4 5 6 7 8 9 10 

Frequency (MHz) 

Fig. 10. The C-MAC data burst of over 20 Mbitdsec requires over 10 MHz equivalent 
baseband bandwidth. 

B-MAC FORMAT 

Multi Luminance f 100 
Level 
Data 

I - One TV Line b 

1 
Fig. 11. B-MAC utilizes a multi-level code for data and time multiplexes this baseband 
signal with chroma and luminance. 

B-MAC BASEBAND FREQUENCIES 

Amplitude 
1 00 O/O 

Time Sequential 
Luminance Chroma 

and Data 

0 I I I I I 
0 1 2 3 4 5 6  

Frequency (MHz) 

:ig. 12. The baseband bandwidth of B-MAC is held to just over 6 MHz for data, 
:hrominance and luminance yet provides 1.8 Mbitslsec. 
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Fig. 16. Scrambling techniques which vary the amplitude or invert the video are 
subject to picture degradation due to transmission non-linearities. 

~~ 

LINE SEGMENTATION SCRAMBLING 

'C D'A B '  

Fig. 17. The line might be cut in any one of, say, 32 different positions with the line 
AB, CD transmitted as CD, AB. 

LINE TILT 
ADDED TO A NORMAL PICTURE 
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LINE TILT 
ADDED TO SCRAMBLED PICTURE 

c 

3% Differential 
Across Scrambled 

Picture 

t 
Segment 

C Two D 
4 

Segment 
A One B 

b- 

Fig. 19. Tilt is added during transmission to the scrambled line CD, AB. 

LINE TILT 
WHEN DESCRAMBLED 

Adjacent 
3% Differential 

Segment 
A One B C Two D 

Segment 

- 4  

Fig. 20. After descrambling tilt is no longer a picture edge-to-edge gradual function. 

DC LEVEL SHIFT WITH LINE TILT I I  

Adjacent 
Line to Line + 4 

+I I f -  I 1 Clamp Period 

Fig. 21. A visible degradation with line rotation techniques is the DC level shift created 
by moving the video in relation to the clamp. 
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VSB ERROR RESPONSE 

* 
250KHz 

Fig. 22. In a vestigial sideband system such as cable, any mistuning at the receiver 
causes a boost or attenuation of low-frequency components. 

STEP RESPONSE 

Fig. 23. Step response will vary as a function of vestigial sideband receiver mistuning. 

!A 
ORIGINAL 
N LINE 

SEGMENTED LINE A L q A  r L  
AFTER fyA (+L 

0*-- ,  
VSB ERROR 

! B C  \ 
\ DESCRAMBLED 

TV LINE - 
Fig. 24. Low-frequency transitions that are created by line segmentation scrambling 
yield a long overshoot or undershoot recovery period that has no relation to actual 
picture transitions. 
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LINE TRANSLATION SCRAMBLING - Clamp Period Tied to Video 

Video 
Relationship of the 

Clamp Period to Video 
is Constant 

Varied c- 

4 One TV Line 
I 

. . . . . - . - 

e 

Fig. 25. Line translation or “timebase” scrambling maintains the video line and 
clamping period intact. Blanking time is varied from a minimum from 0 to a maximum 
of Z X  normal. 

LINE TRANSLATION SCRAMBLING 
ORIGINAL “SCENE” ONE FIELD SCRAMBLED 

-- 

FOUR FIELDS SCRAMBLED ---.---I ---- - -- - -  - -- 

Fig. 26. Picture information is re-distributed in relation to time by the cumulative 
effect of reducing or expanding the horizontal blanking (data) period. The blanking 
(data) period is normal when averaged over each field. 
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VIDEO SCRAMBLING OPTIONS 

I Quality 

Sync Amplitude Line Line Line 
Denial Reversal Segmentation Shuffle Translation 

high low low? high high 

Security 

I high I $2 1 low I I cost I low I low 

low low high high high 

Fig. 27. Line translation scrambling presents the most viable opportunity for a high 
quality secure consumer product. 

ANALOG VIDEO IC SET 
KEYPAD 

Fig. 28. A block diagram of the CCD implementation of the B-MAC descrambling and 
decryption receiver. It is compatible with both 525- and 625-line systems. 

PROPOSED P.C. BOARD LAYOUT 

Ij OVERV 3 STORE rl AUDIO DEMUXI 
DATA DEMO0 

Fig. 29. Printed circuit board layout for the initial consumer implementation of the 
B-MAC system. 
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John Lowry started his career in television at the CBC in Toronto in 1952. In 
1961, he worked on the development of the first electronic editing system for 
videotape in cooperation with Ampex Corporation and Advertel Productions. 
Mr. Lowry spent 6 years in film production and was codeveloper of the Wesscam 
stabilizer for helicopter photography. In 1971 he developed the Image Trans- 
form signal processing and videotape-tojZrn conversion system. In I976 Mr. 
Lowry founded Digital Video Systems, where he has pioneered numerous aspects 
of digital television. Today he is a member of the corporate stasf of Scientific- 
Atlanta and Chairman of Digtal Video Systems. 
Mr. Lowry is a Fellow ofthe SMPTE and has six patents on video noise reduction, 
image enhancement and film recording systems, with others pending. 
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