
AN EXPANDABLE MICROWAVE NETWORK FOR MULTIMODE COMMUNICATIONSw-m

Dave Ingram,  K4TWJ
Eastwood  Village #I201 South
R t .  I I ,  B o x  4%
Birmingham, Alabama 35210

T h e  p r o j e c t e d n e t w o r k  d e s c r i b e d  i n  t h i s
paper was originally conceived with the purpose
of interlinking communities and cities on a broad-
band basis. Numerous other  capabi l i t ies,  how-
ever , were soon included to permit almost direct
compat ib i l i ty  wi th  future communicat ion expan-
sions. The resul tant  network is  h ighly  f lex ib le:
it may be instigated between adjoining communities
and/or  c i t ies, with additional networks being im-
p l e m e n t e d  i n  o t h e r  a r e a s  a n d  i n t e r l i n k e d  a s
desired. C o m m u n i c a t i o n  m o d e s  w h i c h  c a n  b e
handled by the network are limited only by users
d e s i r e s  a n d  t h e i r  r e s p e c t i v e  m o d e s . A  b a s i c
outline of the microwave network shown in Figure
I, and an overview of its operations follow.

Network Philosophy

The pr imary purpose of  the microwave net -
work is providing emergency communications
between areas or  c i t ies normal ly  separated by a
distance greater  than their  normal  2  meter  com-
munications range. Secondary communications
capabilities should be considered at  insta l lat ion
time, h o w e v e r ,  s i n c e  p a t h  l o s s e s  a n d  o v e r a l l
n e t w o r k  b a n d w i d t h  a r e  d i r e c t l y  r e l a t e d . The
n u m b e r  o f “ d u m b ”  o r “passive” microwave
repeaters w i l l  b e  d e t e r m i n e d  b y  d i s t a n c e  a n d
terrain between associated cities, each accepting
responsibility for their part of the link. Existing
2 meter repeater groups and councils can respect-
ively provide finances and frequency/code coordi-
nations. Two transceivers are shown connected
t o  e a c h  m i c r o w a v e  p o r t : o n e  p r e s e t  o n the
“primary” frequency and the other  scanning an
approximate I mHz range of the 2 meter band
(Exception : a l l  secondary t ransceivers realize
pr imary- f requency lockout) . “Secondary” trans-
ceivers are under microprocessor control ,- permit-
ting frequency scanning, spread spectrum opera-
tion, tone c o n t r o l  o f transceiver functions
(enable/disable, lockout, c o n n e c t  t o  m a i l b o x ,
e t c . ) . The network could in i t ia l ly  develop be-
t w e e n  a n y  t w o  m u t u a l l y - a g r e e a b l e  a r e a s  ( e a c h
p r e f e r a b l y  w i t h at least two local 2 meter
repeaters, since t h i s  w o u l d  c o n f i n e  c o s t s  o f
microwave link additions). Additional areas could
j o i n  t h e  e x i s t i n g n e t w o r k  b y  f i n a n c i n g their
respective part while exhibiting their benefits to
existing network users. A s s u m i n g  a  s i m i l a r
n e t w o r k  i s  a l s o  i n s t i g a t e d  i n  o t h e r  a n d  m o r e
systems may “grow” u n t i l  a n  o v e r a l l  n e t w o r k
m e r g e  i s  w a r r a n t e d  a n d  i n s t i g a t e d . Additional
networks may, likewise, grow and merge with the
exist ing system as desired. Further expansions
may include %purs’* and s u b n e t w o r k s  a s
desired.

Satellite Interlink-

Continuing
interlinking

t h e  n e t w o r k  a  s t e p  f u r t h e r ,
w i t h  t h e  O S C A R  P h a s e  I V  geosta-

tionary  satellites could provide full hemisphere -to
complete world coverage for compatible mode users
(projected date: 1986). T h e  o u t l i n e  f o r  this
concept is shown in Figure 2. OSCAR Phase Iv is
slated to include several concepts applicable fc)r
data communications. Some of these features are
dedicated channels p
ing .

tone controlling and mailbox-
In some instances, a  microwave network

port  may inter face w i t h  a n  O S C A R  e a r t h b a s e d
transponder. Other  t imes, a  s e p a r a t e  network.-
to-sate l l i te  earth based stat ion wi l l  be required.
T h e  c r i t e r i a  w i l l ,  n a t u r a l l y ,  b e  d e t e r m i n e d  b y
geographic locations of microwave links.

O S C A R  s a t e l l i t e s  n e c e s s a r i l y  u t i l i z e  nar-
rowband  m o d e s  s u c h  a s  S S B  o r  C W ,  h o w e v e r  a
microwave network should u t i l i z e  a constant
carr ier  mode such as FM. The key to  compat i -
bility between these modes is Constant Amplitude
S i n g l e  S i d e b a n d ,  o r  m e r e l y PLL-SSB. This
concept, which was developed in  Europe 4  or  5
years ago, employs a  variabile  ampl i tude in  the
normally suppressed carrier. Carrier amplitude is
miniscule during modulation, but increases to full
p o w e r  d u r i n g  b r e a k s  o f  s p e e c h  ( a f t e r  p a s s i n g
through the microwave network,  the carr ier  may
be fully removed I-

resulting in convent ional  SSB) . F inal ly ,  tota l
microprocessor control is employed for the link;
i ts  preprogrammed funct ions being avai lable  for
call-up by coded tones.

Technical Aspects

The concepts associated with microwave links
are, in several respects, unlike those employed in
conventional VHF repeater links. Bandwidths of
microwave systems, for example, are typically .5
t o  4  mHz. Output  power levels  are  not iceably
lower, with l a r g e  p a r a b o l i c  d i s h e s  p r o v i d i n g
signal gain capabilities. Conventional superhetro-
dyne techniques are also altered: each microwave
transmitter runs continuously,, with a smal I
portion of its output power being directed to its
receiver’s “front end” to provide a local oscillator
signal. Transmit frequencies of communicating
units are then offset by a difference equal to the
desired I F (center frequency). This arrangement
may be v isual ized wi th  the a id  of  F igure 3 . All
microwave u n i t s  a r e  o r i g i n a l l y  t r a n s m i t t i n g  o n
their hypothetical resting frequency. An incom-
ing signal  on 146.00 mHz shi f ts  the t ransmit t ing
u n i t  146 mHz ( a  s e c o n d  s i g n a l  o n  1 4 6 . 5 0  a n d  a
third signal on 146.80 would appear as subcarriers
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o f  t h e  o r i g i n a l signal, until t h e  1 4 6 . 0 0  d i s -
appeared. T h e  1 4 6 . 8 0  s i g n a l  w o u l d  t h e n  b e  a
subcarr ier  of  the 146.50 s ignal  would then be a
s u b c a r r i e r  o f  t h e  1 4 6 . 5 0  s i g n a l ) . Assuming a
“dumb”  re lay is  required between ports ,  i t  would
receive the 2 . 1 4 6  gHz s i g n a l , h e t r o d y n e  t o
.I46 gHr, IF  ampl i fy  the s ignal (s)  and apply  i t  to
the associated transmitter. The 2.146 gHz signal
would then be received at the subsequent micro-
wave port , converted to 146 mHz and applied to a
(broadband)  ampl i f ier . That  ( I .  F. ) ampl i f ier ’s
output  would feed the “nexV 2. I gHz transmitter
and the 146 mHz transceiver (while also accepting
1460band i n p u t  s i g n a l s  f r o m  t h e  146 mHz t r a n s -
ceiver ) . The microwave% overall bandwidth could
e a s i l y  e x p a n d  t o  I  mHz, a s  n e c e s s a r y ,  w i t h  a l l
data/tones being moved in a conventional manner.
All operations and f requency determinat ions of
network - located 2 meter transceivers are under
microprocessor control. T h i s  m e a n s  t h a t  port-
avai lable  s ignals  may be selected or  re jected by
tone control, as desired. Preprogramming of the
microprocessor establishes basic network
standards.

Two microwave! bands are prime candidates
for  network l inks: 2.1  gHz and IO gHz. Gunn-
plexers a r e  r e a d i l y  availalble  f o r  IO gt-iz  s y s t e m s ,
however  their indiividual-link  r a n g e  i s  l i m i t e d .
Similar units for operation on 2.1 gHz will soon be
a v a i l a b l e  f r o m  U n i v e r s a l  Communiications,  P .  0 .
Box 339,  Ar l ington,  Texas 760101. T h e  2 . 1  gtiz
uni ts  are IO0 mw or  I  watt . ,  as required. cost of
IO gHz Gunnplexers are approximately II5 dollars
each. Cost of 2.1 gHz units are approximately I70
dollars each.

Returning to Figure I a n d  a p p l y i n g  p r e v -
iously acqu i red k.nowledge, a br ief  technical
discussion will now be presented.

A s s u m e  a n amateur o p e r a t i n g  o n 146.76
d e s i r e s  t o c o n t a c t  a distant r e p e a t e r  o n
146.76 mHz. A  .76 signal1  w i t h  P L  t o n e  i s  u s e d
for connecting the scanning transceiver into the
network. Notice the distant ‘ 9 4  transcejver
employs “lockout”, preventing accidental access.
A n o t h e r  3  d i g i t  c o d e  “ b r i n g s  u p ”  t h e  d e s i r e d
distant ‘76 scanning transceiver ,) with subsequent
microprocessor control establishing operating
parameters for accessing that area’s ‘76 repeater.
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Assuming the distant amateurs desire disconnec-
tion from the link (or the calling station desires
distant disconnection) another 3 digit code will
“ b r i n g  down” that transceiver (example: 128).
Data packets may be moved either to the distant
repeater, or left in the electronic mailbox as
requ i red. Continuing overall system capabilities
one step further, we can use tone control and
port-located microprocessors for  handl ing fre-
quency offsets and Spread Spectrum hopping
sequences. This capability would permit an
individual amateur operating on 146.52 mHz  to
“catch” the network’s scanning transceiver,

establish different network - relayed frequencies,
ard proceed in the previously described manner
(Example: 146.52/.!52  into network, 146.16 out of
network. O n e  o r  t w o  f u l l y  microprocessor-
controlled transceivers required for this option).
A full descriptiotn  o f  t h e  net:work  w o u l d ,
obviously, encompass numerous pages of dis-
cussion. We thus leave those operations open for
your investigation and expansion. The network
outlined is a coarse system for future communica-
tions techniques. We hope this “first basic step”
will inspire unlimited expansions.
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