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Th i s  annual r epo r t  d e sc r ibes prog r es s  o f  
t h e  t ec h n i c a l  p r og r am. o f  the I n s t itute 
f o r  T e l ec ommu n i c a t i o n  S c i e n c e s  ( I TS ) 
d u r i ng FY 7 6. I TS i s  the r es ea r ch a nd 
e ng i ne e r i ng a rm o f  the O f f i c e  o f  Te l e
c ommu n i c a t i o n s  i n  t h e  Depa r tm e n t  o f  
Comme r c e. 

The r o l e  o f  the O f f i c e  o f  T e l ec om
mu n i c a t ions c a n  be s ta t ed s uc c i nc t l y :  

T o  p r o v i d e  spe c i al i z e d  r es e a r ch a nd 
a na l y s i s  e s s e n t i a l  t o  s u c c e s s ful 
a ppl i c a t i o n  o f  tel e commu n i c a t i on s  
technology. 

OT a nd I TS g o a l s  wh ich fo rm t h e  focus o f  
ITS a c t iv i t i e s a r e :  

I n c r ea s e  t h e  ava i l a bi l i ty o f  
u s a b l e  spe c t r um b y  e ng i ne e r i ng 
m e thods . 

I n c r ea s e  t h e  l i k e l i hood o f  
s a t i s f a c t o r y  t e l ecommu n i c a t i o n  
s y s t em p e r fo rma nc e ,  a s  a f f e c t ed 
by n a tu r al , e ng i n e e r i ng ,  a nd 
econom i c  f a c t o r s .  

I TS ' c o n t r i b u t i o n  to t h e  ach i evement o f  
t h e s e  g o a l s  i s  p r ov i d ed t h r ough imp l e
m e n t a t i o n  o f  thr e e  maj o r  p r og r am e l e
m e n t s : 

E f f i c i en t  use of the s pe c t r um ,  

Eng i ne e r i ng a nd eva l u a t i o n  o f  
s y s t em s , 

E l e c t roma g n e t ic-wave t r ansm i s
s i o n  r e s e a r ch a nd s e r v i c e s .  

Th e s e  thr e e  p r og r am e l em e n t s  a r e  n o t  
i nd ependent o f  e a c h  o th e r , b u t  h a v e  a 
h ig h  d eg r e e o f  i n t e r a c t ion.  F o r  e xamp l e , 
t r a nsmi s s i o n  phe nom e na p l ay a n  imp o r t a n t  
r o l e  i n  d e t e r m i n i ng whether r ad i o sys t ems 
w i l l  wo r k  in the f i el d , a s  d o  q u e s t i o n s  
o f  m u t u a l  i n t e r f e r en c e  b e tw e en sys tems o r  
s ub sy s t ems. Va r i ab i l i ty o f  t r a nsm i s s io n  
l o s s  through the a tmosph e r e  d e t e r m i nes 
t h e  p hy s i c a l  s epa r a t i o n  b e tween s y s t em s  
shar i ng t h e  s a m e  f r eq u e nc y  a nd t h u s  a f
f ec t s  the e f f i c i e ncy o f  spe c t r um u s e .  
E ng i ne e r i ng o f  sy s t ems to obta i n  t h e  r e
q u i r ed p e r f o rma n c e  d em a nds a d e q u a t e  
k nowl edge o f  t r an smi s s i o n  l o s s  a nd d i s
to r t i o n , a s  w e l l  a s  the e f f e c t s  o f  i n t e r 
f e r en c e .  

E f f i c i e n t  U s e  o f  t h e  Spe c t r um 

The obj e c t ive o f  t h i s  p r og r am e l em e n t  i s :  

To show how t o  s u b s ta n t i al ly 
i n c r ea s e  the p e rm i s s i b l e  number  
of  users  i n  c o n g e s t ed r eg i ons 
of  the spec t r um. 

The spe c t r um i s  a l im i ted n a t u r a l  r e
s o u r c e  b e i ng s ub j e c t e d  t o  ever-i nc r ea s i ng 
d emand s .  Ou r r o l e  i s  to exam i ne a nd 
u nd e r s ta nd t h e  b a s i c  s c i e n t i f i c a nd en
g i ne e r i ng f a c to r s  wh ich a f f e c t  the e f f i
c i ency o f  s pe c t r um u t i l i z a t ion , a nd t o  
f o s t e r  a nd e n c o u r ag e  the u s e  o f  tech
n iques wh ich m a x im i z e  t h e  number of 
spec t r um u s e r s  r ec e i v i ng s a t i s fa c t o r y  
p e r f o r m a n c e  i n  a g i ven g e o g r aphical a r ea , 
under  i nt e r f e r e nc e-l im i t ed c o nd i t ions. 

Ma j o r  oppo r t u n i t i es f o r  imp r o v i ng the 
e f f i c i ency wi th wh i c h  t h e  spe c t r um i s  
u s ed i nc l u d e  the p r op e r  appl i c a t i o n  o f  
bandw idth expans i o n ; r ed u c t i o n  o f  r ad i a
t i on i n  unwan ted d i r ec t i on s  f r om d i r ec
t iv e  a n t e n na s ; imp r ovi ng the pred i c t
abi l i ty o f  the s ig na l  s t r ength o f  both 
wanted a nd u nw a n t ed s ig n a l s ; und e r s tand
ing the i n t e r a c t i o ns b e tween sys tem s  
which a r e  c l o s e l y-spa c ed g eo g r a ph i c a l ly ; 
r ec og n i z i ng t h a t  i n t e r f e r ence f r om c o
c hannel s ig na l s  may c on s t i t u t e  a s t r o ng e r  
a n d  d i f fe r en t  pe r f o rmance l im i ta t i o n  than 
n a t u r a l  o r  ma n-made no i s e ;  r ecog n i z i ng 
the d e s i r a b i l i ty o f  m a x i m i z i ng the jo i nt 
p e r formance o f  many l i n k s  r a t h e r  than 
that of s i ng l e  l i nk s ;  a nd develop i ng 
u sable c r i te r i a  f o r  eva l u a t i ng sys tem 
p e r f o r m a n c e  v e r s u s  spect r um r eq u i r em e n t s .  

Mo s t  o f  t h e  d i r e c t ly- f unded po r t i o n  o f  
t h i s  p r o g r am e l ement i s  c o ncer ned w i th 
t h e  ba s ic i s sue s m e n t ioned a bove. I n  
add i t i o n , wo r k  fo r o t h e r  F e d e r a l  agenc i e s 
i s  c o nc e r n ed w i th e l e c t r omag n e t i c  c om
p a t i b i l i ty a n a l y s i s  a nd r ad i o  coverag e 
e s t im a t i o n. A maj o r  pa r t  o f  the e f f o r t  
i s  i n  s uppo r t  o f  t h e  O T  Spec t r um Ma nage
ment S uppo r t  D i v i s ion i n  i t s  r o l e  o f  
a s s i s t i ng t h e  O f f i c e  o f  Telecommu n i ca
t i ons Pol i cy ( OTP ) , wh i c h  manag es the 
Gove r nm e n t  po r t i o n  of the s pe c t r um. 

H i gh l i g h t s  o f  FY 7 6  a c t iv i t i es includ e :  
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Appl i c a t i o n  o f  t h e  Spec t r um 
E f f i c i ency T r ad e-o f f  mod e l  to 
eva l u a t e the e f fec t s  o f  modu
l a t i o n  i nd ex , r equ i r ed s ig n a l  
to i nt e r f e r en c e  r a t i o s , a nd 
u nc e r t a i n ties o f  transm i ssion 
l o s s. 

Meas u r ed t h e  p e r f o rmance o f  s ix 
d ig i tal modems i n  p r e s e n c e  o f  
i n t e r f e r ence and Ga u s s i a n  
n o i s e. 

I nv e s t i g a t ed t h e  cond i t i on s  
n e c e s s a ry t o  a l low sma l l  mo b i l e  
s a t el l i t e e a r th- t e rm i na l s  t o  
o pe r a t e  i n  t h e  U.S. i n  t h e  7 - 8  
GHz  b a nd. 

I s s ued a r ep o r t  
a va i l ab l e  k nowl edge 

s umma r i z i ng 
about the 



l o c a t ion v a r i a b i l i ty o f  t r a n s 
m i s s i o n  l o s s  i n  t h e  VHF a n d  U H F  
bands , wi th p a r t i c u l a r  appl i 
c a t ion to l a nd mobi l e  and 
b r oadcas t i ng sys tems. 

Engi nee r i ng a nd Ev a l u a t i on o f  Sys tems 

The obj e c t ive o f  th i s  p r o g r am e l ement i s :  

To p r ov i d e  u s e r -o r i en ted t e l e
c ommun i c a t ion s y s t em per fo rm
ance c r i t e r i a  and methods o f  
p e r formance me�sur ement , and t o  
r el a t e  these t o  mo r e  c onve n
t i onal e ng i neeri ng parame t e r s .  

I TS has r ecogn i z ed that the r e  i s  a s ig 
n i f ic a n t  n e ed f o r  adequa t e  means o f  spec
i fy i ng , eva l u a t i ng , and mea sur i ng the 
p e r f o rmanc e , f r om a u s e r ' s  po i n t  of v i ew , 
o f  telecommu n i c a t i o n  sys tem s , a nd i s  
a t temp t i ng t o  f i l l  t h i s  v o i d .  C r i t e r i a  
w h i c h  a r e  s y s t em i ndepend en t ,  a nd which 
r ep r esent p e r f o rmance a t  the u s e r ' s  
i nt e r face w i th the s y s t em ,  a r e  ba d l y  
n eed ed f o r  c omp a r i ng a l t e r na t i v e  o r  c om
p e t i ng s e r v i ces a nd for eva l u a t i ng t h e i r  
bene f i ts v e r s u s  c os t .  I n  add i t i o n , im
p r oved t e c h n i q u e s  fo r the mea s u r ement o f  
p e r f o rmance i n  the eng i neer i ng s ense o f  
m u l t i pl exed , encryp ted s ig n a l s ,  i n  r ea l  
t ime on message t r u n k s ,  a r e  badly n eeded 
to d e tec t i n c i p i en t  f a i l u r e s .  I TS i s  
d evelop i ng c r i t e r i a  a nd meas ur ements f o r  
b o t h  v o i c e  a n d  data t r ansm i s s i o n .  

I n  add i t i o n , t h i s  p r og r am e l ement i s  c o n
c e r ned w i th channel s im u l a t i o n  and evalu
a t i o n  o f  modem tech n i q ue s ,  a nd c ommun i c a 
t ions v i a  f i b e r  op t i c s . C h a n n e l  s imula
t io n  is  c o n c e r ned w i th ma k i ng ava i l a bl e ,  
i n  the l abo r a to r y , s imula t ed channels 
which r e f l e c t  accu r a t el y ,  i n  a s ta t i s t i 
c a l  sens e ,  t h e  v a r ious mu l t ipl i c a t i v e  
e f fec t s  o r  d i s to r t ions wh i c h  o c c u r  o n  
r eal channe l s , a nd wh i c h  may c a u se a 
g r ea t e r  l im i ta t i o n  to per f o rmance than 
add i t ive no i se. Such l a bo r a t o r y  c hannel 
models a r e  u s ed t o  test a nd c ompa r e  r ea l  
hardware u nd e r  c o n t r o l l ed cond i t io n s  much 
mo r e  econom i c a l ly than c a n  be d one i n  the 
f i eld. 

C ommu n i ca t i ons by f i ber op t i c s  p r om i s e s  
to h a v e  s i g n i f i c a n t  impac t o n  t h e  t r ans
m i s s ion o f  v e r y  w i d e band s ig na l s ,  a nd may 
eventually r ep l a c e  t e r r e s t r i a l  a nd s ub
ma r i ne c oax i a l  c a b l e s  a nd mm wavegu ides 
f o r  h ig h  d a ta r a t e  t r ansm i s s i o n .  

S i g n i f i c a n t  ach i evements i n  FY7 6  i nc l u d e : 

P r o v i ded a s s i s tance to the U. S.  
Postal S e r v i c e  i n  eva l u a t i ng 
p r opo s a l s  f r om i nd u s t r y  f o r  
wo r k  o n  e l e c t r o n i c  message 
handl i ng s y s t ems. 

iv 

S e rved a s  Te c h n i c a l  Management 
O r ga n i z a t i o n  for FCC , o v e r s e e 
i ng tech n i cal p e r f o r ma nce c e r 
t i f i c a t ion. c i r c u i t s invol ved 
in d e t e rm i n i ng u se r  r ea c t ions 
to t e l ephone conv e r s a t i ons 
r e layed th r ough one , two , or  
three s a t el l i t e c i r c u i ts. 

Compl e t ed eng i ne e r i ng handboo k s  
o n  d e s i g n  o f  L i ne-o f-S i g h t  
m i c r owave sys t ems a n d  t r ans
h o r i z o n  m i c r owav e systems . 

C ompl e t ed me a s u r ements on 1 2  
p r opo s ed d i g i ta l  m i c r owave 
l i n k s  in E u rope , u s i ng the I TS 
c hannel probe , to d e t e r m i n e  op
t imum a n t enna h e i g h t s  and l i nk 
d e s i g n  p a r am et e r s. 

Cont i nued part i c i p a t i o n  w i th 
i nd u s t r y , u n i v e r s i ty a nd gov
e r nment wo r k e r s  a s  pa r t  of the 
a c t iv i ty of the Ta s k  Force o n  
Op t i c a l  Comm u n i c a t ions e s tab
l i shed by OT/ I T S . 

Comp l e ted p r oc u r ement and i n
s ta l l a t i o n  o f  a n  ARPA netwo r k  
h o s t  c omp u t e r  f ac i l i ty a t  I TS 
to i n i t i a t e  a mea s u r ement 
p r o g r am for t e s t i ng the a b i l i ty 
and p r a c t i ca l i ty o f  the d a ta 
c ommun i c a t i o n  per f o rmance 
m ea s u r es spec i f i ed in Fed e r a l  
S t and a r d  1 0 3 3 . 

E l ec t r omagn e t i c  Wave T r a n sm i s s i o n  

The obj ect ive o f  th i s  p r o g r am e l ement i s :  

T o  p r o v i d e  c ompl e t e , quant i ta
t iv e  EM- wave t r a nsm i s s i o n  char
a c t e r i s t ic s  o f  c ommu n i ca t ion 
c ha nnels for the many spec t r al 
r eg i ons o f  c u r r e nt i n t e r e s t. 

I TS e f f o r t s  i n  th i s  a r e a  a r e  a imed a t  
i mp r ov i ng t h e  s u c c e s s f ul deployment o f  
r ad i o s y s t ems d e s i g ned t o  ope r a te nea r 
the s t a t e-o f-the-a r t ,  i ns o f a r  as pr opa
g a t i o n  i s  c oncer ned . D e l e t e r i o u s  p r opa
g a t ion e f fe c t s  fo rm a bas i c  l i m i t a t io n  to 
the p e r fo rmance o f  r ad i o  s y s t ems. Atten
u a t i o n , s c a t t e r ing , d uc t i ng , a nd r e f r ac 
t i on a f fect both wan ted a nd u nwanted s ig 
n a l s .  S c a t te r i ng a nd mul t i p a th m a y  l im i t  
t h e  av a i l a b l e  bandwid th . 

I TS e f fo r t s  i n  FY 7 6  c o n t i n u ed to be 
d i rec ted ma i nly a t  the h ig h e r - f r equency 
end o f  the spe c t r um , a bove 1 0  G H z . 
Notable ach i eveme n t s  i nc l ud e :  

Cons t r uc t ed a t h r e e- f r equency 
test fac i l i ty ope r a t ing s imu l 
t a neou sly a t  9 . 6 ,  2 8.8 , and 
5 7 . 6  GHz wi th 1 Gb/s modu l a t ion 



capabi l i ty ,  t o  c o l l e c t  c ompa r a
t iv e  d a t a  a bo u t  a tmosph e r i c  e f
f e c t s  on m i c r owav e  a nd mm wave 
t r ansmi s s io n  through the a tmos
pher e .  

Demo ns t r a t io n  o f  the u s e  o f  
t i l ted a n tennas to r ed u c e  o u t
a g e  time o f  m i c rowave l i n k s  
s ub j e c t  t o  f ad i ng c a u sed by 
a tmosph e r i c  mul t i path . 

Improvements to the mm wave 
t r a n sm i s s i on spect rome t e r  wh i c h  
r ed u c e  i n s t r umental e r r o r s  
r e sul ted i n  me a s u r ement o f  the 
s t r e ng t h  and width of 21 l i nes 
of the o2 m i c r owave a bs o r p t i on 
spe c t r um . 

S u r v ey o f  a tmospher i c  r e f r ac
t iv e  i nd e x  p r o f i l e s i n  the 
P e r s i a n  Gu l f  and the Gulf of 
Mex i c o  for use in d e t e rm i n i ng 
r ad a r  c ove r ag e .  

F u r t h e r  imp roveme n t  a nd v e r i f i
c a t i o n  o f  me thods fo r p r ed i c t
i ng the e f fe c t s  o f  r a i n  o n  
t e r r e s t r ial a nd s a t e l l i t e 
m i c r owave paths . 

P r ep a r ed FM b r o ad c a s t i ng c over
a g e  maps of  the u.s. 

Deve l opment o f  imp roved mod e l s  
f o r  p r ed i c t i ng m u l t i hop h ig h  
f r eq u e ncy propag a t ion. 

Deve lopment of a model of the 
i onosphe r i c D-r eg ion , for p r e
d i c t i ng LF a nd VLF f i eld 
s t r eng ths , b a s ed o n  over  5 0 0  D 
r eg i o n  p r o f i l es measur ed i n  
v a r i o u s  l oc a t ions a nd a t  d i f
f e r en t  t im e s . 

O t h e r  H igh l igh ts 

O t h e r  s ig n i f i c a n t  a c h i ev ements d u r i ng 
FY 7 6  by the I TS s t a f f  i nc l ud e :  

D r .  H a n s  L i ebe r ece i v ed a 
S e n i o r  U . S .  S c i e n t i s t  a wa r d  
f r om the A l exand r a  von 
H umbo ld t-Fo unda t i o n  o f  the 
F ed e r a l  Repub l i c  of Ge rmany . 

D r . Ma r k  T. Ma wa s s e l e c ted by 
the Repub l i c  o f  C h i na t·o j o i n  a 
panel o f  fo r e ig n  sc i ent i s t s  to 
advi s e  on nat i o nal r econ
s t r u c t i o n  p r i o r i t i es . 

A c on f e r e nc e  was held i n  May 1 9 7 6  to 
i de n t i fy p r o b l ems a s so c i a t ed w i th i n
c r e a s i ng t h e  u s e  o f  the 1 5 -lOOG H z  r eg i o n  
o f  t h e  spec t r um s o  a s  t o  r ed uc e  p r e s s u r e s  
o n  t h e  c o ng e s t ed lower f r eq u e ncy r eg i on 
o f  the spec t r um . 

v 

OT' s po l i cy c o n c e r n i ng p a r t i c ipa t ion i n  
C CIR a nd C C I TT a c t iv i t i e s  h a s  been r e
v i ewed and r ea f f i rmed . As a r e sul t ,  I TS 
s ta f f  w i l l  c o n t i n u e  to p l ay a n  important 
role i n  these o r g a n i z a t ions , pa r t i c u l a r ly 
w i t h  r e spect to u .s. pr epa r a t i o n  for  the 
Wo r ld Admi n i s t r a t iv e  Ra d i o  Confer ence i n  
1 9 7 9 . 

Suppor t f o r  O t h e r  Agenc i e s  

M u c h  o f  t h e  wo r k  d e s c r i bed i n  t h i s  r epo r t  
i s  i n  s u ppo r t  o f  o t h e r  F e d e r a l  Agenc i es 
a nd i s  funded by them .  Th i s  wo r k  helps 
solve the immed i a t e  p r ob l ems of the spon
s o r i ng a g ency . S u c h  a c t i v i t i e s  a r e  m u t u
a l ly bene f i c i a l . Th ey a l low I TS to 
c o l l ec t  data wh i c h  when c omb i ned w i th 
o t h e r  da ta obta i ned under d i f f e r e n t  spo n
s o r s h ip enab l e s  mo r e  c omp r ehensive d a ta 
bases to be m a i n t a i ned a nd developed 
i nexpens ively . By d o i ng s uc h  wo r k  we a r e  
k ep t  i n  contac t w i th " r ea l  wo r l d "  p r o b
l ems and o u r  s t a f f  c ompe t ence i s  kept 
r el evant and up to d a t e . The wo r k  for  
v a r ious spo nso r s  enab l e s  u s  to r ecogn i z e  
k ey p r o b l em a r ea s  who s e  s o l u t ion ben e f i ts 
a l l  u s e r s  o f  tel ecommu n i c a t i o ns 
t echnology a s  w e l l  a s  the i nd iv idual 
agenc i e s  spons o r i ng va r i o u s  aspec t s  o f  
the wo r k . 

I n  FY 7 6  o u r  wo r k  f o r  o ther Fed e r a l  
Ag enc i e s  was o r i en ted c lo s e ly towa rds OT 
goa l s . O u r  c r i t e r i a  for acceptance of 
Other Ag ency wo r k  we r e  r ev i ewed , a nd a s  a 
r e sul t ,  even c l o s e r  a l ignment w i l l  be 
a ch i ev ed i n  the f u t u r e .  

OT' s c r i t e r i a  fo r a c c eptance o f  wo r k  f r om 
Other Agenc i e s  c a n  be s umma r i z ed a s  
f o l l ows : 

1 .  The wo r k  f a l l s  w i th i n  the 
a u t ho r i ty of the S e c r e t a r y  o f  
Comme r c e  t o  u nde r ta k e  the wo r k .  

2. 

3. 

4 .  

Th e wo r k  i s  r e l evant t o  na t i o n
a l  g o a l s  a nd c omm i tments and 
has imp a c t  on these g o a l s  and 
comm i tm en t s .  

The wo r k  c a nnot b e  r e ad i ly per
fo rmed by the pr ivate sector  
( w i th c e r t a i n  exceptions such 
a s  unav o i d a b l e  con f l i c t  o f  
i n t e r e s t ,  i n tol erable delay s ,  
e x c e s s ively h ig h e r  c o s t s , o r  
unique f ac i l i t i es o r  capa
b i l i t i e s  w i t h i n  OT) . 

Th e wo r k  c o n t r ibutes to OT 
goal s .  

5 .  Th e wo r k  d o e s  not con f l i c t  w i th 
o t h e r  o ng o i ng w o r k  w i t h i n  OT. 
A l l  t h e s e  c r i t e r ia mu s t  be m e t .  

Th e r ev ised c r i te r i a  
e n s u r e  tha t t h e  wo r k  we 

w i l l  
d o  

cont i nu e  to 
f o r  Fed e r a l  



Agenc i e s  w i l l  be a p r op e r  f u n c t ion o f  
Gove r nm e n t  and cons i s tent w i th t h e  m i s
s io n  o f  OT a nd the Depa r tment o f  
Comme r c e. 

Ac k nowl edgeme n t  

Dr . E. K .  S m i th w a s  r espons i b l e  for  the 
p r ep a r a t ion o f  the r epo r t ,  f r om ma t e r ial 
p r ov i ded by A s so c i a t e  D i r e c t o r s - J . P .  
Mu r r ay , J . A .  H u l l ,  and D.L. Luca s ,  and by 
Dr. B. W i ed e r , As s i s tant to t h e  D i r ec to r . 
He was ably a s s i s t ed by o t h e r  ITS s ta f f ,  
p a r t i c u l a r ly R .  B. S tone r , a nd Mr s .  M .  
Detm e r . 

Doug�

D i r ec t o r , ITS 

v i  

Annex IV c o n t ains a l is ting o f  r epor ts 
and a r tic l e s  d e sc ribing wo r k  d one b y  OT/ 
ITS d u r ing FY76 . A l imited number o f  
j o u r nal r eprints a r e  g en e r a l l y  avail a b l e  
a n d  m a y  b e  r eque sted f r om t h e  autho r . 
The j ou r n a l s  themse l v e s  a r e  u s ua l l y 
avail abl e in tech nic al l i b r a r ie s .  OT Re
po r t s  may b e  pu r c ha s ed f r om the Na tio nal 
Technic a l  I n forma tio n S e rvic e ,  P.  0. Box 
1 5 5 3 ,  S p r ingfiel d ,  Vir g i n i a  2 216 1 .  Tec h 
nica l  Memo r a nda a r e  not av a i l a b l e  f o r  
g e n e r a l  dist rib ution b u t  f u r th e r  in f o r ma
tion may b e  obtained by contac ting the 
a u thor o r  the I n s ti t ut e . 
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TITLE 

S t yl i z e d  s k e tc he s  o f  t h r e e  type s o f  paths a nd the 
c o r r e spond i ng o s c i l l o scope t r a c e s  o b s e r v e d  w i th the 
c ha nn e l  p r o b e . Shown a t  the top i s  a n  ov e r w a t e r  
path . I n  t h e  m id d l e  i s  a typ i c al path o f  the D i g i tal 
E u r opean Ba c k bo n e  ( DE B )  sys tem . At the bo t tom is a n  
i l l u s t r a t io n  o f  t im e  v a r iat ion d u e  t o  c h a ng i ng 
a tmosphe r ic c on d i t io n s .  

C h a r ts c ompa r i ng the expec ted s e r v i c e  r e l i ab i l i t i e s  
( pe r c e n t )  w i t h  e x i s t i ng s t a t ion s ( to p )  a n d  w i th two 
add i t i onal s t a t i o n s  a t  Ad a k  a nd B a r r ow ( bo ttom ) 
ope r a t i ng a t  6 a nd U MHz . Cond i t io n s  po r tr ayed a r e  
w i n t e r  n ig h t  a nd h i g h  so lar ac t iv i ty . 

Ch a r ts show i ng t h e  p r ed i c ted c i r c u i t  r e l i a b i l i ty 
i n  pe r c e n t  fo r l oc a t i o n s  i n  the Nor th A t l a nt i c  to s i x 
sho r e  s tat i o n s  a t  1 4 0 0  GMT f o r  J u l y  a nd a sunspo t 
number  o f  1 1 0  u s i ng 4 ,  6 ,  8 ,  1 2 ,  1 6 , a nd 2 2  MHz . Th e 
upp e r  char t i nc l ud e s  a l l  v a l u e s ;  the lower cha r t 
tho se v a l ue s  equal to o r  g r e a t e r  than 8 5%. 

Pho tog r aph o f  t h e  I TS ionosphe r ic c h a nnel s im u l a t o r  
u sed to ma ke the MEECN meas urem e n ts . 

F l ow c ha r t  i l l u s tr a t ing the r e l a t io n s h i ps o f  the opt i c al 
commu n i c a t i o n s  p r og r am to the te l ec ommun i c a t io n s  sphe re . 

B l o c k  d i ag r am o f  3- band expe r im e n t a l  l i nk show i ng the 
c ohe r e n t  s i g na l  c ha i n s o n  9 . 6 ,  2 8 . 8 ,  and 5 7 . 6  GH z .  

E x ampl e o f  r a i n  a t te nu a t ion o b s e r v ed o n  a 9 0  m path 
a t  5 7 . 6  MHZ.  

I l l u s tr a t io n  o f  the s c r e e n i ng e f f e c t  p r o d u c ed by the 
oxyg en a b s o r pt i o n  l i ne wh i c h  pe a k s  n e a r  6 0  GHz . Th e 
r ec e i v ed s ig na l s  have b een normal i z ed to b e  i d e n t i cal 
at 1 km . By 5 km the 6 0  GHz s ig na l  is bO dB b e l ow the 
5 0  G H z  o n e .  

Two d emod u l a t ed 5 0 0 Mb/s b i na ry d a t a  s t r e am s  o f  a 1 Gb/s 
d a t a  l i nk a f t e r  t r a nsm i s s io n  ov e r  a 2 0 0  m t e s t  path at 
30 . 3  G H z . Mod u l a t i o n  i s  QPSK a t  a 1 Gb/ s r a t e  us i ng a 
2 GH z b a ndw i d th .  H o r i zo n tal d e f l ec t io n  i s  4 na noseconds 
per d i v i s i o n .  

E x ampl e s  o f  9 . 6  GHz s ig na l  va r i a t i o n s  d u r i ng pe r iod s o f  
r e l a t iv e l y  s h a l l ow a nd r e l a t iv el y  d e e p  fad i ng ov e r  a 
1 2 0  km path e x t e nd i ng f r om 1 0  m mean sea lev el on the 
I s l and of Hawa i i  to Mt . Ha l ea k a l a ,  Ma u i , a t  30 0 0  m 
e l ev a t ion . 

Cumul a t i v e  d i s tr i b u t ion of fade d u r a t i o n s  f o r  the same path 
for the pe r iod J a nua ry 1 9 7 3  - J a n ua ry 1 9 7 4  for four ho u r s  
pe r day , a l l  mon ths com b i ned . 

Av e r a g e  fad e d u r a t i o n s  v e r sus t im e  of d ay f o r  the same 
path. Al l months combi ned . 

Av e r a g e  fade a s  a f u n c t ion o f  s ig na l  l ev e l  for  the sam e  
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opt ical  av a i l ab i l i ty m e a s u r em e n ts .  

Op t i c a l po r t io n of t h e  d a t a  acqu i s i t i o n  sys tem o f  
f ig u r e  4 - 9  w i th b eam spl i t t e r  i n  t h e  f o r e g r o u nd . 
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C HAPTER 1 .  E F F I C IENT U S E  OF 
THE SPECTRUM 

T h e  r ad i o ,  o r  e l e c t r omagne t i c , s pec t r um 
h a s  seen d rama t i c  g r ow t h s  i n  demand a nd 
u s e  s i nce the b eg i nn i ng o f  Wo r l d  War I I .  
S i nc e  tha t t ime , a g r e a t  r a ng e  o f  new 
spec t r um-d epe ndent s e r v i c e s  has evol ved . 
Ame r i c a n  i nd u s tr y , gove r nme n t ,  a nd pr i
v a te c i t i z e n s  have put the spec trum to 
wo r k  in s uc h  p r o f u s io n  that now s a t u r a
t i o n  a ppe a r s i mmi n e n t  a nd ,  i n  some c a se s ,  
h a s  a l ready o c c u r r ed . T o  p r o v i d e  f o r  new 
and expanded u s e , t wo ma j o r  a l t e r na t iv e s  
e x i s t .  O n e  i s  to explo i t  n ew r eg io n s  o f  
t h e  spec t r um a t  prog r e s s iv e ly h ig h e r  f r e
q u e nc i e s . The second i s  to p r o v i d e  f o r  a 
b e t t e r  u nde r s ta nd i ng o f  the b a s i c  phys i
c a l  p r i n c ipl e s  upon wh i c h  spec t r um use 
d ep e n as a nd ,  comp l em e n t i ng this  under
s ta nd i ng , provide f o r  mo r e  e f fec tive 
m e a n s  of  mana g i ng s pec t r um u s e . 

Spec t r um u se by the U . S .  Gover nme n t  alone 
is  g r owi ng n i ne p e r c e n t  a nn u a l l y  in those 
f r equency r eg i o n s  whe r e  e q u i pment is  
r ead i ly a va i l abl e .  Emb r y o n i c  e f f o r ts a r e  
b e i ng made t o  u s e  t h e  e v e n  h i g h e r  f r e
q u e n c i e s  a bove 1 0  GHz whe r e  eq u i pmen t 
s t i l l  r ema i n s  to b e  d ev e l oped f o r  many 
a ppl i c a t i o n s . 

The Of f i c e  o f  Tel ecommun i c a t io n s , I n s t i 
t u t e  f o r  Tel ec ommu n i c a t i on Sc iences 
( OT/ I TS ) conduc ts a p r o g r am of  r e sea rch 
a nd deve l opm e n t  which add r e s s e s  bo th o f  
t he se a l t e r na t iv e s . Muc h o f  the wo r k  be
i ng d on e  to e x t e nd the use of the spec
t r um t o  h i g h e r  f r eq u e nc i e s  is d i sc u ssed 
in Chapter 4 of t h i s  r e po r t  E l ec tr o
m a g n e t i c  Wave T r a n sm i s s i o n . Chapt e r  4 
a l so p r ov i d e s  b r i e f men t io n  o f  some o f  
the wo r k  be i ng d o n e  t o  improve o u r  u nd e r 
s t a nd i ng o f  p r opag a t ion p r o b l em s  i n  these 
r eg io n s  of the radio spe c tr um that a r e  
a l r e ad y  e x t e n s i v e l y  used . 

I n  th i s  c hapter , some h i g h l i g h ts o f  the 
OT/ I TS prog r am d i r ec t l y c o n c e r ned w i th 
spec t r um e ng i nee r i ng a r e  r e v i ewed . Many 
o f  the se spec t r um e ng i ne e r i ng p r o j ects 
d r aw heav i ly o n  expe r i e n c e  f r om o ther 
p r o g r ams in  I T S , i nc l u d i ng a n te nna d e s i g n  
a nd m e a s u r emen t ,  channel c ha r ac t e r i z a t i o n  
a nd sys t em p e r f o rm a nc e ,  a nd t h e  many 
p r opag a t i o n  r e l a ted e f fo r ts . 

S E C T I ON 1 . 1 . SPECTRUM ENGI NEERING FOR 
E FF EC T IVE SPECTRUM U S E  

A w i d e  r a ng e  o f  r e se a r ch a nd e ng i ne e r i ng 
h a s  been conduc ted to p r o v i d e  f e d e r a l  
a g e nc i e s  w i t h  t h e  me a n s  to a s s u r e  a d e 
qua t e  p e r f o rmance o f  p r oposed new sys tems 
wh i c h  w i l l  face po te n t i a l  i nt e r f e r e nc e  
f r om o th e r  s i g na l s .  

'Y�o.._D C ompa t i b i l i ty o f  C o l !_i s i o n  Av o i d a n c �  �
. t erns . The p r e v e n t i o n  o f  m i d- a i r  c o l l i 

s i o n s  b etwe e n  a i r c r a f t  h a s  b ecome an i n -

c r e a s i ng ly impor tant problem a s  a i r c r a f t  
popu l a t i o n s  have i nc r e a sed a n d  a i r  travel 
has b ecome an ac cepted me thod o f  pub l i c  
t r a nspo r ta t io n .  A s  s tewa r d  o f  the a i r  
spac e ,  the F ed e r a l  Av i a t i o n  Adm i n i s t r a 
t i o n  h a s  been i n s tr uc ted b y  Cong r e ss to 
m a k e  r e c ommenda t i o n s  f o r  the impl em e n ta
t i on of a N a t ional Standard for a Co l l i
s i on Avo i d a n c e  Sys tem ( CAS ) f o r  the 
U n i ted S t a t e s .  Cand idate sys tems for a n  
a i r - b o r ne CAS w e r e  deve loped b y  t h r e e  
p r i v a t e  compa n i e s .  T h e  sys tems we r e  d e 
s i g ned to ope r a t e  i n  t h e  f r eque ncy r ange 
1 5 9 2 . 5  t o  1 6 2 2 . 5  MHz , wh i c h  wa s the pro
v i s io n a l  f r eq uency a s s i g nm e n t  made by the 
Federal Commu n i c a t i o n s  Commi s s io n  f o r  the 
explo r a to r y  d ev e lopm e n t  of a n  a i r - to-a i r  
CAS . Th i s  a s s ig nm e n t  i s  i n  the r ad io 
n av i g a t i o n  b a nd , wh ich e x t ends f r om 1 5 35 
t o  1 6 6 0  MHz . 

The I n s t i t u t e  f o r  Telecommu n i c a t i on Sc i
e n c e s  w a s  a s ked to i n v e s t i g a t e  the elec
t r oma g n e t i c  c ompa t i b i l i ty o f  the CAS w i th 
o th e r  o c cupants o r  pr oposed occupants o f  
the r ad i o  nav i g a t i o n  b a nd . I t  wa s d e te r 
m i ned t h a t  n o  s e r ious p o t e n t i a l  tor com
pat ib i l i ty p r o blems was l i k e ly ex cept b e
t we e n  the CAS a nd f iv e  mod e l s  o f  r a d a r  
a l t i m e t e r s  wh i c h  a r e  ope r a t io n a l  i n  the 
band . 

A l a bo r a t o r y  m e a s u r ement p r og r am was c o n 
d uc ted i n  w h i c h  each o f  the t h r e e  CAS 
w e r e  t e sted f o r  i n t e r t e r e nce p r oblem s  
w i th e a c h  o f  the f iv e  " L "  b a n d  r a d a r  a l 
t imet e r s .  Va l u e s  o f  I n te r f e r ence- to
S i g na l  r a t i o s  ( I /S ) a t  wh i c h  each of the 
CAS f a i l ed due to i n te r f e r e nce f r om the 
r ad a r  a l t im et e r s  we r e  d e t e rm i ned . The 
I/S r a t i o s  we r e  then used in the a n a ly s i s  
o f  sev e r a l  s c ena r ios t o  d e te r m i ne the 
e x t e n t  of pr oblems which would ex i s t  i n  
a c t u a l  f l i g h t  s i tua t i on s .  I n  add i t i o n ,  
the I/S v a l u e s  were used i n  a s ta t i s t i c a l  
a na l y s i s  i n  conj u n c t i o n  w i th a n  a i r  t r a f
f i c mod e l  o f  Lo s Ang e l e s  B a s i n  f o r  the 
year  1 9 8 0  to d e t e r m i n e  the mag n i tude of 
the p r obl em under s imulated dense a i r  
t r a f f i c  cond i t i on s .  

The wo r k  o n  the p r o j e c t  has b e e n  com
p l e t ed a nd a f i na l  r e po r t ,  FAA-RD- 7 5 - 2 2 9 ,  
h a s  b e e n  p r i n ted . 

I n  o r d e r  to make better  use o f  the r ad i o  
s pec t r um , m a ny f r equenc i e s  i n  t h e  spec-
t r um c a n  b e  s h a r ed between s a te l l i te a nd 
t e r r e s t r i a l  sys tems . Howeve r , we need to 
k now t h e  mag n i tude of the s i g n a l s  a t  the 
s a t e l l i te f r om a l l  of the t e r r e s tr i a l  
t r a n sm i t t e r s  so t h a t  t h e  sys tems w i l l  3��� 
pe r f o r m  a s  d e s ig ned i n  or b i t .  Th e I n te r 
f e r e n c e  to G e o s t a t i o na ry Or b i t  p r o j ec t 
d ev e l oped a c o s t - e f fec tive method f o r  
p r ed i c t i ng t h e  s i g na l  l ev e l s  a t  t h e  g eo
s ta t i on a r y  o r b i t  f r om the t h o u s a nd s  o f  
t e r r e s t r i a l  em i t ter s i n  the 5 . 9 2 to 6 . 4 2 5  
G H z  c ommo n c a r r i e r  band . T h e  me thod i s  
based on f r equency a s s ig nment f i l e s  a nd a 



m a th em a t i c al formu l a t i o n  o f  the system ' s  
a n te nna s a nd the i r  s ig na l  s tr u c t ur e s .  
T h e  eval u a t i o n  o f  the me thod has been 
b a sed on compa r i son to ATS - 6  s i gna l s  
r ec o rd ed d ur i ng 1 9 7 5 .  Th e schem a t i c  
r epr e se n tation o f  t h i s  s i t ua t ion i s  p r e
s e n ted i n  f igu r e  1 - 1 . 

Th i s  yea r the p r e d i c t i o n  mod e l  has b ee n  
improved w i th t h e  i n c l u s i o n  o f  the i n
o r b i t  m ea s u r ed g a i n  for  the ATS - 6  a n
t enna , a c u r r e n t  se t o f  a s s i g nm e n t  data , 
a nd a mod i f i c a t i o n  i n  the spe c t r a l  shape 
o f  the t e r r e s t r i a l  s i g na l s .  The d a ta f o r  
s e v e r a l  pa t t e r n s  have been c ombined , and 
a g en e r a l i z e d  l e a s t  s qua r e  f i t  to the 
d a t a  o b t a i ned a nd used for the a n te nna 
pa t t e r n  in the mod e l . Mea s u r ements o f  
t h e  s i g na l s  tr a n sm i t ted by AT& T w e r e  ob
t a i ned at t he i r  P l e a s a n t  Va l l ey ,  Colo
r ad o ,  fac i l i ty .  Of pa r ti c u l a r  conc e r n  i n  
p r ed i c t io n s  o f  t h i s  k i nd a r e  the po i n t i ng 
a ng l e s  o f  the t e r r e s t r i a l a ntenna s wi th 
r e sp e c t  to the g e o s ta t i ona ry o r b i t  loca
t io n . Th i s  i nfo rma t i o n  has , i n  the pa s t ,  
b e e n  v e r y  d i f f i c u l t  t o  d ev e l o p . F igu r e  
1 -2 p r e se n ts the d i s tr i but i o n  o f  the se 
po i n t i ng a ng l e s  f o r  one o r b i ta l  l o c a t i o n . 

A n umber o f  mea sur ed data w e r e  obtai ned 
for the ATS - 6  a n tenna po i n ted at I thac a ,  
New Yo r k , a nd C o l umb u s , Oh io . Th e se data 
were then c ompa r e d  to p r e d i c t io n  o f  s ig 
n a l s  a t  these s a m e  two loca t io n s . Sam
p l e s  o f  the s ig na l s  f o r  a 1 00 k H z  band
w id t h  are shown in f igu r e  1 -3 f o r  the 
C o l umbu s , Oh i o , t a r g e t . Th e r e  a r e  a num
b e r  of s i g na l s  p r e d i c t ed that do n o t  ap
p e a r  i n  the m e a s u r e d  d a t a . Th e s e  a r e  
p r obably t he r e su l t  of f r eque ncy a s s i g n
m e n t s  that have n o t  been imp l em e n ted by 
the u se r s .  For those s ig na l s  that do 
o c c u r  in bo th the me a s u r ed a nd p r ed i c ted 
d at a , a g ood ag r e em e n t  i s  shown in the i r  
ampl i t ud e s , a l though the m e a s u r ed s ig na l s  
a r e sl ightly h i g he r . E s t im a t e s  f o r  t e r
r e s tr ial a n te nna s i d e - l o b e  p a t t e r n s  a r e  
thoug ht t o  be s l ig h t l y  b e l ow a c tual v a l 
u e s ,  a l thoug h mea s u r e d  d a t a  a r e  n o t  
a va i l able . Th i s  i s  one f a c t o r  e xpec ted 
to contr ibute to the measur ement v e r su s  
p r ed i c ted d i spa r i ty .  

A c on t i nu i ng OT/ITS r e spo n s i b i l i ty to the 
Of f i c e  o f  Te lecommu n i c a t ions Po l i cy ( OTP ) 
i s  the �o r t  t o  Spe c t �um Analys i s  wo r k  
d o n e  b y  the Of f i c e  o f  Te l e commun i c a t i o n s , 
Spec t r um Ma nag em e n t  Suppor t D i v i s io n . 
Th e p r o j e c t  s uppl i ed spec i a l  a na lyse s a nd 
m e a s u r ements a s  they w e r e  n e eded . The 
p r o j e c t  ut i l i z e d  i n t e r f e r e n c e  a na l y s i s  
m od e l s  p r e v i o u s l y  d eve loped b y  I TS ,  t a i l 
o r ed to the spe c i f i c  t e l ec ommu n i c a t ion 
s ys tems s t ud i e s  b e i ng cond u c t ed by OT . 

Dur i ng FY7 6 ,  I TS p r o v i d ed a naly s i s  sup
po r t  fo r s t ud i e s  i n  the g ove r nment l a nd
mobi l e  bands ( 1 6 2 - 1 7 4  MHz  a nd 4 06 - 4 2 0  
M Hz ) , the e f f i c i e nt use o f  the 7 - 8  GHz  
b a nd , the e f f i c i en t  use o f  the 2 7 00-2 9 00 

MHz r ad a r  bands , and the e f f i c i en t  use o f  
the 1 3 - 1 5  G H z  band . Ana l y s i s  s uppo r t  wa s 
a l s o  p r o v i d ed f o r  the 1 03 0  M H z  r a d a r  bea
con mea sur em e n ts . One c l a s s  of o utput i s  
shown i n  f igu r e  1 - 4 , wh e r e  po ten tia l  i n
t e r f e r e n c e  f r om a n  a i r bo r ne t r ansm i t t e r  
s ha r i ng t h e  same f r equency b a nd w i th t e r 
r e s t r i a l  m i c r owave sy s tems i s  shown . 
Th e analy s i s  me thod ( k nown as ATTI C ) 
a l lows g r e a t  f l e x i b i l i ty i n  the d e f i n i 
t i o n  o f  v a r io u s  pr obl ems to b e  s t ud i ed . 
Th i s  m ethod ope r a t e s  d i r ec t ly f r om c om
p u t e r  d a ta b a s e s  o f  equ i pm e n t  l o c a t i o n s  
and techn i c al c ha r ac ter i s t i c s . 

\,? ..... �� 
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Man-made No i se c a u s e s  i n t e r f e r e n c e  wh i c h  
i s ,  q ui t e  o f ten , t h e  l i m i t i ng f a c t o r  i n  
c ommu n i c a t ions/ e l e c t r o n i c s  sys tem p e r 
f o rmanc e .  Th i s  i n te r f e r e n c e  r e sul ts 1n 
c ommu n i c at i on sys tems b e i ng r e qu i r ed to 
use e x c e s s i v e  powe r s  a nd/or spec t r um 
spac e ,  t h e r eby hampe r i ng t h e  e f f ic i e n t  
u t i l i z a t i o n  o f  the l im i ted s pe c tr um r e
s o u r c e . Th e m a i n  purpose o f  t h i s  p r o j e c t  
was to : 

1 .  a s se ss the a d equacy o f  i nf o r ma
t i o n  p r e sen tly ava i l a b l e  a nd b e i ng c o l
l ec ted , 

2 .  d e f i ne a nd a s s e s s  the ad equac y 
o f  r ec en t  a ba t em e n t  measur e s ,  

3 .  make 
o n  a dd i t iona l 
u r e s ,  a nd 

spe c i f i c  
r e qu i r ed 

r e c ommend a t io n s  
a batement m e a s -

4 .  m a k e  spe c i f i c  r e c ommend a t i o n s  
a s  to nec e s s a r y  ad d i t i o n a l  r e se a r c h . 

Th e s e  i tems we r e  cov e r e d  i n  d e t a i l  w i t h  
t h e  r e su l ts g i ven i n  OT Repo r t  7 6 - 8 5 ,  
" Ma n-made n o i s e  - - The p r o b l em a nd recom
m e nded s teps towa rd s o l u t i o n , "  Apr i l  
1 9 7 6 . 

Th i s  r e po r t  concentr a t e s  on i nc i d en ta l  
r ad i a t ion d ev i c e s ,  s umma r i z e s  a l l  ex i s t
i ng s ta nd a r d s  and abatem e n t  m e a s u r e s  f o r  
t h e se d ev i c e s ,  a nd m a k e s  r ec omme nd a t i o n s  
a s  t o  add i t io na l  r e q u i r e d  m e a s ur e s .  G e n
e r a l  a nd spec i f i c  examp l e s  o f  d eg r a d a t i o n  
to sys tems b y  man -made n o i s e  a r e  g iv e n . 
I t  i s  shown tha t , both t ec h n i c a l ly a nd 
e conom i cal ly , fur the r s uppr e s s ion o f  a u 
tomo t i v e  ig n i t i on n o i se a t  the manufac
tur i ng l e v e l  i s  r e q u i r ed . Means o f  
a c h i e v i ng t h i s  r eq u i r ed s uppr e s s i on a r e  
g iv e n . Ot h e r  sour c e s  ( e . g . , powe r t r a ns
m i s s io n  l i ne s )  a r e  a l so d i s c u s sed . 

E x i s t i ng p r o g r ams f o r  n o i s e  mea s u r ement , 
a na lys i s , a nd mod e l  developm e n t  we r e  s um
m a r i z e d , a nd recomme nda t io n s  f o r  the 
a t t a i n i ng o f  r e qui r ed add i t io n a l  i nfo rma
t i o n  on the noise e nv i r onme n t s  we r e  
g i ven . I n  add i t ion , the r o l e  that b e t t e r  
i n f o r m a t i o n  o n  the n o i s e  e nv i r onm e n t  
s h o u l d  play i n  the proper a r r a ngement o f  
t h e  spe c t r um was cov e r e d . 
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Th e r e su l ts o f  t h i s  s t ud y  w i l l  b e  u s e d  by 
the OTP a nd I RAC , e sp e ci a l ly w i th r e g a r d  
t o  FCC Dock e t  No . 2 0 6 5 4 , a No t i ce o f  
I n q u i r y  o n  " i n te r f e r e n ce f r om spa r k - type 
i g n i tion sys tems i n  m o tor v e h i cl e s . "  

P r ev i o u s  wo r k  r e sul ted i n  the d e v e lopm e n t  
o f  a l g o r i t hm s  to d e t e rm i ne t h e  opt imum 
p e r f o rmance o f  e x i s t i ng commun i ca t ion 
sys tems in na r r owband impul s iv e  no i s e  
( g e n e r a l ly the r e su l t  o f  v a r io u s  com b i n a 
t io n s  o f  i n t e n t i o na l ly r ad i a t ed s i g na l s ) . 
( S e e  OT Re po r t  7 5 - 6 7 ,  " Op t imum r e cep t i o n  
i n  a n  impul s iv e  i n te r f e r e n ce e nv i r o n 
m e n t , "  J u n e  1 9 7 5 . ) Another t a s k  a ccom
p l i s hed und e r  the p r e se n t  pr o j e ct wa s e x 
t e nd i ng t h e s e  d e tection a l gor i thms t o  i n
cl u d e  b r oadba nd m a n-made n o i se . 

:,•:\\FI S u r v ey§_ for W S R- 7 4 C  Rad a r  I n s t a l la
t i o n s  we r e  pe r fo r med for  the U . S .  Depa r t
m e n t  o f  Comme r ce's Na t i onal Wea the r S e r 
v i ce t o  a s s e s s  t h e  r a d i o  f r equency i n t e r 
f e r e n ce e nv i r onm e n t  f o r  the i ns ta l l a t ion 
of a ppr o x i m a t e l y  s i x ty ( 6 0 )  C - band ( 5 . 6  
to 5 . 6 5 0 GH z )  weather r a d a r s .  Th e pro
j ect s t ud i ed i n t e r f e r e nce po t e n t i a l  b e 
twe e n  the r ad a r s  and m i cr owave sys tems 
ope r a t i ng in the v i ci n i t y .  Da t a  f r om the 
I n t e r d e pa r tm e n t  Ra d i o Adv i s o r y  Comm i t t e e  
( I RAC ) compu t e r  f i l e s  we r e  used a l o ng 
w i th OT/ I TS p r opag a t i on mod e l s  to p r e d i ct 
po t e n t i a l  i n t e r f e r ence , to r e commend op
t imum r a d a r  s i t e l oca t i ons , and to s ug
g e s t  tech n i ca l  a nd ope r a t i o na l  means f o r  
m i n im i z i ng i n te r f e rence .  Th e e f f e ct s  o f  
t e r r a i n  s h i e l d i ng we r e  co n s i d e r ed i n  
the se s t ud i e s .  F igu r e  1 - 5 i s  a typ i cal 
o u tput f r om prog ram S HADO -- one me thod 
used to co n s i d e r te r r a i n e f f ects . 

��\�The Automo t i v e  E M I  Rese a r ch conducted 
t h i s  f i s ca l  year was the s e cond pha se o f  
a study , p e r f o rmed f o r  the N a t i o n a l  H i g h
way Tr a f f i c  S a f e ty Admi n i s t r a t i o n , to 
d et e r m i ne the po t e n t i a l  p r o b l em o f  e l e c
t r omagne t i c  i n ter f e r ence f r om a l l  s ou r ce s  
( i n t e r na l  a nd e x t e r n a l  to the v eh i cl e )  
that may ca use m a l f un ct i o n  o f  m o to r  v e 
h i cl e  e l ectr o n i c  con t r o l  a nd e l ect r o n i 
cal l y a ct iv a t ed sa f e ty con tr o l  d e v i ce s .  

Th e P h a se I s t udy p r o d u ced d o cuments a nd 
mod e l s  i ncl ud i ng :  

1 .  a f i l e  o f  po te n t i a l  i n te r f e r-
ence so u r ce s  i n t e r na l  t o  t h e  v e h i cl e , 

2 .  a f i l e  o f  po te n ti a l  i n t e r  f e r -
e n ce so u r ce s  e x t e r n a l  to the v e h i cl e , 

3 .  a computer a na l ys i s  o f  the con
d uct ed a nd co upled t r a n s f e r  of s i g na l s i n  
t yp i ca l  cab l i ng and w i r ing ci r cu i t s o f  
t h e  v e h i cl e , 

4 .  compu t e r  a na l y s i s  to d e te r m i ne 
s e n s i t iv i t i e s  o f  typi cal a u tomo t i v e  e l e c
t r on i c  ci r cu i t s a nd s ub sys tems , a nd 
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5 .  a n  ou t l ine o f  v a l i d a t i o n  te sts 
and p r e l im i na ry g u i d e l i ne s  i d e n t i f y i ng 
poten t i a l  p r o b l em a r e a s .  

Th e P h a s e  I I  e f fo r t was d e s i g ned t o  val i
d a te and expand the f i l e s  o n  the i n t e r na l  
i n te r f e r e nce so u r ce s  through mea s u r em e n ts 
o f  s ig na l s  g en e r a t ed by n o r mal equipm e n t  
f un ct i o n s  a nd s u b s e q u e n t  t r a n s f e r  a nd 
co upl i ng o f  the se s i g na l s  v i a  the cabl i ng 
a nd w i r i ng h a r ne sse s .  An e l e ctr omag n e t i c  
f i eld- to-w i r e  co upl i ng a na ly s i s  p r og ram 
was used to f u r the r s tudy the impact of 
ca b l e  l eng th , imped a n ces , a nd a pe r tur e 
( ope n i ng s  i n  the v e h i cle body ) s i ze s  o n  
the po t e n t i al co upl i ng of s ig na l  f i e l d s  
o n to typ i ca l  v e h i cl e  cabl e s .  

A s e r i e s  o f  s u s cep t i b i l ity t e s t s , a l so 
pe r fo rmed i n  P h a s e  I I ,  we r e  d e s i g ned to 
d e scr i b e  a t e s t i ng proce d u r e  and to o b
t a i n  sys tem upse t ( ma l funct i o n ) l evel s i n  
the pr e se n ce o f  i n t e r f e r e nce s i g na l s  
cha r a ct e r i s t i c  o f  those d e scr i b ed i n  the 
e nv i r onm e n ta l  f i l e s .  Ca nd idate sys tems 
for th i s  t e s t i ng we r e  a speed con tr ol 
sys tem a nd a n  a n t i - s k i d  b r a k i ng con tr o l  
mod u l e .  

The r e su l ts o f  the e nv i r onm e n ta l  measure
ments , t h e  sub sys tem t e s t s , a nd i nfo r ma
t i on o b t a i ned f r om the cu r r e n t  r e se a r ch 
a nd s t ud y e f f o r ts o f  the e l ect r o n i c  and 
automo t i v e  i nd u s tr i e s  se rved a s  a b a s i s  
f o r  r e f i n i ng t h e  EMC g u i d e l i ne s  s e t  fo r th 
i n  Phase I .  

F igu r �  1 - 6 i d e n t i f i e s  a nd de scr ibes some 
of the pote n t i a l  e x t e r na l  a nd i n te r na l  
i n t e r f e r e nce sour ces wh i ch may ca use con
d i t i o n s  o f  upset o r  mal f u n ction i n  a uto
m o t i v e  e l ectr o n i cs .  Th e s e  s i g n a l s  a r e  
con s i d e r ed t o  be the wo r s t - ca se s i t ua
t i ons wh i ch wi l l  e x i s t  under normal ve
h i cl e  ope r a t i ng co nd i t io n s .  A f u r the r 
e xamp l e  o f  the v e h i cl e  i n t e r na l  e nv i r on
m e n t  is i l l u s tr a ted in f igu r e  1 - 7 . Th i s  
f i g u r e  i s  o n e  o f  a s e t  wh i ch r e su l ted 
f r om the m e a s u r ements p r og r am d e s i g ned to 
e v a l u a t e  s i g na l s  that a r e  g en e r a t ed and 
co upled w i th i n  the v e h i cle . The wave
f o r ms i n  f igu r �  1 - 7  a r e  typi ca l  o f  tho se 
g en e r a ted ( a nd coupl ed ) f r om normal op
e r a t io n  of e l e ct r i ca l  d ev i ce s  in the ve
h i cl e .  

S e v e r a l  s e ts o f  d a t a r e sul ted f r om the 
s u s cep t i bi l i ty te sts co nducted on the 
speed co n tr o l  sys tem and the a n t i - s k id 
con tr o l  mod u l e . Re p r e se n t a t i v e  of the se 
d a t a is f igu r e  1 - 8 .  Upset l e v e l s  ( o f i n
j ect ed s ig na l s )  a r e  shown a s  a fu nct ion 
of f r eq u e n cy .  Th e s e  d a t a  show that the 
v e l o ci ty s e n s o r  i s  a lmo s t  immune to i n
t e r f e r e n ce b elow 1 5  MHz a nd very s u scep
t i b l e  above 5 0  MHz . A reg i o n  of i n te rme
d ia t e  suscept i b i l i ty o ccu r s  be twe e n  1 5  
a nd 5 0  M H z . Th e i n j e cted i n t e r f e r e nce 
s ig na l  was co n t i nuous wav e , a nd the upset 
cr i t e r ion was d ef i ned a s  a d e pa r t u r e  f r om 



6 

4 

(/) 2 
Q) Q) '-
0' 
Q) 0 0 

� 
Q) 
0' 
c 

<[ -2 
c 
0 

..... 
0 
> 
Q) 6 w 

E 
c 4 0 N 
'-
0 

I 
2 

0 

-2 

r-------�r-------�------------+---------+--------�--------� 

N NE 

::-:-:: 'l� ..... ... . � ... . .. ..... ....... ............. � 
..... ....... .............. . 
..... ....... .............. . . 
..... ....... ............... ... . 
..... ...... . ............... .... . 
..... ....... ............... ..... . 

..... . .... 

.......... 

. . ........ 

.......... 

.......... 

.......... 

.......... 

.......... 

.......... .......... 

. .......... ....... . 

. .......... ....... . 

. .......... ....... . 

. .......... ....... . 

. .......... ....... . 

........... ....... . 

........... ....... . 

........... .. . .... . 

. . ......... ....... . 

........... ....... . 
··········· ....... . 

E 

... . .. . ... .. 

... ......... 

... ......... 

... ......... 

... ......... 

... ......... 

... ......... 

... ......... 

... ......... . .. ......... 

SE s 

Ht =12.2m 

�� ..... . 
.... ......... . .. ......... . ..... ..... ... . ..... . . 

. ............................... ............... . 
..................... 
. ................... . 
. ................ . .. . 
. ................... . 
. ................... . . ...... . ............ . 
. ................ . .. . 
. .......... . ........ . 
. ...... . ... . ........ . 
..................... . ..... . 

s sw w NW N 
Horizons- Phoenix, Arizona 

F i g u r e  1-5. H o r i z o n  a ngles a r ou nd a p r oposed r ad a r  s i t e . 

6 



�.� � 

--.1 

E X T E R N A L  S O U R C E S  

B R O A D CAST STAT I O N S  - 1 0 - 7 5  V / m  1 == 1 6 0  M ET E R S )  

RADAR - 2 0 0  V / m  1 == 3 0 0  M E T E R S )  

P O W E R  L I N E S - 1 0 - 1 0 0 0  V / m  l U N D E R  P O W E R  L I N E )  

M O B I L E  RA D I O  - 3 0  V / m  I ==  2 M ET E R S )  

L I G H T N I N G  - 1 5 0 0 V / m  I ==  5 0 0  M ET E R S )  

I N T E R N A L  S O U R C ES 

P R I M A RY P O W E R  S U P P LY - N O R M A L  1 1 0 - 1 6 )  V d c  
A B N O R M A L  1 5 - 3 6 )  V d c  

T R A N S I E N T S  - 1 2 5V :::: 5 s 
-2 1 0V _ 

+ B OV - 3 2 0  fJ. S 

I G N I T I O N  - N O R M A L  :::: 3 V 
A B N O R M A L :::: 7 5  V 

H F  N O I S E  - 2 0 - 4 0  V p - p  1 1 0 0  K H z  - 7 . 0  M H z )  

F ig u r e  1-6 . Sour ces o f  elec t r omag n e t i c  i n t e r f e r e nc e . 
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a b r a k e  m od u l a t io n  r a te measu r ed d u r i ng a 
n o n i n t e r f e r e n c e  c o nd i t i o n . 

The EMC g u id e l i n e s  r e sul t i ng f r om t h i s  
s t ud y  w i l l  s e r v e  t o  empha s i z e  a nd h ig h
l ig h t  those fac tor s i n  the u s e  o f  e l ec 
t r o n i c s  f o r  a utomo t iv e  sa f e ty a nd c o n t r o l  
that a r e  i mpo r ta n t  t o  the ac c omp l i shm e n t  
o f  EMC among t h e  v a r ious subsys tems . I n  
c o n s id e r i ng r u l e s  o r  s ta nda r d s  f o r  e l ec
t r o n i c s  in a u tomo b i l e s ,  it  is impo r ta n t  
to r emember that t h e  a ppl i c a t i o n s  o f  
e l e c t r o n 1 c s  f o r  the s e  purposes 
th e i r  i n f a nc y  a nd that the t r e nd 
c e r ta i n ly towa rd a mod u lar o r  
p r o c e s s o r  concept . 

a r e  i n  
i s  mo s t  
c e n t r a l  

SECTION 1 . 2 . SPECTRUM ENGINEERING 
TECHN I QUE S 

Impo r ta n t  me thod s a nd tec h n i q u e s  f o r  
Spec t r um Eng i ne e r i ng a r e  u nd e r  develop
ment to me e t  a wide range of r eq u i r e
men ts . These m e t hods add r e s s  very spec i 
f i c s i t u a t i o n s  a s  we l l  a s  the b r oad que s
t i o n s  o f  o p t im i z a t i o n  to pr ov i d e  ma x imum 
bene f i t  to the t o ta l  u s e r  commun i ty . 

For  over a d e c ad e , g o v e r nme n t ,  a c ad em i c ,  
a nd i nd u s tr ial g r oups h av e  advoc ated de
v e l opment of methods for  i mp r ov i ng the 
ove r a l l  e f f ec t iv e n e s s  of the u t i l i z a t io n  
o f  t h e  spec t r u m  ( a s oppo sed t o  t h e  opt i
m i za t i o n  o f  the p e r f o r mance of i nd i v i d u a l  
sys tems ) .  Th i s  c o n c e r n  p a r a l le led a nd 
even p r e d at ed s im i l a r  r e al i za t i ons tha t 
ideal commo n use o f  env i r onmental re
s o u r c e s  such a s  a i r  a nd wa t e r  ma y n o t  
c o i n c i d e  w i th e c o n om i c  ma x i m i z a t i o n  o f  a n  
i nd iv id u a l  u s e r ' s  p r o f i t s . 

�� The o bj e c t i v e  o f  the T r a d ��f f s  f o r  Opt i-
\,p) � Spec t r um U s e  p r o j e c t  i s  to d evelop a 

qua n t i ta t i v e  m od e l  wh i c h  c a n  e v a l u a t e  the 
c ompl i c a t ed i n te r a c t i o n  o f  spec t r u m  use 
f a c to r s  a nd d e t e r m i ne the spec i f i c  
t r ad e o f f s  wh i ch r e sul t i n  ma x i mum agg r e
g a t e  s e r v i c e  i n  a c onge s ted f r equency 
ba nd a nd a re a . The method s w i l l  be u se
ful to spec t r u m  po l i cy mak e r s , f r eque ncy 
manag e r s ,  a nd o r g a n i z a t i ons ope r a t i ng 
s pec tr um- u s i ng sys tems . 

The i ni t i a l  mod e l  devel oped l a s t  year  was 
extended to a c commod a t e  na r r ow-beam a n
tenna s  w i th p r o bab i l i s t i c  pa t te r n s , t ime
occupancy p r obab i l i t i e s ,  and c o n s i d e r a 
t io n  o f  the d i s tr i bu t i o n  of equ i pment i n  
f r equenc y . Wa ys o f  i n c l u d i ng d i s tr ibu
t io n s  o f  a n tenna h e i g hts a nd tun i ng er
r o r s  in  the c a l c u l a t ion we r e  f o r mul a ted . 
The b a s i c  o u tput pa r ameter o f  the mod e l  
i s  " spec t r um u t i l i z a t i o n  e f f i c i ency , "  b u t  
the r e  i s  no g e ne r a l l y a c c epted d e f i n i t i o n  
o f  t h a t  t e r m . T h e  g e neral f o r m  chosen 
f o r  th i s  p r oj ec t i s : 

c ommuni cat i o n s  ac h i ev e d  
( ba nd w i d th ) e ( geome t r i c  spa c e ) e ( t ime ) . 

A paper j u s t i f y i ng t h i s  c h o i c e  a ppe a r s  i n  
the Co n f e r ence P r o c eed i ng s  o f  the I EE E  
1 9 7 6  I n t e r na t ional Sympo s i um on E l e c t r o
mag ne t i c  Compa t i b i l i ty ,  a nd C C I R  S tud y 
G r oup 1 adopted a new r epo r t  i nc o r po r a t
i ng t h i s  c oncept at i ts 1 9 7 6  I n t e r i m  
Mee t i ng . 

S ome po s s i b l e  t r a d eo f f s  i n  a pr opo sed new 
c i t i z e n s '  b a nd at 2 2 5  MHz were a n a l y z ed 
mak i ng a number o f  r e a so n a b l e  a ss umpt i o n s  
a bo u t  equ i pm e n t  a nd s e r v i c e  t yp e . The 
spec t r um u t i l i z a t i o n  e f f i c i ency , E ,  wa s 
d e f i ned a s  f o l lows : 

wh e r e : N i s  the n umber  o f  u se r s  w i th 
s a t i s fa c t o r y  s e r v i c e  ( sa t i s 
f a c t o r y  se r v i c e  i s  spec i fi ed b y  
a g iv e n  o ut pu t  s ig n a l - to
i n t e r f e r e n c e  l evel , Q ) ,  

B i s  the to tal band w i d th i n  
MHz , a nd 

A i s  the t o t a l  a r ea s e r ved i n  
squa r e  k m .  

F igu r e  1 -9 shows the spec t r um u s e  e f f i 
c i ency a s  a f u n c t i o n  o f  i nd iv i d u a l  chan
n e l  w i d t h  f o r  th r e e q ua l i t i e s  o f  se r v i c e  
a s sumi ng FM v o i c e  ope r a t i o n . Fo r a low 
qual i ty s e r v i c e  ( Q  = 20 dB ) ,  the opt i mu m  
c hannel w i d th i s  a b o u t  2 5  k Hz . Fo r h i g h  
qual i ty s e r v i c e  ( Q  = 4 0  dB ) ,  the optimum 
c hannel width is mo r e  than 60 k H z , a nd 
only o ne- f o u r th a s  many use r s  c a n  b e  
s e rved . 

F igu r e  1 - 1 0  shows spe c t r um u s e  e f f i c i ency 
a s  a f u n c t i o n  o f  the u n ce r ta i n ty i n  
t r a n sm i s s io n  l o s s  a nd the l i ke l iho od o f  
a c h i ev i ng the d e s i r ed q ua l i ty o f  s e r v i c e . 
Decr ea s i ng the u n c e r ta i n ty i n  tra nsmis
s io n  l o s s i n c r e a s e s  the number · o f  u se r s  
who c a n  b e  se r v ed , a nd r e l ax i ng the se r 
v i c e  pr obabi l i ty r eq u i r e d  a l so i n c r e a se s 
the numbe r o f  po s s i b l e  u se r s .  

'v"'
"'"Digi tal I n t e r f e r e n c e  E v a l ua t i2!}. .  The 

pe r fo r mance of d ig i ta l  s y s t ems in i n te r 
f e r e n c e  has b e e n  t h e  s u b j e c t  o f  a numb e r  
o f  s tud i e s  d ur ing the pa s t  f ew ye a r s .  
Mo s t  o f  the wo r k , h oweve r ,  has been theo
r e t ic a l  a nd i s  ba sed on i d e a l  mod ems a nd 
f i l t e r s . Expe r imental v e r i f i c at i o n  o f  
the pred i c t i o n s  i s  e i th e r  r a r e  o r  non
e x i s t e n t .  Th u s ,  the f o l lo w i ng p r o j e c t  
w a s  unde r ta k en t o  me a s u r e  t h e  pe r f o rmance 
o f  v a r ious typ e s  o f  d ig i ta l  sys t ems i n  
n o i se a nd i n t e r f e r e nc e ,  a nd then comp a r e  
t h e  r e s ul ts w i th p r ed i c t i o n s  u s i ng a na
l y t i c a l  me thod s d ev e loped e a r l i e r  in t h i s  
p r o j ec t .  

1 0  

The pe r f o r ma n c e  o f  s i x d i f f e r e n t  d ig i ta l  
modems was mea su r ed i n  Ga u s s i a n  no i s e  a nd 
add i t ive i n ter f e r e nc e .  These modems r ep
r e se n t  f i v e  d i f f e r e n t  type s o f  d ig i ta l  



F ig u r e  1 - 9 . S pec t r um u til i z a tion 
e f f ic iency in p r oposed 
Citiz e n ' s  B a nd as a 
f unc tion o f  channel 
wid th for t h r e e  quali
ties o f  se rvic e . No
tice the optimum c h a n
nel wid th f o r  each 
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Fig ur e  1 - 1 0 .  Spec t r um utiliza tion 
e f ficienc y  as a f unc
tio n of t r a nsmission 
loss unc e r tainty , for  
t h r ee service proba
bil ities . 
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mod u l a t io n . Two o f  the d i g i ta l  mod em s  
used phase- s h i f t- k ey i ng w i t h  c o h e r e n t  
d et ec t io n  ( CPS K ) , a nd o n e  o f  t h e  modem s  
u t i l i zed phase- s h i f t- k e y i ng w i th d i f f e r 
e n t i a l l y c o he r e n t  de tec t i o n  ( DPS K ) . Mo d
u l a t i o n  f o rm a t s  used by t he o t he r  modem s  
i nc lu d e  noncoh e r e n t  f r eq uency- s h i f t- k ey
i ng ( NCFSK ) , m i n imum- s h i f t- k ey i ng ( MSK ) , 
a nd a t h i r d  technique that i s  p r e se n tl y  
c l a s s i f i ed o n l y  a s  a bandwi d th c o n s e r 
v a t i o n  type o f  modu l a t io n . B i t  r a t e s  of 
the modem s  t e s ted r a ng ed f r om 300 to 9 6 0 0  
b/s . 

The r e sul ts f r om the labo r a t o r y  mea s u r e
m e n ts s howed some dev i a t i o n  f r om the o r e
t i c a l  p r ed i c t io n s .  Mo s t  o f  the d e v i a t i o n  
a ppe a r ed i n  t h e  pe r f ormance o f  t h e  modem s  
i n  Ga u s s i a n  no i se w i tho u t  i n t e r f e r e nc e .  
An example o f  th i s  i s  g iv e n  i n  f igu r e  1 -
1 1  whe r e  the proba b i l i ty o f  e r r o r  o f  one 
of the CPSK mod ems is shown w i th o n l y  
Ga u s s i a n  n o i se . A s  c a n  b e  s e e n , t h e  ac
t u a l  modern p e r formance is a bo u t  3 . 5 dB 
f r om theo r e t ic a l  p r e d i c t i o n s . Th i s  i s  
a l s o  r e f l ec t ed i n  th e p r ed i c t i o n  f o r  t h i s  
mod em i n  i n te r f e rence . Figu r e  1 - 1 2  shows 
the pe r f o rm a n c e  of t h i s  same mod em w i th 
cw i nt e r f e r e nc e and Ga u s s i a n  n o i se . As 
can b e  see n ,  the p r ed i c t ion b a sed on a n  
i d e a l  modern i s  c o n s id er a bly o p t im i s t i c . 
I f  the p r ed i c t io n s  a r e c o r r e c ted for  
nonopt imurn per formanc e ,  howeve r , they 
a g r e e  r e a so nably w i th the mea s u r emen ts . 

The moderns we r e  a l s o  mea s u r ed w i th a 
v a r i ety o f  d i f f e r e n t  i n te r f e r e n c e  s i t ua
t i o n s .  Data we r e  c o l l ec t ed show i ng the 
e f f ec t s  of f r eque ncy o f f s e t  b etween the 
v ic t im and i n ter f e r e r .  The pe r fo rmance 
of the m odems wa s a l so s tud ied w i th m od u 
l ated i n te r f e r ence a s  we l l  a s  cw i n ter
f er e nc e ,  a nd the e f fects o f  i n t e r f e r e nc e  
o n  acq u i s i t i o n  t ime were a l s o m e a su r ed . 

C u r r e n tly , a r epo r t  i s  b e i ng prepared 
d e sc r i b i ng the te s t  r e sul ts . Plans for 
f u t ur e  s tud i e s  o n  the sub j e c t  i nc l ud e  
m e a s u r ements o f  c ompl ete d i g i t a l  sys tems 
in i n te r f e r e nc e .  Al so , proced u r e s  a r e  to 
b e  d ev e l oped f o r  th eo r e t i c a l l y p r ed i c t i ng 
d eg r ad a t i o n  to d i g i ta l  sys tems f r om a ny 
t ype o f  i n te r f e r e nc e .  These p r o c ed u r e s  
a r e  t o  t a k e  i n to accoun t t h e  nonopt im um 
p e r fo rmance o f  the modems . 

EMC o f  Sma l l  Ea r th Te r m i na l s . The u . s .  
Army is  d ev e l opi ng a se r i es-o f  t r a n spo r t
a b l e  o r  mobi l e  sate l l i te t e rm i na l s  f o r  
use i n  t h e  7 - 8 GHz b a nd ( f igu r e  1 - 1 3 ) . 
These systems m u s t  s h a r e  thi s band w i th a 
l a r g e  number o f  t e r r e s t r i a l  m i c r owave 
sys tems . P r ocedu r e s  a r e  needed to i n s u r e  
that t h e  sys tems w i l l  ope r a t e  c ompa t ibly . 

Th i s  p r og r am h a s  exami ned the impac t o n  
t h e  r ad io r u l e s a nd r e g u l a t io n s  c aused by 
the i n t r od u c t i o n  o f  t r a nspo r table t e r m i n
a l s  i n to th i s  f r equency b a nd , a nd h a s  d e
v e l oped p r o c ed u r e s  f o r  ma k i ng f r eq ue nc y  

1 2  

a s s i g nm e n ts t o  t he se sys tems that w i l l  
i n s u r e  e l ec tr omagne t i c  c ompa t i b i l i ty w i th 
the o th e r  occu pants o f  t h i s  b a nd . 

The p r o j e c t  r ev i ewed the n a t i o na l  a nd i n
t e r na t io na l  r ad io r eg u l a t i o n s  a s  they a f 
f e c t  ope r a t i on o f  tr a nspor table termi na l s  
i n  the 7 - 8  G H z  b a nd . The proj e c t  d ev e l 
oped a p r o c ed u r e  by wh ich a r ea f r eque ncy 
a s s ig nments c o u l d  b e  made to t r a n spor t
able system s . Th i s  p r o c e d u r e  i s  ba sed on 
a c omp r e h e n s i v e  c a l c u l a t i o n  o f  s i g na l- to
i n te r f e r e n c e  r a t i o s  o v e r  the d e s i r ed op
e r a t i ng a r e a  of the s a t e l l i te t e rm i na l s .  
The c a l c u l a t io n s  o f  EMC a r e  made u s i ng 
a c tual ope r a t i ng e q u i pm e n t  pa r am e t e r s ,  
a nd a c tual  ea r th topog r aphy . A model f o r  
t h e  ear th t e r m i nal a nt e n na wa s a l so d e
v e loped , a nd t r a d e- o f f  s tud i e s  we r e  made 
to show the e f f ec ts o n  o r b i t  u t i l i z a t i o n  
o f  the 6 5A t r a nspo r table e a r th t e r m i na l  
a n tenna i n  c ompa r i son to the l a r g e r  4 8 � A 
d i shes u sed by some f i x ed t e rm i na l s . 

The s t udy h a s  shown that the se Army 
t r a nspo r table t e rm i na l s  c a n  ope r a t e  c om
pa t i bly w i th the ex i s t i ng t e r r e s t r i a l  
a s s i g nm e n ts whe r e  the p r ope r f r equenc i e s  
a r e  c hosen f o r  e a r th t e r m i n a l  ope r a t io n  
a s  a f u nc t i o n  o f  a r ea . An a r ea a ss i g n
m e n t  proced u r e  p r od u c e s  r e s tr i c ted a r e a  
maps ( RAM ' s )  t h a t  s how r eg io n s  t o  b e  
avo ided ( �u r e  1 - 1 4 ) .  The s tud y h a s  
r ec omme nded that the c o ncepts o f  mobi
l i ty ,  t r a nspo r tabi l i ty ,  a nd a r e a a ss i g n
ments f o r  ea r th s ta t i o n s  be d i sc u s sed i n  
the n a t ional a nd i nt e r na t ional f o r um s  s o  
that prov i s i o n s  f o r  th i s  type o f  opera
t ion c a n  b e  c l e a r l y  e s ta b l i shed . The r e 
sul ts o f  t h i s  s t udy w i l l  b e  u sed by t h e  
Army a nd OTP t o  d ev e l o p  a p r o c ed u r e  f o r  
compa t i b l e  u s e  o f  the se t e r m i na l s  a t  f o u r  
t r a i n i ng l o c a t io n s  i n  t h e  u . s .  The pro
g r am STATIC d ev e l oped f o r  this pr o j e c t  
may a l so b e  r ead i l y  used t o  e s tabl i s h  
r e s tr i c ted a r e a  maps f o r  a ny r eg io n  w h e r e  
t e r r e st r i a l  s ys tem da t a  b a se s  a r e  a v a i l 
a bl e .  

�?�� 
The Model Developme n t  p r o j e c t  develops 
spec tr um- use d e s ig n  tec h n i q u e s  in s uppo r t  
o f  the O f f i c e  o f  Telecommu n i c at io n s  P o l i 
c y  wh i c h  would o f f e r  g r e a t e r  conf idence/ 
l ower r i s k  i n  the a na l y s i s  o f  i n ter -sys
t em i n t e r f e r e nc e .  The t e c h n i q ue s , wh i c h  
u s u a l l y  a r e  implemen ted a s  c omputer p r o
g r am s f o r  e a se a nd e f f i c i e ncy o f  use , a r e  
d ev e l oped t o  meet the OTP ' s  sys tem- a n a l 
y s i s  n e e d s  a nd a r e m a d e  a v a i l able to the 
I RAC-membe r  a g e n c i e s .  The a n a ly s i s  tools 
a nd tec hn i que s a ss i s t  the f r equency man
a g e r s  a nd spec t r um analysts in  m a k i ng 
more e f f i c i e n t  use o f  the f r equency spec
t r um by d ev e l opi ng me thods which a l low 
the manag e r s  a nd a na l y s ts to vary sys tem
d e s ig n  paramet e r s .  The r e s u l t s o f  s u c h  
pa r ame tr ic s t ud i e s  p i npo i n t  n e e d s  f o r  
l ower a n te nna s i d e l o be s ,  o r  l o w e r  t r a ns
m i tter o u t-o f-band em i s s i o n s , or op t im a l  
ope r a t i ng f r eq u e nc i e s , e tc . ,  to mi n i m i z e  
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F ig u r e  1 - 1 1 .  
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po ten t i a l  
w h i c h  a r e  
b ands . 

i n te r f e r e nce 
sha r i ng the 

b e twe e n  systems 
same f r eque ncy 

The obj e c t iv e  of u s i ng these t ec h n iq ues 
i s  to ma x i m i ze the proba b i l i ty o f  succ ess 
when i n tr od uc i ng a new system i n to i ts 
o pe ra t ional env i r o nmen t .  La r g e  pay-o f fs 
a r e  po ten t i a l ly ava i l ab l e  i f  f r eq uency 
manag e r s  a nd sys tem desig n e r s  c onsi d e r  
the EM e nv i r onme n t  d u r i ng a n e w  system ' s  
d esig n phase a nd b e fo r e  the ope r a t i o n a l  
phase when r e t r o f i ts c a n  b e  c ostly . 

D u r i ng FY7 6 ,  t h i s  p r o j e c t  d ev e loped tech
n iques for 1 )  c ompu t i ng s t a t i s t i c a l  i n
t e r fe r enc e- to- no ise r a t ios b etween f i x ed 
t e r r estr i a l  systems , 2 )  c omp u t i ng ea r th 
f o o tpr i n ts f r om g e osta t i ona r y  sa t e l l i tes 
w i th ideal i zed a n tennas o r  w i th use r 
suppl i ed a n tenna patte r ns ,  3 )  c omp u t i ng 
i n t e r f e r e n c e  f r om a i r bo r n e t r a nsm i t ters 
to f i x ed t e r r estr ial r ec e i v e rs , a nd 4 )  
c ompu t i ng a n te nna po i n t i ng a ng l e a nd E I RP 
r estr i c t i ons f r om f i xed t e r r e str ial 
t r a nsm i t t e r s  to the g eos tat i o na r y sa tel
l i te or b i t .  Figu r e s  1 - 1 5  a nd 1 -1 �  a r e  
e xamp l e s  o f  e a r th f o o tpr i n ts f r om a 
g eosta t i o n a r y  sa t e l l i te show i ng c o n to u r s  
o f  c onst a n t  sa t e l l i te- a n tenna g a i n  on the 
e a r th ' s  sur fa c e .  

c y  o f fse t b etwe e n  them . The c u r ves a r e  
p a r a me t r i c  i n  the p r oba b i l i ty o r  p e r c e n t  
o f  t i me t h a t  i n te r f e r e n c e  no g r e a t e r  than 
a spec i f i e d  l ev e l  can b e  expec ted . The 
mod e l  used sta t is t i c a l  va r ia t i ons i n  the 
a n tenna g a i ns a nd pr opag a t i o n  l oss to 
compute the p r obab i l ity of i n t e r f e r e nc e .  
This mod e l  has been doc umen ted i n  OT 
Repo r t  7 6 - 8 4 , " S t a t is t i c a l  F r equency
Distance C u r ves , I n i t i a l  Mod e l . "  

A p l o t  o f  f r eq u e ncy-d ista nce c u r ves such 
as are typ i c a l l y  c ompu t ed by the mod e l  is 
shown in f igu r e  1 -1 8 .  These c u r v es show 
the f r equency sepa r a t ion-d istance sepa r a
t i o n  r e l a t i o nsh i ps wh i c h  o n  the a v e r ag e  
w i l l  r e a l i ze i n te r f e r ence n o  g r e a t e r than 
the no ise power o f  the r ec e i v e r  ( - 8 8  d Bm ) 
5 %  ( so l i d  c u r v e ) , 1 0 %  ( dashed c u r v e ) , a nd 
5 0 %  ( d o t ted c u r v e ) o f  the t im e . Th e mod
e l  a l so w i l l  p r o v i d e  sep a r a te o u tp u t  d a t a  
o n  the c omputed f r equency-d epend e n t  r e
j ec t ion of the r ec e i v e r . Th i s  measu r e  is 
the c om b i ned value r esu l t i ng f r om o f f
f r eque ncy r e j ec t io n  a nd b a ndw i d t h  r e j ec
t i o n  when the r e c e i v e r  b a ndw i d th is na r 
r ower t h a n  t h e  emission spe c t r um w i d th . 

F r equency mana g e r s  a t  the FAA r eq u i r e  a 
k nowl edge o f  the se r v i c e  a nd i n t e r f e r e n c e  
r a ng es o f  the v a r ious a i r  nav i g a t i o n a l  

"''1\� a ids . '!'he A i r  N a v iga t i onal A id �  pr o j e c t  
�?�?

The P r obab i l is t i c  E M C  Model p r o j e c t  con- suppl i es pa r t  of t h is knowledge . Th e 
e l u d ed the f i rs t  phase o f  a l o n g - r a ng e  p r o j e c t  i n c l ud e s  the developm e n t  o f  a 
p r o j e c t  to suppo r t  the OTP a nd I RAC by pr opag a t i o n  model spec i f i c a l ly add r e ssed 
d ev e l op i ng a na l ysis too ls that a l low s ta- to the k i nds o f  systems used i n  a i r  nav i -
t is t i c a l  c o ns i d e r a t i o n  o f  t h e  v a r i a b i l i ty g a t i onal a ids , the implem e n t a t i o n  of t h i s  
asso c i a t e d  w i th each o f  the many f a c tors mod el i n  v a r ious c omputer p r og r ams , a nd 
a f fec t i ng spec t r u m  use a nd e l ec t r omagne- the d e l i v e r y  to the spo nso r of the c onse-
t i c  c omp at i b i l i ty .  q u e n t  c ompu t e r  outpu t . 

F r equency manag ers need the b est poss i b l e  
tools w i th w h i c h  to a na l y z e  poss i b l e  n ew 
f r eq ue ncy ass i g nments w h i c h  c o u l d  c a use 
o r  e x p e r ience i n ter f e r e nc e .  I n  the past , 
a d e t e r m i n is t i c , " wo rst case "  approach to 
f r eq ue ncy manageme n t  o f te n  has bee n prac
t i c ed f o r  lack of better  tools . This 
p r a c t i c e  d e n ies an e f f i c i en t  use o f  the 
r ad io spec t r u m ,  beca use c o n c l usio ns i nd i 
c a t e  mo r e  n eed f o r  spe c t r um t h a n  is ac
t ua l ly the c ase . This p r o j ec t has u n d e r
t a k e n  s t a t i s t i c a l  c h a r a c t e r i z a t i o n  o f  
e a c h  fac to r wh ich c a n  c a use v a r iab i l i ty 
to a n  i n te r f e r e n c e  s i t ua t i o n  a nd ,  thus , 
to a c h i ev e  a n  unde rstand i ng o f  a si t ua 
t io n  w h i c h  i s  r eal ist i c . These f a c to r s  
a r e  pi c to r i a l ly e nume r a ted i n  f igu r e  1 -
1 7 . 

The i n i t i a l  phase o f  t h i s  pr o j e c t  i n
v o lved the sta t i s t i c al c h a r a c t e r i z a t ion 
of the t r a nsm i t t i ng a nd r ec e i v i ng a ntenna 
g a i ns a nd the p r opag a t i o n  l oss , then the 
d ev e lopmen t o f  a mod e l  for  sta t is t i cal 
f r eque ncy-d istance c u rves . S u c h  c u r ves 
p r o v i d e  a n  est ima te of the m i n i mum d is
t a nc e  sepa r a t io n  that i s  r e q u i r e d  b e twe en 
a v i c t i m  r e c ei v e r  a nd a n  i n t e r f e r ing 
t r a nsm i t t e r  as a fu n c t i o n  o f  the f r equen-

1 6  

I n  the past yea r ,  n ew p r o g r ams h a v e  been 
d ev el oped u s i ng the basic model for  p a r 
t i c u l a r  c o n f i g u r a t i o n s .  Among th ese was 
an " a t l as" type pr ese n ta t i o n .  Us i ng the 
mod el , n um e r o us c u rves ( f igu r es 1 - 1 9  and 
1 -2 0 )  we r e  produced for b a c k g r o u nd for a 
new- FAA h a ndbo o k  i n  the a r e a  o f  ATC com
m u n i c a t i o ns i n t e r f e r e n c e  f o r  bo th the U H F  
a n d  VHF b a nds . A n o t h e r  comp u t e r  ca
pab i l i ty d eveloped d u r i ng the past y e a r  
w a s  the a b i l i ty to c omp ute a n d  p l o t  r e
q u i r ed s t a t i o n  sepa r a t ion as a f u n c t i o n  
o f  r e l a t i v e  a nt enna o r i e n ta t i on . Antenna 
a z imuth pa t te r ns a r e  i nc l u d ed in these 
c a l c u l a t ions . 

I TS is c u r r e n tly i nvolv ed i n  a p r o g r am to 
c ompa r e  p r ed i c t ions u s i ng the c ur r e n t  
mod e l  w i th expe r imental d a t a  a nd w i th 
p r e d i c t io ns mad e by o th e r  p r opag a t i on 
m od e ls , the emphasis b e i ng o n  a i r / g r o u nd 
a nd a i r/a i r  d a t a . Gr ound - t o- g r o und d a t a  
is a l so bei ng compa r ed whe rever a ppl i
c a b l e . Co n t r i b u t io ns a r e  a lso bei ng mad e  
to t h e  n e w  h a ndbook f o r  I LS ( i nstr ume n t  
l a nd i ng sys tem ) p l ann i ng a nd i nstalla
t i o n .  
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F ig u r e  1-15. Ex ampl e of e a r th footpr i n t  f r om a g e o s t a t iona ry s a t e l l i t e  
show i ng c ontour o f  c o n s t a n t  s a t e l l i te an tenna g a i n  o n  
po r t i o n  o f  e a r th , pl o t t ed b y  FOOTPR INT . 
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F i g u r e  1-16. E x a mple o f  e a r th f o o tp r i n t f r om a g eo s t a t iona r y  s a t e l l i te 
show i ng c o ntour o f  c o n s t a n t  s a te l l i t e  a ntenna g a in o n  
the U . S . ,  pl o t ted by FOOTPRINT . 
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I n  the f u t u r e ,  we w ill c o n t i nue to ac
q u i r e  more data a nd c ompa r e  w i th p r ed ic
tions made by the model in order to f i nd 
weak po i n t s  i n  the model a nd to f i nd ways 
to improve i t .  

FAA g r o u nd-ba sed a nd a i r bo r ne c omm u n i c a
t io n s  a nd nav igat i o n  a id r e c e i v e r s  a r e  
s ubj e c t  t o  po te n t i a lly d eg r ad i ng i nter
f e r ence f r om o th e r  " i n tend e d "  sou r c e s  of  
r ad i o  s ig nals as well as " un i n te n t i o na l  
r ad i a to r s "  s u c h  a s  a r c weld e r s , a u tomo
t iv e  i g n i t i o n , a nd a w i d e  r a ng e of o th e r  
i nd u s tr i a l ,  c omme r c i a l ,  a nd con sumer 
e qu i pm en t .  The obj e c t i v e  o f  the Em i s s i o n  
Spec t r um S imula t i o n  p r o j e c t  i s  the dev el
opm e n t  o f  a n  a na ly s i s  me thod w h i c h  w i ll 
d e t e r m i n e  the i nfluence o f  t h e s e  unwa nted 
r ad i a t i o n s  o n  the p e r f o rm a nc e  of A i r  
T r a f f i c  Control r ec e i v i ng sys tems . The 
technique is to a c c ommoda t e  the c h a r a c 
t e r i s t i c s  o f  bo th e x i s t i ng a n d  f u t u r e  
r a d i a t io n s  a nd ATC r ec e i v i ng sys tems . 

U n d e r  th i s  proj e c t ,  a c ompu t e r  s imula t i o n  
m odel has been dev eloped . Th e mod el c on
s i s ts o f  c omp u t e r  s ubr o u t i ne s ,  each o f  
wh ich e i ther s imula t e s  a ba s i c  component 
o f  a c ommu n i c a t i o n s  sys tem o r  calc ulat e s  
c h a r a c t e r i s t i c s  o f  a c ompone n t . C u r 
r e n tly ,  t h e  model s imula t e s  a sys tem f o r  
AM , FM,  FSK , P h a s e  Mo dula t io n , o r  SSB 
d e s i r ed s i g nals . Th e i n ter f e r i ng s i g nal 
can be AM , FM , FSK , Phase Modulated , SSB , 
wh i te Ga uss i a n  n o i s e  o r  pulsed c w ,  o r  a ny 
c ombi na t io n  o f  these . The output i s  
g iv e n  i n  te rms o f  e i th e r  time- v oltag e 
s ample s o f  the output wa v e fo rm or i n  
t e rms o f  the o u tput s ig na l- to- i n ter fer
e nc e  r a t i o  spec t r um .  The o u tput can be 
u sed to c ompute p e r f o rmance mea s u r e s  such 
a s  p r obability of  e r r o r  o f  a d ig i tal sys
t em o r  a r ti culat i o n  i nd e x . 

Deta i led docum e n ta t i o n  o n  t h i s  model w i ll 
c o n t i nu e  a nd w i ll be publi shed a s  a n  FAA 
t ec hn i c al r epo r t .  F u t u r e  w o r k  w i ll i n
c lude wo r k  o n  add i t i onal type s o f  i n ter
f e r ing s i g na ls such a s  those f r om i n c i

ance c h a r a c te r i s t i c s  r ep r e sen ted by max i
m um power g a i n  a nd m a i n- lobe beamw i d th 
f o r  s t ud i e s  o f  e le c t r oma g n e t i c  c ompa t i
b i l i ty o f  ter r e str ial and s a t elli t e  c om
m u n i c a t i o n s  s t a t i on s ,  s u sceptibil i ty o f  
elec t r o n i c  counter measu r e  a n tennas to 
j ammi ng , a nd s u s c ep t i b i l i ty of search 
r a d a r s  to  i n t e r f e r e nce . Fo r te r r e s tr ial 
s ta t io n s , s ide-lobe c ha r a c te r i s t i c s  of  
o n- s i te ante nnas over the e n t i r e  hem i s
phe r e  a re r eq u i r ed for  d e t e rm i n i ng coor
d i n a t i o n  p r o c ed u r e s  a nd c r i t e r i a  for f r e
quency sha r i ng . 

A techn i que wa s d eveloped f o r  measur i ng 
the c omplete hem i sphe r i c al powe r -g a i n  
r ad i a t i o n  pat t e r n  o f  m i c r owave a n tennas 
a nd wa s f i r s t  u sed in the m e a s u r em e n t  o f  
the pa t t e r n  o f  a 2 . 4 4  m d i ame t e r  pa r a
bolo idal r e flec tor a n tenna mounted atop a 
m obile small e a r th t e rmi n a l  ope r a t i ng a t  
7 . 5  G H z . An tenna powe r - g a i n  d a t a  we r e  
mea s u r ed v e r s u s  a z imuth a nd e leva t i o n  
a ngles w i th t h e  ea r th t e r m i na l  c en tered 
o n  a heavy-d u ty tur n table f lu s h  wi th t e s t  
r a nge g r ound . Te s t  s i te i llum i na t i o n  was 
a c h i eved with a i r bo r n e  t r a n sm i t t i ng 
a n t e n na s .  Conventional a nd s t a t i s t i c al 
powe r-g a i n  pa t t e r n s  a r e  p r e s e n ted f o r  
lef t-hand c i r cular pola r i z a t i o n  a nd c r o s s  
pola r i z a t i o n . Re sults i nd i c a t e  that s im
ilar sys tems c a nnot r ely upo n o r thog onal 
pola r i z a t i o n  to p r ov i d e  i so la t i o n  or 
c omp a t ibility beyo nd the a ng ula r r e g i o n  
o f  t h e  ma i n  lobe . 

Mea s u r ements o f  la r g e r  d i ameter 
t e rm i na l  a n tenna s a r e scheduled for 
f i sc a l  yea r .  

ear th 
nex t 

F igu r e  1 -1 3  ( wh i c h  appe a r ed e a r l i e r )  
shows the AN/TSC - 8 5  Antenna s i t ua t ed on 
the t u r n table at the OT/ I T S  a n tenna r a ng e  
no r th o f  Boulder . Th e hel i copte r c ar r y
i ng the i llum i na t i ng s o u r c e  i s  shown i n  
the d i s ta nc e .  S t a t i s t i c al r e sults o f  the 
f i r s t  s e t  of measur eme n t s  c ompa r ed to 
C C I R  c u r v e s  are shown in f igu r e  1 - 2 1 . 

d e n tal r a d i a t i o n  d ev i c e s .  Also the model ���' Me a s u r em e n t  V a n  Ope r a t i o n s .  T h i s  p r o j e c t  
w i ll b e  ad j u s ted to s imulat e  pa r t i c ular suppo r t s the OT and OTP f r equency ma nage-
FAA-ATe sys tems . m e n �  ope r a t ions , when m e a s u r ements o n  

S EC T ION 1 . 3 .  SPECTRUM RELATED 
MEASUREMENTS 

S ome aspec ts of spec t r um e f f i c i ency r e
q u i r e  measurements e i ther to augme n t  o r  
validate analy t i c al e s t im a t e s  o r  t o  p r o
v i d e  a c ha r ac te r i za t io n  o f  some pa r t icu
lar f a c t o r  that is  a na ly t i c ally i n tr a c t
a ble . 

Small E a r th T e r m i na l  An tenna Mea s u r e
ments . --ci'i1ec h a r ac t e r i s t i c  o f-

pa r t i c ula r 
c once r n  i s  the pa t t e r n  o f  a ntennas o u t
s id e  the m a i n-beam . 

A k nowledge of a nt e nna s i d e- lobe c ha r a c 
t e r i s t i c s  is a s  impo r ta n t  a s  t h e  p e r f o rm-

2 2  

r ea l  sys tems a nd measur emen t s  o n  the 
elec tr omag net ic e nv i ronm e n t  a r e  needed to 
p r o v i d e  d a t a  n o t  ava i lable f r om f r eq uency 
m a na g ement r ec o r d s .  These d a t a  a r e  
typ i c ally used i n  suppo r t  o f  spec tr um 
pla n n i ng f o r  n ew sys tem s , v al i d a t i o n  o f  
a na ly t i c al models , a nd to r e solv e  EMC 
p r oblem s .  

The f r equency management p r o c e ss r e q u i r e s  
a g r e a t  d eal o f  i n forma t i o n  abo u t  the 
e x i s t i ng s ig nal env i ronm e n t  b e f o r e  mak i ng 
d ec i s ions conc e r ni ng add i ng more s i g na ls 
o r  c h a ng i ng ope r a t i ng s ta nd a rd s . Al
though much g eneral i n fo r m a t i o n  already 
e x i s t s  i n  f r eque ncy manag e r s '  d a t a  ba n k s ,  
t h e r e  a r e  i ns t a nc e s  whe r e  a c t ua l  mea s u r e
ments o f  the e lec t r o n i c  e nv i r onment a r e  
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nece ssa ry . Rad i o  spec tr um o c c upa nc y ,  a s  
d i s t i n c t  f r om f r eque ncy a s s i g nments , i s  a 
type o f  v a l u a b l e  d a t a  w h i c h  c a n  b e  ob
t a i ned only by m ea s u r eme n t .  Of ten v e ry 
d e ta i l ed mea s u r em e n ts o f  pa r t i c ul a r  s i tu
a t io n s  ( s u c h  a s  p r opag a t ion l o s s  a n tenna 
pa t te r ns , spur i o u s  em i s s i o n  char a c te r is
t i c s , i n ter f e r e n c e  b e tween sys tems ope r a
t i ng a t  n ea r by f r eq u e nc i e s , e tc . )  a r e  
needed t o  v e r i f y  o r  imp rove t h e  the o r e t i
c a l  mod e l s  used i n  the f r equenc y  manag e
m e n t  p r oc e ss . 

The Rad i o  Spec tr um Measur ement Sys tem 
( RSMS ) is a compu t e r - c o n t r o l l ed mea s u r e
m e n t  system d e s i g ned to p r ov i d e  f r eq ue ncy 
m a na g e r s  wi th n e eded m e a s u r em en t s  of the 
s i g nal env i r o nm e n t  a t  f r equenc i e s  b etwe e n  
1 0 0  MHz a nd 1 2  G H z . I t  i s  p o r tr ayed i n  
f igu r e s  1 - 2 2  a n d  1 - 2 3 . The pa r t i c u l a r  
types o f  mea sur ements mad e c h a ng e ,  d e
pendi ng on c u r r e n t  r eq u i r em e n ts f o r  d a ta . 
Me a s u r ements mad e i n  the p a s t  year by the 
Me a s u r ement Va n Ope r a t ions a r e r e p r e sen
t a t i v e , but not i nc l u s ive , of the type s 
o f  measu r eme n t s  fo r wh i c h  the RSMS m i g h t  
be used . S i m i l a r l y , t h e  impr ovements 
made i n  the RSMS u n d e r  Mea surement Va n 
Development a r e  g r e a t l y  i n f l uenced by the 
needs o f  the f i el d  oper a t i ons . Spec i a l 
i zed equ ipment a nd so f twa r e  m a y  b e  d e
s ig ned a nd b u i l t  f o r  a v e r y  spec i f i c  
m e a su r em e n t  pr o j e c t .  Gene r a l  improve
ments a r e  a l so made i n  the sys tem c apa
b i l i t i e s ,  wh i c h  a r e  expec ted to imp r ove 
sys tem per formance i n  many types o f  mea s
u r emen ts . These ac t i v i t ies w i l l  be d i s
c u s sed i n  the fo l lo w i ng parag raphs . 

Measu reme n ts o f  the g e ne r a l  spec t r um oc
c upancy in l and mob i l e  r a d i o  ( LMR)  a nd 
r ad a r  bands we r e  c ompl e t ed and analy z ed 
f o r  the Lo s Ang e l e s  and S a n  F r a n c i sco 
a r eas . Sev e r a l  months of m ea s u r ements 
wer e  r equ i r ed in each o f  these a r ea s  to 
assess band o c c upancy in the 1 6 2- 1 7 4  MHz 
and 4 0 6- 4 2 0  MHz F ed e r a l  LMR bands a nd i n  
the 1 0 3 0  MH z ,  1 2 1 5- 1 4 0 0  MH z ,  27 0 0- 37 0 0  
MHz , 5 2 5 0 - 59 2 5  MHz , a nd 8 . 5- 1 0 . 5  GHz  
r a d a r  band s .  C l a s s i f i ed r epo r t s o f  the 
meas u r ement r e s u l t s  we r e  wr i t ten fo r OTP 
d i s t r i b u t i o n . 

A maj or obj e c t i v e  o f  the mea s u r ements i n  
the LMR bands wa s t o  d e termi ne b a nd oc
c upa ncy . A l th o ug h  several u se r s  a r e 
typ i c a l ly a s s ig n ed to a s i ng l e  LMR chan
nel , m ea s u r em e n ts a r e  n ec e ss a r y  to d e t e r
m i ne how much o f  the t ime a c h annel i s  
a c t ua l ly used . Me a s u r em e n ts s u g g e s t  that 
many c hannels are  i n f r equently u sed by 
hold i ng the a s s i g nments , t h us ma k i ng 
t o l e r a b l e  a s i t ua t i o n  wh i c h  o n  pape r i n
d i c a t e s  s e r io u s  c r owd i ng .  

The stud i e s  i n  the r a d a r  bands p r ovi ded 
a n  oppo r tun i ty t o  i d e n t i fy t he c h a r a c t e r 
i s t i c s  a nd ide n t i ty o f  ope r a t i ng r ada r s .  
The ope r a t i ng c h a r a c t e r i s t i c s o f  r ad a r s  
w h i c h  we r e  mea su r ed i nc l u d e  f r equency 
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em i s s i on spec t r a , pul se r e pe t i t i o n  f r e
q uency ( P RF ) , pulse w i d th , a ntenna pat
t e r n ,  a nd a n tenna r o t a t i o n  pe r iod . Th e s e  
c ha r a c t e r i s t i c s  we r e  u sed to i d e n t i f y  the 
r a d a r s ,  to e s t a b l i s h  whe ther  the r a d a r  
m e t  nom inal a nd regu l a to r y  spec i f i c a
t i o n s , a nd to see how c l o s e l y  the ac tua l  
r a d a r  e nv i r onm e n t  matched the d at a  i n  the 
Go v e r nment Master  F i l e  ( GMF ) . Th i s  type 
o f  d a ta has been u sed by o th e r  g r o ups to 
wr i te new e ng i ne e r i ng s t a nd a r d s  f o r  r a
d a r s ,  a nd i s  u se f ul to f r eque ncy manag e r s  
t o  d e t e r m i n e  how a c c u r a t e  t he i r  f r equency 
l i s t i ng s  are and to d e t e r m i ne maj or 
c a u s e s  of i na c c u r ac i e s . 

I n  add i t ion to the g e ne r a l  s t ud i e s  i n  the 
Lo s Angel e s  a nd San F r a nc i sc o  a r e a s , a 
spec i a l  s t udy o f  r ad a r s  i n  the 2 7 0 0 - 2 � 0 0  
MHz b a nd was made . The obj ec t iv e  o f  t h i s  
s t ud y  w a s  t o  l ea r n  to p r ed i c t  how many 
r a d a r s  could b e  l o c a t ed in a small geo
g ra ph i c al a r ea ( 2 � m i l e s  in d i ameter ) i n  
that f r equency band a nd n o t  have the 
r ad a r s  i nt e r f e r e w i th each o ther . The 
n umber of r ad a r s  i n  t h i s  b a nd was 
expec ted to d oub l e ,  but g ood a na l y t i c a l  
m od e l s  we r e  not av a i l a b l e  t o  show wh ether 
m u t ua l  i n ter f e r e nce wo uld requ i r e  addi
t i onal f r eq ue ncy a l lo c a t i o n s  for the 
add i t i o na l  r ad a r s . 

Ex t e n s i v e  mea s u r ements o f  r ad a r  spec t r a l  
c h a r a c ter i s t i c s  we r e  m a d e  to obta i n  
f r eque ncy-depend e n t  i n ter f e r ence fac tor s .  
Th e d i s tance-depe nd e n t  f a c to r s  we r e  ob
t a i ned by pred i c t i ng pr opa g a t i o n  l o s s  
b e tween a l l  o f  the r a d a r s  i n  the Lo s 
Ang e l e s  a nd S a n  F r a nc i s c o  a r e a s  a nd com
p a r i ng these p r ed i c t i o n s  to mea s u r ements 
made a t  each of the radar s i t e s .  Mea s
u r em e n t  d a t a  we r e  used , i n  t ur n ,  t o  im
p r ove the p r e d i c t i o n  p r o c e s s . V i s i ts a t  
e a c h  o f  the s i t e s  c on f i rm ed ( o r r e j ec ted ) 
the p r e senc e o f  p r ed i c ted r ad a r  i n t e r f e r 
ence . Ad d i t i o n a l  t e s t s  o n  r ad a r s  s howed 
the suscep t i b i l i ty of v a r i o u b  types o f  
r a d a r  s ig nal p r o c e s s i ng t o  v a r io u s  
amoun ts o f  i n t e r f e r ence . 

The f i na l  r e po r t  w i l l  show that too l s  
ex i s t  t o  p r e d i c t  r ad a r  i n te r f e r e n c e  wi th 
a c c u r ac i e s  of + or - 2 0  d B , w i �h most o f  
the i na c c u r a cy bei ng c aused b y  the pr opa
g a t i on l o s s  pred i c t io n . Fur thermor e ,  
t h e r e  a r e ma ny t ec h n i que s ava i l ab l e  t o  
o pe r a t e  r a d a r s  w i th l e s s  f r eq uency sepa
r a t i on than c u r r e n t l y  u se d , i nc l ud i ng 
c l ea n e r  coax i a l  ma gnetr o n s , i n t e r f e r e nc e
r e j ec t i ng d i g i tal p r o c e s s i ng , b e t t e r  con
t r o l  of a n tenna s i d e l o be s ,  e tc . Some o f  
the newer r ada r s  i nc o r po r a t e  these f ea
t u r e s .  

Ano the r spec ial f i eld m e a s u r em e n t  expe r i 
m e n t  i nvol ved l o o k i ng a t  the 1 0 3 0  M H z  a nd 
1 0 9 0 MHz f r equenc i e s  o f  the a i r - t r a f f i c 
c o n t r o l  r a d a r  b eacon sys tem ( ATCRB S ) i n  
the Lo s Ang e l e s  a r ea to d e t e rm i ne the 
cause o f  occas ional sys tem ma l f un c t io n s . 



F i g u r e  1 - 2 2 .  Rad i o  S pec t r um Mea s u r em e n t  Sys tem ( RS MS ) . 
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Al tho ug h  the se ma l f u nc t io n s  a r e  an i n f r e
quen t o c c u r r ence , the r e  i s  conc e r n  tha t 
the prob l em s  may g r ow a nd p r e v e n t  the 
e f f e c t i v e  ope r a t i o n  of pla nned add i t ions 
t o  the sys tem . The RSMS spent t h r e e  
wee k s  a t  a n  FAA r ad a r  s i te l o o k i ng s imul
taneously at the 1 0 3 0 MHz a nd 1 0 90 MHz 
e nv i r onment and the ope ra t io n  o f  the 
ATCRB S , a t tempt i ng to e s ta b l i s h  a " c ause " 
f o r  each o f  the ATCRB S ' m a l f u n c t ion s .  

The expe r ime n t  d epended on two h a r d wa r e  
s y s t ems b u i l t  u p  e spec i a l ly f o r  these 
m ea s u r ements a pul se so r t i ng sys tem 
that a l l owed sma l l  pul se t r a i ns to be 
s epa rated o u t  o f  the v e r y  c r owded 1 0 3 0 /  
1 0 9 0 M H z  e nv i r onmen t ,  a nd a n  i nt e r fa c e  to 
the d ig i t al p r o c e ss i ng e q u i pment of the 
ATCRBS wh i c h  al lowed u s  to mon i tor  i t s  
pe r fo rmanc e .  Th e RSMS w a s  c o n f i g u r ed 
( f igu r e  1 -2 4 ) w i th a P I N  d iode swi tch a t  
t h e  i nput f r om the a n tenna s ,  c o n tr o l l ed 
w i th blank i ng pul se s d e r ived f r om the 
l o c a l  s i te r ad a r s .  Th i s  e l im i na ted a l l  
o f  the l o c a l  r a d a r  p u l s e s  f r om the mea s
u r emen t .  Fu r th e r  pul se so r t i ng was done 
w i th a d ec od e r  that s e l ec t ed only the P3  
a nd F 2  pul se s f r om the 1 0 3 0 a nd 1 0 9 0 MHz  
s ig na l s , f o l l owed by pul se sor t i n g  d one 
o n  the pul se repe t i t i o n  f r equency ( P RF ) 
o f  the P 3  a nd F2 pul se s .  Ga t i ng s i g na l s  
w e r e  devel oped wh i c h  al lowed o n l y  those 
p u l s e s  w h i c h  p a s sed a l l  the tests to be 
m e a s u r ed . The a n tenna pa t t e r n  of a n  
ATCRBS i n te r r og a t o r  a bo u t  1 5  mi l e s  away 
wa s m ea s u r ed at 1 0 3 0  MHz ( f igur �  1 -2 5 ) . 
I t  should be no ted that t h i s  s i g na l  was 
only one o f  many a t  1 0 3 0  MH z ,  and was at 
l ea s t  80 dB b e l ow the l ocal i n t e r r o g a to r ; 
and tha t the pul ses f r om a c o l loca ted 
omnid i r ec t i on a l  a n te n na rad i a t i ng a t  the 
��me PRF have been e l i m i na ted . 

Graph s  we r e  produced au toma t i c a l l y  e v e r y  
3 0  m i nu t e s  wh i c h  showed h o w  t h e  1 0 3 0/ 
1 0 9 0 MHz e n v i r o nm e n t  a ff e c t ed ATCRB S p e r 
formance ( f igu r e  1 - 2 6 ) . whenev e r  s t r o b e s  
o c c u r r ed , t h e  s i g na l  env i r onme n t  a t  
1 0 3 0 /1 0 9 0 M H z  wa s e x ami ned to f i nd a 
cause . 

S EC T ION 1 .  4 .  ADVANC ED INS TRU!I1 ENTATION 
FOR SPECTRUM MEASUREM ENTS 

The Rad i o  Spec t r um Mea s u r em e n t  Sys t em 
(RSMS,--Jis c u s s ed above repr e se n ts the 
p r o t o type o f  se v e r a l  mob i l e  spec t r um 
m e a s u r ement s y s tem s . The i n i t i a l  sys tem 
i s  c o n t i nual ly b e i ng upg r aded to meet new 
long-r ange r e qu i r ements a s  we l l  as spe
c i al ad hoc mea s u r em e n t  need s .  I n  th i s  
pa s t  year a f l oppy d i sc has b een added t o  
the sys tem to imp rove the g e n e r a l  d a ta 
p r o c e s s i ng a nd s ys tem c o n t r o l  c apa b i l i 
t i e s . A d e t e c t o r  log v i d eo ampl i f i e r  has 
been b u i l t  w h i c h  i nc r e a s e s  the s y s t em 
m ea s u r eme n t  bandw i d t h  to 1 0  MHz . The 
a dd i t io n  o f  a t r a n s i e n t  d ig i t i z e r  to the 
RSMS has b e g u n . When i t  i s  f i n i s hed , we 
w i l l  b e  able to make a bu r s t o f  d ig i ta l  
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m ea s u r ements w i th 1 0  nanoseco nd r esolu
t io n , wh i c h  w i l l  b e  pa r ti c u l a r ly valuable 
f o r  s t ud y i ng r ada r pul se s hape s .  

��\O:,"Y 
The EMC Data Reco r d i ng Sys t em r epresents 
a low-c o s t ,  semi-a utoma t i c  c apab i l i ty 
that complem e n ts the l a r g e ,  c omplex sys
t ems l i k e  the RSMS . The U . S .  Ar my Commu
n i c at i o n s  Command h a s  r equ i r ements that 
i nc l ude immed i at e  r e sponse to e l ec tr omag
n e t i c  c ompa t i b i l i ty ( EMC ) p r o b l em s  that 
a ff e c t  the c ommun i c at io n s  c apab i l i t y  i n  
t he i r  sys tems t h r o ug ho u t  the wo r ld . The 
EMC G r o u p  o f  ITS a g r eed to p r ov i d e  the 
u. s .  Army w i th a por tab l e  EMC data re
c o r d i ng a nd a na l y s i s  pac k ag e that is to 
b e  ope r a t ed by Army per so n ne l . 

The obj e c t i v e  was to put together a po r t
able EMC sys tem that c o u l d  be used f o r  
g en e r a l  spec t r um occupancy mea s u r ements 
o f  the powe r spec t r a l  d e n s i t y  o f  po ten
t i a l ly i n te r f e r i ng s i g na l s .  Th i s  sys tem 
i s  mod u l a r  in d e s i g n ,  a nd is sma l l  ( each 
u n i t i s  l e s s  than � i n .  h i g h  by 1 �  i n .  
w i d e  a nd 2 2  i n .  d ee p )  ( f igu r e  1 - 2 7 ) ,  
l ig h twe i g h t , a nd i s  e q u i pped w i th i ts own 
shock m o unted t r a n spo r t  c o n ta i ne r . 

The EMC pac kage c o n s i s ts o f  a spec t r um 
a na l y z e r , o n e  c o n tr o l l e r  a nd d i splay 
c h a s s i s ,  a nd a d u a l  d r iv e  mag ne t i c  t ape 
u n i t .  The spec t r um a na l y z e r  i s  used a s  a 
t unable w ide-b and r e c e i v e r , a nd p r ov i d es 
outputs o f  s ig na l  l ev e l  a nd s i g na l  
f r equency . 

The c o n t r o l  a nd d i splay u n i t  u s e s  a 
m i c r o p r o c esso r a s  the c o n tr o l l i ng e l e
m en t ,  p l u s  o th e r  a s so c i ated e l ec t r o n i c s  
to r e c o r d , mon i to r , a nd d i splay t h e  de
s i r ed s ig na l s .  The c o n t r o l  c h a s s i s  a l s o  
c o n t a i n s  f r o n t  p a n e l  swi tches a nd i nd i
c a t o r s f o r  c o n t r ol a nd d i spl ay . The c on
t r o l l e r  a l so f o rmats the data and c on
t r o l s  the d a t a  t r a n s fe r r ed to the mag ne
t i c tape r ec o r d e r  ( wh i c h  is a d u a l  d r iv e  
c a r tr idge type ) . 

F Y 7 6  a c t iv i ty i nc l uded b u i l d i ng two po r t
a b l e  EMC pac k a g e s  wh ich c on s i s t  of one 
c on t r o l  a nd mon i to r i ng un i t  and one tape 
r ec o r d e r  u n i t  pe r pac kag e .  Along w i th 
the two f i eld-por table pac kag e s , a labo r 
a to r y  d e velopm e n t  pac kag e i s  p r ov ided , 
wh i c h  i nc l u d e s  the same un i ts tha t the 
f i e l d  pac k a g e s  hav e . It a l s o  has a 
m i c r o p r o c esso r d ev e lopm e n t  un i t  a nd c om
m u n i c a t i o n s  t e r m i na l . Th i s  labo r a to r y  
pac kage can b e  u sed i n  the same ma nner a s  
t h e  f i e l d  packag e s , p l u s  i t  al lows sys tem 
s o f twa r e  p r og rams to be d evel oped a nd 
p r o g r amed i n  p r og r amable read-only memo ry 
c h i ps wh i ch are used to c on tr ol the f i eld 
sys tem m i c r o p r o c e s so r s . The EMC data i s  
a l so mon i to r e d  a nd analyzed ( to a l im i ted 
e x t e n t )  by the l abo r a to r y  pac k ag e .  

The uni t i s  a sma l l ,  c ompac t ,  p0we r f ul 
EMC data pac kage that i s  e a sy to ope rate 
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and 
a l so 
t i ng 
w i th 

w i l l  pe r f o rm ma ny f u n c t i o n s .  I t  i s  
v e r sa t i l e  i n  that the ove r a l l  ope ra

c on f i g u r a t i o n  c an be eas i l y  chang ed 
so f twa r e  c h a ng e s .  

Army Au toma t i c  R e c e i �e r  Sys tem . Th e r e  i s  
a c r i t ical  a nd imme d i a t e  need wi th the 
Army f r equency mana g em e n t  c ommu n i ty f o r  
e qu i pm e n t  wh i c h  w i l l  permi t a h ig h  v o l um e  
o f  m ea s u r em e n ts i n  f r equency r e g i ons 
whe r e  measur ement equ i pment ha s been u n
ava i l ab l e .  Us i ng p r e s e n tly ava i l able 
manual t ec h n i qu e s ,  the  Commun i c at io n s  
E l ec t r o n i c s  E n g i n e e r i ng I n s ta l l a t i o n  
Agency o f  t h e  Army Commu n i c a t i o n s  Com
mand , h a s  an e s timated mea sur eme n ts b a c k 
l og o f  a pp r ox imately ten yea r s . B y  u s i ng 
advanced a utomated techn i ques t h i s  b ac k 
l o g  i s  e s t ima t ed a t  t h r e e  yea r s  w i th s ig 
n i f i c an tly impr oved r e s u l ts . 

T h e  pr o j e c t  obj e c t i v e  i s  the d e s ig n ,  
d ev e l opme n t ,  a nd p r o c u r ement o f  a n  a u to
ma t i c  spec tr um a na l y z e r/ r e c e i v e r  sys tem 
c apab l e  of c ompl e t e ly hands- o f f  c o n t r o l  
f o r  mea sur em e n ts i n  t h e  f r e que ncy r eg i on 
b e twe e n  1 0 H z  a nd 40 GHz . Th i s  sys tem 
r equ i r e s  the d ev e l opm e n t  of a r emotely 
locatable r f  d own conv e r ter  f o r  the f r e
quenc y  r eg io n  b e twe e n  2 G H z  a nd 4 0  G H z  
a n d  a t ime c ompr e ss i o n  analy s i s conv e r te r  
betwe e n  1 0  H z  a nd 1 0  k H z . 

I n  add i tion , the e q u i pm e n t  deve lopm e n t  
r eq u i r e s  a n  e x t e n s i v e  r ea l  t i m e  e x e c u t i v e  
ope r a t i ng sys tem . Th i s  is a so f twa r e  
sys tem wh i c h  w i l l  p e rmi t s i g n i f i c a n tly 
e nhanced s ys tem opera t i ng capa b i l i ty by 
prov i d i ng the operator  w i th mu l t ipl e p r o
g r am opera t io n ,  h ig h l y  c on tr o l l ed prog r am 
schedu l i ng ,  o n- s i te data ana l ys i s ,  and 
p r og r am dev e l opm ent c apabi l i ty .  

A l ong w i th the sys tem , a n  EMC T r a i n i ng 
C o u r se i s  b e i ng prepa r ed to p r ovid e  f o r  
the most e f f e c t iv e  ope r a t ion o f  the a u to
mated f r e quency management m e a s u r em e n ts 
s ys tem s d i r e c ted towa rd EMC theory a nd 
mea s u r em e n ts . Th i s  cour se w i l l  c o v e r  
b a s i c  topi c s  i n  r a d i o  pr opaga t i o n , e l ec
t r omag n e t i c  c ompatab i l i t y a n a l y s i s ,  and 
r a d i o  f r eque ncy i n t e r f e r e nc e  p r o b l ems . 
I n  add i tion , e qu i pment ope r a t ions a nd 
m ea sur ements s c e na r io s  w i l l  b e  made a 
pa r t  o f  the c o u r s e  ma t e r ia l . 

T h e  c o u r se mat e r i a l  a nd one i n s t r uc t i on 
cour se w i l l  b e  p r ov i d ed for each Army 
p e r sonne l  s t ud e n t .  Th i s  c o u r se w i l l  b e  
c onduc ted by I TS per sonnel i n  Boul d e r . A 
s econd j o i n t  c o u r s e  w i t h  Army per sonnel 
pa r t i c i pa t i ng w i l l  b e  c o nduc t ed at F t . 
Huachuc a , Ar i zo na , a f te r  wh i c h  a l l  i n
s tr u c t ional m a te r ia l s  w i l l  b e  d e l i v e r ed 
to the Army f o r  a se r i e s  o f  f u t ur e  
c o u r s e s  t o  be d e l ivered by t h e  Ar my . 

Ano ther companion p r o j e c t  i s  S o f twa r e  
�l i�at ion s .  To u s e  a utoma ted r e c e 1v e r  
s ys tems t o  m e a s u r e  i n ter f e r e n c e  a t  c om-
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munic a t i on s- e l ec tr o n i c  s i te , t o  eva l u a t e  
s a te l l i te g r ound stat ion r e c e i v e r  s i t e s , 
o r  to d e t e rm i ne po ten t i a l  h a z a r d s  to 
equ i pmen t and pe r sonnel r e qu i r e s  a n  ex
tensive appl i c a t i o n s  s o f twa r e  l i br a r y .  
Th e obj e c t i v e  o f  the p r o j e c t  i s  to d ev e l 
op scena r i o s  f o r  v a r i o u s  m e a s u r em e n ts 
s i t ua t i o n s  a nd the n ,  ba sed on the scen
a r i o s ,  t o  d evelop t h e  so f twa r e  r e q u i r ed 
for  an a ut omated r e c e i v e r  to m a k e  the 
necessary measur emen ts . 

The scena r io s  d ev e loped c a l l  f o r  m e a s u r e 
m e n ts b e t w e e n  1 0  H z  a nd 4 0  G H z  u s i ng 
om ni-d i r ec t io na l  a nd d i r ec t i o n- f i nd i ng 
a n tenna s i n  the f r equency r a ng e .  Da t a  
c o l l ec t io n  a nd d a t a  a na l y s i s  a r e  to b e  
a ccompl i s hed a utoma t i c a l l y  w i th p r o v i s io n  
f o r  a v a r i ety o f  f i e ld g e n e r a t ed r e po r ts .  

S o f t11a r e  f o r  I r r egu l a r  T e r rair:! ·  In e s t i
m a t i ng r ad io p r opaga t io n  l o s s e s  a t  VH F 
and h ig h e r  ba nds whe n i r r eg u l a r  te r r a i n 
and a n  i nhomog e ne o u s  a tmo sphe r e  mu s t  be 
a l l owed f o r , the NBS Techn i c a l  Note 1 0 1  
h a s  long been a s ta nda rd r e f e r e nc e .  Un
f o r tuna tely , choos i ng among i ts m� ny 
t ec hn i q u e s  is a d i f f i c u l t  t a s k  r eq u i r 1 ng 
an e ng i n e e r  tho roughly f am i l ia r  wi th the 
techn i q u e s  a nd w i th the phe nomena i n
volved . Th i s  p r o j ec t  w i l l  a t tempt to 
h e lp out he r e . It w i l l  p r od uce a c ompu
ter pr o g r am based on the tec hn i q u e s  o f  
Techn i c a l  Note 1 0 1  b u t  able t o  e x am i ne a 
t e r r a i n  p r o f i l e  and to s e l ec t  the proper  
tec hn i que f o r  the s i t ua t i o n .  Hope f u l l y ,  
the p r og r am w i l l  be good e nough t o  se r v e  
as a " r e f e r e nc e "  aga i n s t  wh i c h  o the r 
p r opa g a t i o n  mod e l s  may be c ompa r e d .  

T h e  implem e n t a t i o n  o f  the p r og r am wi l l  
empha s i z e a utoma t i c e x t r a c t io n  o t  the 
nec e ssa r y  t e r r a i n  prof i l e  f r om the OT 
f i l e  of d ig i t i z ed topo g r aph i c  d a t a . The 
mod e l  should be usable f o r  f r eq u e nc i e s  
f r om 3 0  M H z  t o  1 0 0  G H z  a nd f o r  a n te nna 
h e i ghts f r om the g r o und to super- synchro
nous sate l l i te o r b i ts--almost a nywh e r e  
t h a t  i nvolv e s  t h e  ea r th .  F u r the rmo r e , 
our tr ea tm e n t  h a s  a l re ady gone b eyond the 
techn ique s of Techn i c al Note 1 0 1  a nd bac k 
to the i r  o r ig i na l  sour c e s ,  s i nce the r e 
g io n s  whe r e  the t ec hn i q u e s  a r e  val i d  a r e  
l im i ted by v a r i o u s  a pp r o x i m a t i o n s  a nd 
a s s ump t i on s . 



C HAPTER 2 .  S YS TEMS ENGINEERING -
AND EVA LUAT ION 

The obj e c t i v e  of th i s  p r o g r am sub- e l ement 
is  to p r ov i d e  u s e r - o r i e nted t e l e c om
m u n i c a t i o n  s y s t em pe r forma n c e  c r i te r ia 
and methods o f  p e r f o rmance measur ements . 
These pe r fo rmance c r i te r ia and m e a su r e
m e n t  method s a r e  u s e d  by Federal agenc i e s  
i n  pl a nn i ng , d e s i g n i ng , s pec i fy i ng , p r o
c u r i ng ,  l e a s i ng , a nd ope r a t i ng tel ecommu
n i c a t io n  sys tem s . 

The p r o j e c t  e l em en ts d e sc r i b ed below g en
e r a l ly d e a l  w i th e x i s t i ng or pr opo sed 
t e l e c ommu n i c a t i o n  sys tems a nd/or sub sys
tem s , a nd the obj e c t i v e  o f  mo s t  t a s ks i s  
t o  d ev e l op c r i t e r ia , p r oc e d ur e s ,  m e thod s , 
a nd i nstr ume n ta t i o n s  f o r  te s t i ng , eval
u a t i ng , a nd/or upg r ad i ng the per formance 
of  such s y s tem s . S e c tion 2 . 1 add r e ss e s  
wo r k  r e l a t i ng t o  d a t a  c ommun i c a t i o n s . 
S e c t i o n  2 . 2 p r e sents s ev e r a l  p r o j e c t s  
o r i en ted towa r d  s a t e l l i te c ommun i c a t i o n s . 
S e c t ion 2 . 3  s umma r i z e s  the t e r r e s tr ial 
r ad i o sys tem pe r fo rmance e f f o r ts . S e c
t io n  2 . 4  d ea l s  w i th r ad io cha nnel s im u l a
t io n  a nd r a d i o  sys tem p e r f o rmanc e s tan
d a rd s ,  a nd S e c t i o n  2 .  5 p r e sents · r e l a t ed 
wo r k  i n  f i b e r  o p t i c al c ommu n i c a t io n s .  

S EC TI ON 2 . 1 .  DATA COMMUN I CAT IONS 

The r ap i d  g r owth of d ig i tal c ommu n i ca
t io n s  to perm i t  tr a n s f e r  o f  d a ta b etwe en 
c ompute r s ,  the e n c r y p t i o n  o f  voice c ommu
n i c a t io n s  f o r  s ec u r i ty r e a sons , a nd the 
g r owth o f  spec i a l i z ed netwo r k s f o r  b u s
i ne ss , h e a l t h  c a r e , e l ec tr o n i c  me ssag e 
t r a ns fe r , e tc .  p r ov i d e s  i n c e n t i v e  to d e
v e l o p  m ea s u r e s  o f  p e r formance a nd c o s t ,  
a nd p r o c ed u r e s  f o r  s e l ec t i ng a l te r na t iv e  
a pp r oache s f o r  p r o c u r ement or l e a s i ng 
s u c h  c apab i l i t i e s .  Th r e e  proj ec ts a r e 
d e sc r ib ed ;  nam e l y , D a t a  Commun i c a t i on s ,  
Und e r sea Da ta C o l l ec t ion Ne twor k ,  a nd 
Loc a l  D i g i ta l  D i s t r ibut i o n  S u b sys tem Con
c epts . 

D a t a  C ommu n i c at io n s . Rap i d  g r owth o f  
c ompu t e r  commun i c a t i on s  a nd the eme r gence 
of  " spec i a l i z e d "  c ommon c a r r i e r s  have i n
t e n s i f i ed the n e ed f o r  e f f ec t iv e ,  u n i 
f o r m , u s e r - o r i en ted m e a n s  o f  d e sc r i b i ng 
and m e a su r i ng the pe r formance o f  d ig i tal 
c ommun i c a t i o n  s y s tem s . Th i s  p r o j e c t  in 
Data Commu n i c a t i o n s  h a s  b ee n  o r g a n i z e d  to 
f ul f i l l  th i s  need t h r o u g h  the d ev e l opm e n t  
a nd exper imental v a l id at io n  o f  s t and a r d  
c omm u n i c a t io n  sys tem p e r fo rmance pa r am
e te r s  a nd m e a s u r em e n t  techn i q ue s .  The 
p r o j e c t  ha s t h r e e  ma j o r l ong-term ob
j ec t ives : 

1 .  Fed e r a l  P e r fo rmanc e Asse ssment 
S t a nda r d . �Fed e r a l  Telecommu n i c a t i o n s  
S tandard Commi t te e  ( FTSC ) h a s  a s s i g ned 
Lead Ag ency r e spo n s i b i l i ty to ITS f o r  the 
d ev el opm e n t  of Fed e r a l  S t a nd a r d  1 0 3 3 ,  
" Cr i te r i a  fo r As s e s s i ng the P e r formance 
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o f  Te l ec ommu n i c at ion S y s tem s Used to S up
po r t  Fed e r a l  I n forma t i o n  P r ocess i ng . "  
Th i s  s tanda rd w i l l  b e  d e v e l oped under the 
a utho r i ty o f  the Na t i o n a l  Commu n i c a t i o n  
S y s tem . When a ppr oved , i t  w i l l  be pro
m u l gated by GSA a nd w i l l  be mandato r y  f o r  
u s e  by a l l  Fed e r a l  Ag enc i e s  i n  the pl a n
n i ng ,  p r o c u r emen t ,  a nd d e s ig n  o f  d ig i ta l  
c ommun i c a t i o n  s e r v i c e s  a nd system s  . .  

2 .  Me a s u r ement S ta nd a r d s . We have 
i n i t i a t ed a se r i e s  of s ta t i s t i c a l  s t ud i e s  
a imed a t  d evelopm e n t  o f  conf idenc e  
i n t e r v a l s  f o r  per f o rmance parameter 
m e a s u r ements . Re sul ts of the se s t ud i e s  
w i l l  p r ov i d e  c ommun i c a t io n s  u s e r s  a nd 
s uppl i e r s  w i th s ta nd a r d  method s o f  d e
s c r i b i ng the ac c u r a c y  o f  measu r ed per
f o rmance p a r am e t e r  v a l ue s .  The mea s u r e
m e n t  s ta nd a r d s  wi l l  b e  p ub l i shed e i ther 
as a par t o f  Fed e r a l  S ta nd a r d  1 0 3 3  or a s  
a sepa rate Fed e r a l  s t a nda r d . 

3 .  I n t e r connec t io n  S ta nd a rd . OT/ 
I TS p l ans to d ev e l op , a s  a fo l low-on to 
Fed e r a l  S t a nd a r d  1 0 3 3 ,  a Fed e r a l  stand a r d  
d e f i n i ng p e r fo rmance r e q u i r ements a nd 
" pe r fo rmance c l a ss e s "  f o r  i n t e r co nnec t ion 
of d i s s im i l a r  d ig i ta l  netwo r k s .  The pur
pose o f  th i s  s tand a r d  w i l l  be to p r omote 
and fac i l i ta t e  i n te r ope r a b i l i ty between 
t e l ecommu n i c at i o n  sys tems used to suppo r t  
f e d e r a l  i nf o rm a t i o n  p r o c e s s i ng . 

Re sul ts o f  the Da ta Commu n i c a t i o n s  p r o
j ec t  w i l l  p r o v i d e  pl anni ng o r g a n i z a tions , 
s u c h  a s  the Na t ional Commun i c a t i on Sys
tem , wi th the too l s  n e c e s s a r y  to a ss e ss 
the c ompa t i b i l i ty a nd i n te r ope r a b i l i ty o f  
F e d e r a l  t e l e c ommun i cat ion ' n e two r k s  a nd 
w i l l  p r ov i d e  Fed e r a l  Gove r nment use r s  o f  
d ig i ta l  t e l e c ommu n i c at ion s e r v i c e s ,  f o r  
t h e  f i r s t  t ime , wi th u n i form means o f  d e
f i n i ng the i r  pe r f o rmance r e qu i r ements , 
c ompa r i ng se r v i c e  a l te r na t iv e s ,  a nd moni
t o r i ng d e l i v e r ed p e r fo r m a nc e .  The po ten
t i a l  f o r  a c t ua l  c o s t  s av i ng s  in eac h o f  
the se a r e a s  i s  substantial . 

M a j o r  FY7 6  obj e c t i v e s  a nd r e su l t s  i n  the 
f o u r  p r o j ec t ac t i v i t i e s  ( Appl i c a t i o n s  
Analy s i s , S t a t i s t i c a l  Analy s i s , Stand a r d s  
S uppo r t  and L i a i s o n , a nd ARPA Netwo r k  
Me a su r ements ) a r e  summa r i zed below . 

The m a j o r  obj ec t iv e  o f  the Appl i c a tions 
Ana l y s i s  p r o g r am f o r  F Y 7 6  was to develop 
and d e f i ne the f i na l  pe r fo rmance p a r am
e t e r s  to be i nc l ud ed i n  Fed e r a l  Standard 
1 0 3 3 .  

A s umma r y  o f  the pe r f o rmance pa r amete r s  
s e l ec ted f o r  i nc l u s i on i n  the f i na l  d r a f t  
v e r s io n  o f  Federal S ta nd a r d  1 0 3 3  i s  p r o
v i d ed i n  �u r e  2 - 1 . N o t e  tha t ,  i n  the 
case of the b l o c k - o r i e n ted parame ter s ,  
v a l u e s  a r e  to be p r o v i d ed f o r  two sepa
r a te b l o c k  l e ng ths : a b l o c k  of l eng th 
one ( i . e . , o ne b i t )  and a c h a r a c te r i s t i c  
b l o c k  l e ng th spec i f i ed b y  t h e  c ommu n i c a-
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P R OBAB I L I TY 

Figure 2 - 1 . Performance parameters for Federal S tandard 1 0 3 3  (Criteria for As sessing the 
Performance of Telecommuni cation Systems Used to Support Federal 
Information Proces s ing) . 



t io n  system ope r a to r . These r e s u l ts were 
p r ov i ded t o  FTSC in  the f o r m  o f  p r e s e n ta
t io n s  a nd meet i ng r epo r ts ,  a nd the d ra f t 
o f  a f o r thcom i ng OT Repo r t  i s  undergo ing 
ed i to r i a l  rev i ew . 

D u r i ng FY7 5 ,  we d ev e l oped a m e thod o f  
e stabl i s h i ng c o n f i d e n c e  l im i ts f o r  b i na r y  
e r r o r - r a te m ea su r ements unde r the a s sump
t i o n  o f  " B e r no u l l i  t r ial s "  ( i . e . ,  i nde
pendence b e twe en s u c c ess ive b i t  t r a n s f e r  
a t temp t s ) .  Th e maj o r  obj ec t i v e  o f  the 
S t a t i s t i c a l  Analy s i s  a c t i v i t i e s  for F Y 7 6  
w a s  to e x t end t he se r e s u l t s  t o  t h e  mo r e  
g ene r a l  a n d  m o r e  p r a c t i c a l  c a se whe r e  
t h e r e  may b e  d epend e n c e  b etween suc c e s
s iv e  b i t  t r a n s f e r  a t temp t s . The nec e s
s a r y  s ta t i s t i c al tec h n i q u e s  we re succ ess
f ul ly d e v e l oped d u r i ng FY76 for one 
w id e l y-used depend e n c e  mod e l , the so
c a l l ed " G i l b e r t" mod e l . E x pe r im e n t  
d e s i g n  p r o c ed u r e s  a nd s t a t i s t i c al t e sts 
f o r  a ppl i c ab i l i ty o f  the G i lber t mod e l  
w e r e  a l so d e v e l oped . Re s u l t s  w i l l  appear 
in a n  OT Repo r t to be pub l i shed in the 
near f u t ur e .  

M a j o r  F Y 7 6  obj e c t i v e s  i n  the S t anda r d s  
S u ppo r t  a n d  L i a i s on ac t i v i ty we r e :  ( 1 ) 
c o o rd i na t io n  o f  Fed e r a l  S t andard 1 0 3 3  
w i th FTSC , and w i th the F TSC Techn i c a l  
S u b c ommi t t e e  membe r s ,  a nd ( 2 )  c o n t i nued 
s uppo r t  o f  the FCC ' s  e f f o r ts to d ev e l o p  
q ua l i ty a nd r e l i a b i l i ty s t anda rd s for  the 
" spec i a l i z e d " c ommu n i c a t i o n  s e r v i c e s  
( Do c k e t  1 8 9 2 0 ) . OT/ I TS c onduc ted seven 
FTSC Techn i c a l  Subcomm i t t ee me e t i ng s  
d u r i ng FY7 6 .  The se me e t i ng s  s e rved to 
i d e n t i f y  the p e r f o rmance a s se ssment n e eds 
and pr a c t i c e s  of the par t i c i pa t ing 
Fed e r a l  Gov e r nm e n t  a g e nc i e s , and provi ded 
an i n t e r ag e ncy f o r um for d i sc u s s ion o f  
p e r fo rmance parameter d e f i n i t i o n  i s s ue s .  
The m ee t i ng s  c ulmi na t ed i n  a c on se n s u s  o n  
the pe r fo rmance pa r am e t e r s  s umma r i z ed i n  f igure 2 -1 . 

I n  suppo r t  o f  the FCC ' s  stand a r d s  e f
f o r ts ,  OT/ I TS d ev e l o ped d u r i ng FY7 6  a 
s umma r y  o f  the i nd u s tr y  c omments on the 
FCC ' s  Qu a l i ty a nd Re l i a b i l i ty i nq u i r y , 
a nd a r e f i nem e n t  a nd amp l i f i c a t i o n  o f  
OT ' s  F Y 7 5  D o c k e t  Subm i s s i o n  i n  t h i s  a r e a . 
Th e r e sul ts a r e  sched u l ed f o r  pub l i c a t i on 
i n  a for thcomi ng OT Repo r t .  

O t h e r  s tanda r d s  suppo r t  and l i a i son ac
t i v i t i e s  d u r i ng FY76 i n c l ud e d  pa r t i c i pa
t io n  i n  ANS I ' s  Data Commun i c at i o n s  S t a n
d a r d s  Ta s k  Gr oup ( X 3S 3 . 5 ) ,  v a r i o u s  o t h e r  
a g ency b r i e f i ng s , c o n f e r e n c e  p r e se n ta
t i on s ,  a nd open l i te r a t u r e pub l i c a t i o n s .  

Ma j o r F Y 7 6  obj e c t i v e s  o f  the ARPA Netwo r k  
Me a su r em e n t s  a c t iv i ty w e r e  t o  compl ete 
p r o c u r ement and i n s t a l l a t ion o f  a n  ARPA 
N e two r k  Ho s t  c omput e r  fac i l i ty a t  ITS , to 
i n te r c onnec t the Ho s t  F a c i l i ty w i th the 
ARPA N e two r k , a nd to i n i t i a t e  a pe r f o rm
a n c e  m e a su r em e n t  p r og r am d e s i g ned to t e s t  
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the ut i l i t y  a nd p r a c t i c al i ty o f  the per
f o rmance p a r am e t e r s  spec i f i e d  in Fed e r a l  
S t a nd a rd 1 0 3 3 .  T h e  OT/ I TS H o s t  sys tem 
wa s s u c c e s s f u l ly i nt e r fac ed to the ARPA 
N e two r k  in Ma r c h  1 9 7 6 . ��r e 2 -� i s  a 
pho tog r aph o f  Ho s t  equ i pmen t ,  a nd �igi,!E_� 
2 - 3  shows d et a i l s  o f  t h e  Ho s t/ T I P  l n t e r 
c onnec tion . 

ARPA N e t wo r k  measur ement o b j e c t i v e s  a nd 
expe r ime n ta l  p l a n s  we r e  a l s o  d ev e l oped 
d u r i ng FY7 6 .  A PDP - 1 1 c omp u t e r  prog ram 
d e s ig ned to t e s t  the per f o rmance par am
e te r  Ac c e ss Time wa s c omp l eted . 

Mo d u l a t ion S tud i e s  f o r  a n  Und e r sea Acous
t i c  C o upl e r  a nd Da t a  C o l l ec t i o n  Network . 
To improve ut i l ity o f  a n  e x i s t i ng u nder
s ea a c o u s t i c  d e t e c t ion n e two r k  ( c o n s i s t
i ng o f  a number o f  hydr ophon e s  and a 
t r a n sm i s s i o n  c ab l e  system )  , the Naval 
E l ec t r o n i c  Sys tems Comma nd a nd the Naval 
Und e r sea C e n t e r  plan to i n s t a l l  a number 
o f  new hyd r ophones , to mod u l a t e  a locally 
g en e r a t ed c a r r i e r  w i th e a c h  new hyd r o
phone s i g na l , t o  p r o j ec t each mod u l a ted 
s ig na l  to a n  e x i s t i ng h yd r ophone w i th a n  
a c o u s t i c  c oupl e r , a nd to t r a nsm i t  the mo
d ul ated s i g na l  through the upp e r  po r tion 
of the d e s i g na t ed f r eq u e ncy band for the 
e x i s t i ng hyd r ophone and the t r a n sm i s s ion 
c ab l e  sys tem . 

I T S  s t ud i e d  a spec ts o f  the p r opo sed plan 
w i t h  a pr im a r y  empha s i s  o n  the e f fec ts o f  
the l im i ted l i ne a r  d ynam i c  r a ng e  ( LDR ) of 
the ex i s t i ng t r a n sm i s s io n  cable sys tem . 
T h e  LOR ' s  f o r  bo th the e x i s t i ng a nd new 
h yd r ophone s ig na l s  we r e  c a l c u l a t ed a s  a 
f un c t i o n  o f  the a l lowance f o r  a n  i nc r ea se 
i n  the o c e a n  n o i s e  d e n s i t y  i n  the upper 
por t i o n  o f  the d e s ig na ted f r e q uency band . 
F r equency-mod u l a t ion ( FM )  a nd pul se-code
m od u l a t i o n  ( PC M ) /pha se - sh i f t- k e y i ng ( P S K )  
t e c h n i q u e s  we r e  c o n s i d e r e d . C ompa r i son 
o f  the two mod u l a t i o n  tec hn i que s i nd i 
c a t ed that they we r e  s im i l a r  wi th r eg a rd 
to the p e r f o r m� nce mea s u r ed w i th the LDR . 
A f i fth- o r d e r  Chebyshev- type b a nd-pa s s  
f i l te r  was f o u nd t o  b e  a d e s i r ab l e  f i l te r  
to be p l ac ed a f ter t h e  mod u l a t o r  i n  the 
a c o u s t i c  c o upl er . Th e o r ig i na l  plan wa s 
shown to be f e a s i b l e  f o r  c e r t a i n  v a l u e s  
o f  t h e  LDR a nd w i th some a l l owance f o r  
o c ea n-no i se i nc r e a s e . Ove r a l l  d e s ig n  
p r o c ed u r e s  f o r  the a c o u s t i c  c oupl e r  were 
a l so c o n s i d e r e d  f r om the standpo i n t  o f  
mod u l a t ion s t ud i e s . 

The r e su l t s  o f  t h i s  s t udy a r e  c o n ta i ned 
in a c l a s s i f i ed ( Co n f i d e n t i a l )  r e po r t  0'1' 
TM 7 6 - 2 2 4  b y  H .  A k ima . 

Lo c�!_ D i g i !:.�.:1:. D i s tr i£�t_ion S ub �§_tem Con
c ept� . I TS c onduc ted a s tudy f o r  the 
u . s .  Army Commu n i c a t ion Sys tems Ag ency o n  
l o c a l  d i s tr i bu t ion sys tems f o r  use a t  se
l ec ted m i l i ta r y  f ac i l i t i e s  th r o ug ho u t  the 
wo r l d . The goal  is to e s tabl i s h  techni
c a l  f e a s i b i l i ty a nd optimal ope r a t i o n  o f  
sys tems . The Loc al D i g i ta l  D i s t r i bu t i o n  



( 

F igure 2 - 2 . Photograph of the Boulder Laboratories Ho st/TIP connection 
to the ARPA network . 
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F igure 2 - 3 . Schematic diagram of the ITS Host connection to the 
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Sys tem ( LDDS ) m u s t  a l s o  be i n t e r faced 
w i th the m i l i ta r y  a l l -d i g i ta l  g l obal net
wo r k .  

The local a r ea d i s t r i b u t i o n  p l a n t  f a c i l i 
t i e s  m u s t  be equ i pped so that the long
haul d i g i tal c i r c u i ts of the De f ense Com
mun i c a t i o n s  System ' s ( DCS ) F u t u r e  D i g i ta l  
N e two r k  ( FDN ) a n d  t h e  T r a n s i t i o na l/ I n te
g r a t ed DCS c a n  b e  ex tended to the local 
user  t e r m i na l s .  The LDDS must a l so p r o
v id e  d i g i tal t r a nsm i s s i o n  c apab i l i ty f o r  
on- b a se f u n c t i o n s  a nd i n ter connec t ion to 
the d i g i ta l  c i r c u i ts u s ed by TRI -TAC , 
Al l i e d  Fo r c e s  a nd c omme r c i a l  f a c i l i t i e s 
o f  C ONUS a nd f o r e i g n  c a r r i e r s .  As the 
l ong-haul c i r c u i ts o f  the DCS bac k bone 
sys t em are conver ted t o  d i g i ta l  t r a nsmis
s i o n , the c o r r e spond i ng por tion of the 
LDDS must also b e  c o nv e r t ed . If th i s  
capa b i l i ty i s  n o t  p r o v i ded , then the i n
c r e a sed r e l i a b i l i ty o f  the d i g i tal DC S 
t r a n sm i s s io n  sc heme w i l l  n o t  b ene f i t the 
u se r .  A l s o , l o c a l  a r ea c o s ts may i n
c r e a s e  sub stan t i a l l y . 

Lo c a l  Area D i s t r i b u t i o n  S y s tems p r ov i d e  
t h e  c i r c u i t s  to conne c t  i nd i v i d ua l  sub
s c r i b e r ' s  termina l eq u i pm e n t  to the local 
c en tr a l  o f f i c e , Di g i ta l  Au tom a t i c  Ex
c h a ng e s  ( DAX ) , or Un i t  Lev e l  Swi t c hboards 
( U LS B ) . 

The obj ec t i v e  o f  the LDDS i s  t r a n sm i s s i o n  
o f  d ig i t al s ig na l s  f r om t h e  t e r m i n a l  
equ i pme n t  to t h e  l ong-haul sys tem o r  to 
o t h e r  t e r m i na l  e q u i pm e n t  i n  the local 
a r e a  w i thout the nec e s s i ty of conv e r ting 
to ana l og s ig na l s  f o r  tr ansm i s s io n .  

The LDDS m u s t  t r a nsm i t  a l l  type s o f  d ig i 
tal s ig na l s  ( e . g . , vo i c e ,  d a t a , n a r r a
t i v e , f a c s im i l e , a nd v i d eo ) f r om the u s e r  
I /O d e v i c e  to t h e  D C S  a c c e s s  po i n t  o r  t o  
the a c c e s s  po i n t  o f  o th e r  netwo r k s . 

Acc ompl i s hm en ts o n  th e LDDS p r o j e c t  t h i s  
f i s c a l  y e a r  a r e  summa r i z ed i n  O T  Repo r t  
7 6 - 9 5  b y  Ma r t i n  N e s e nb e r g s  a nd Ro ber t F .  
L i n f i el d , " P a r am e t r i c  Co s t  Al t e r n a t i v e s  
f o r  Lo c a l  D i g i ta l  D i s t r i b u t i o n  System s . "  

The r e po r t  d i s c u s s e s  the b r oad i nv e s t i 
g a t i o n  o f  LDDS sys tem concept s .  T h e  
f o rwa rd- l ook i ng t im e  f r am e  i s  e x tended to 
1 9 8 5  and b eyond . The wo r k  empha s i z e s  
t h r e e  g u i d e l i ne s : d e v e l opm e n t  o f  f u nc
t io n/ s e r v i c e  pa r ame t e r s ;  f o rm u l a t i o n  o f  
a l t e r na t i v e  LDDS c on c ept s ; a nd pe r fo rm
a n c e  o f  p r e l im i na r y  a na l y s e s  o f  s e r v i c e , 
p e r forma nc e ,  a nd co s t .  

A p a r ame t r ic appr oach to the s t udy shows 
that the sys tem c o s t  a ppea r s  to b e  the 
m o s t  p r om i n e n t  o f  a l l  p a r am e t e r s  c o n s i d 
e r ed . O t h e r  s e r v i c e  pa r a m e t e r s  wh i c h  a r e  
s i g n i f i c a n t  a r e : 

( a )  S i ze o f  s e r v i c e  a r e a  
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( b ) N umber o f  t e rm i na l s  

( c )  T e rminal dens i ty 

( d ) V a r iety o f  s e r v i c e s  o f f e r ed 

( e )  T r a f f i c and u s a g e  s tat i s t i c s  

( f )  N e c essary h o u s e k e ep i ng t a s k s 
c lo c k s ,  c ompa t i b i l i ty ,  t r a ns
p a r ency , a nd o t he r s .  

The r e po r t  o u t l i ne s  a p a r ame t r i c  d e s c r i p
t i o n  o f  LDDS w i th empha s i s  o n  c o s t . I n  
pa r t i c u l a r , i t  a s sembl e s  the p a r am et e r s ,  
sys tem a l te r na t iv e s ,  c omponents , a nd 
the i r  c o s ts i n to a c o s t  s umma r y  o f  LDDS 
c a se s t ud i e s  f o r  Ft . Huac h uc a  a nd the Ft . 
Mo nmou t h  DC S a c c e ss a r e a s . 

A map o f  the F t . Huachuca base i s  shown 
in �u r e  2 - 4 . Th e sub sc r iber  d e n s i ty 
pa r ti t io n i ng o f  the same map i s  g iv e n  i n  
f ig u r e  2 -5 .  �u r e �  2 -6 and 2 - 7  show 
s ta r  a nd hub conf i g u r a t ions f o r  an LDDS 
in F t . H u ac h uc a . 

The r e po r t  a l s o c onta i n s  tabl e s  
p a r a t i v e  c o s ts f o r  coax i a l  c a b l e  
g r o und and ove r head i ns t a l l a t i o n s  
and loop c o n f i g u r a t ions . 

o f  c om
und er

of star 

S E C T I ON 2 .  2 .  SATELL ITE C O!•lMUNICATIONS 

Th i s  a c t iv i ty is made up o f  p r o j ec ts c a r 
r i ed o u t  fo r seve r a l  Fed e r a l  ag enc i e s  a nd 
r a ng e s  f r om techn i c a l  m a na g emen t a s s i s t
a n c e  ( c e r t i f i c ation ) i n  eval ua t i ng a c on
t r ove r s i a l  d ome s t i c  c ommon- c a r r i e r/sa tel
l i te i n te r c onnect que s t i o n  to p r e l im i na r y  
s y s t em d e s ig n concept s tud i e s  f o r  na t u r a l  
d i s a s t e r  wa r n i ng . 

C i r c u i t  �t u s  f o r  .tv1ul t i pl e:_S a t e l l_i tr�4P 
U s e r  Reac t 1 o n  T e s t s . On Aug �, 9 , 
the Am e r i c a n  Te l ephone a nd Te l e g r a ph Com
pany ( AT& T )  f i l ed rev i s i ons to c e r ta i n  
t a r i f f s  w i t h  the Fed e r a l  Commu n i c a t ions 
Commi s s ion ( FCC ) a f f o r d i ng r e str ic t ed 
c onnec t io n  to the publ i c  swi t c hed netwo r k  
o f  s a t e l l i t e c i r c u i ts t o  b e  u sed i n  the 
F o r e i g n  E x c hange ( FX ) , Common Contr ol 
S w i t c h i ng Ar r a ng ements ( CC SA ) , a nd Ta ndem 
T i e  L i ne ( TT L )  s e r v i c e s . Th e r e str ic
t i o n s  we r e  based on a l l eg e d  technolog i c al 
d i f f i c u l t i e s  a r i s i ng f r om the unr e s t r i c t
ed use o f  s u c h  satel l i te c i r c u i ts i n  the 
above-menti oned pr ivate s e r v i c e s  o n  con
nec t i o n s  w h i c h  a cc e ssed the publ i c  
s w i tched netwo r k . Four o the r pa r t i e s , 
the Ame r i c a n  S a t e l l i te C o r po r a t i o n  ( ASC ) , 
G e n e r a l  E l e c t r i c  ( GE ) , RCA Globa l  Commu
n i c at io n s , I n c . ( RCA Global ) ,  a nd the 
W e s t e r n  U n i o n  Te l eg r a ph Company ( w U )  
s o ug h t  r e j ec tion o f  the t a r i f f s ,  chal
l e ng i ng the l eg a l i ty of the r e str i c t ions 
a nd d i sp u t i ng the a l leg ed techn o log i c a l  
d i f f i c u l t i e s . The technolog i c a l  i s sue 
was r e f e r red to the C h i e f  of the FCC ' s  
Common Ca r r i e r  B u r e a u  f o r  r e so l u t io n , a nd 
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Figure 2 - 4 . S treet map o f  the se lected example (Ft . Huachuca ,  Ari zona ) 
for the Local Digital Dis tribution Subsystem (LDDS ) study . 
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F igure 2 - 5 . Subscriber density map of F t .  Huachuca use in the LDDS study . 



Figure 2 - 6 . Possible star conf iguration for Pt . Huachuca deve loped 
in the LDDS study . 

Figure 2 - 7 . Pos s ib l e  hub conf iguration for an LDDS in Ft . Huachuc a .  
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s ub se q u e n tl y  a n  a g r e eme n t  wa s e n te red 
i n to to u nd e r ta k e  a pr og r am of i n t e rv i ew 
t e s ts to e x am i ne c u s tome r r e a c t ion to 
c e r ta i n  t e s t  cond i t io n s . P e nd i ng compl e
t i o n  a nd eva l ua t i on of the t e s t , AT& T 
w i thd r ew the pr oposed t a r i f f  r e s t r i c t i o n s  
o n  conne c t i o n  o f  satel l i te c i r c u i t s . 

P u r s u a n t  to a n  i n t e r ag e ncy a g r e eme n t  w i th 
the FCC , I TS s e rved a s  the Techn i cal Man
a g em e n t  Org a n i z a t i o n  ( TMO ) to ove r see the 
phys i c a l  imp l ementa t ion o f  the c i r c u i ts 
a nd to v e r i f y the i r  c o n t i n u i ng s u i t ab i l 
i ty f o r  use d u r i ng c u s tome r i n t e r v i ews to 
be c onduc t ed by an i ndepend e n t po l l i ng 
o r g a n i z a tion . 

C u s tomer r e a c t ions we r e  so l i c i ted by the 
po l l i ng o r g a n i z a t ion a f t e r  they had com
p l e t ed v o i c e  tel ephone c 9 nv e r s a t ions that 
w e r e  r e l ayed one , t wo , or three t im e s  
t h r ough t h e  W ESTAR s a t e l l i te a nd t h r o ug h 
spec i a l  t r u n k  c i r c u i ts p r o v i d ed by ASC , 
AT& T ,  a nd WU ( s ee f igu r e  2 - 8 ) . 

C i r c u i t  implem e n t a t i o n  a nd q ua l i ty was 
a ud i ted t h r o u g h  a se r i e s  of i n spec tion 
v i s i ts to  swi tch i ng o f f i c e s  across the 
c o u n t r y  a nd t h r o ug h the eva l ua t ion o f  
p r e - s e r v i c e  a nd i n- s e r v i c e  d a i l y  a nd 
w e e k l y  c i r c u i t t e s ts o b s e r v ed b y  the TMO 
o r  r e po r ted by the c a r r i e r s .  The c i r c u i t  
t e s t s  we r e  a s  fo l l ows : a )  1 0 0 0  H z  l o s s ; 
b )  m e ssage c i r c u i t  n o i se ; c )  d a i l y  pr opa
g a t i o n  d e l a y  a nd s i g na l i ng ; d )  pr e
s e r v i c e  pul sed s i g na l i ng ;  e )  f r equency 
r e sponse ; f )  i n- s e r v i c e  echo suppr e sso r ; 
g )  g o/ r e t u r n  c r o s s ta l k  m e a s u r ements ; h )  
o ut - o f- s e r v i c e  echo suppr e sso r ; a nd i )  
echo- r e t u r n  and s i ng i ng- r e t u r n  l o s s  ( bal
a nc e )  measur ements . C u s tome r  i n t e r v i ews 
were n o t  pe r m i t ted by t he TMO o n  c i r c u i ts 
t h a t  d id not meet e s tab l i shed c r i t e r ia . 

The r e sul ts o f  the t e s ts we r e  c omp i l ed 
a nd r e po r ted weekly b y  the TMO to a 
S t e e r i ng Comm i t te e  wh i c h  h ad b een fo rmed 
t o  impl em e n t  the t e s t i ng a nd to e s tab l i s h 
t e s t  c r i t e r ia w i th the c o nc u r r e n c e  o f  the 
T MO .  The S t e e r i ng Comm i t t e e  wa s c omposed 
of r ep r e se n t a t i v e s  of the Common Ca r r i e r  
B u r ea u ,  AT& T ,  WU , ASC , RCA Globa l , a nd 
GE . 

S ub s e q u e n t  to the f i na l  r e po r ts by the 
TMO a nd po l l i ng o r g a n i z a t i o n ,  AT& T f i l ed 
new t a r i f f r e v i s io n s  wi th the FCC . Th e se 
a f fo r d ed u n r e str i c t ed c o n ne c t i on to the 
p ub l i c  swi tched ne two r k  o f  m u l t i pl e-hop 
s a te l l i te c i r c u i ts to b e  used in the 
C C S A ,  FX,  a nd TTL s e r v i c e s , but w i th c e r 
t a i n  p r o v i s i o n s . O n e  o f  t h e m  i s  that 
the r e  w i l l  b e  n o  g u a r a n tee o f  c i r c u i t  
q ua l i ty . 

Another r e su l t  i s  a n  FCC p l a n  to i nv e s t i
g a te s t a nda rd i z i ng e c ho s uppr e s s o r  te s t  
c ha r ac te r i s t i c s . Dur i ng the c o u r se o f  
the pr o j ect , ITS c ompa r e d  o u t - o f- s e r v i c e  
e c h o  s uppr e ss o r  t e s t  r e su l ts wi th tho se 
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p r e sc r i b ed b y  C C ITT Recomme nda t i o n  G . l 6 1 . 
Ce r ta i n  a l lowances had to be made i n  the 
Re comme nda t io n  b ec ause the echo supp r e s
s o r s  that we r e  tes ted we r e  i n tended f o r  
s a t e l l i te r a t h e r  than t e r r e str ial c i r 
c u i t s . The TMO bec ame conc e r ned b ec ause 
there were s i g n i f i c ant d i f f e r e n c e s  in the 
r e sul ts ot the tests of the suppr e sso r s  
w h i c h  had b ee n  p r ov i d ed b y  d i f f e r e n t  man
u fa c t ur e r s .  Th e immed i a t e  e f f ec t  was to 
have some echo suppr e sso r s  r ep l ac ed , 
w h i l e  t h e  l ong- term e f f o r t  by the FCC 
w i l l  b e  t o  s tanda rd i z e  the v a l u e s  o f  the 
t im e  c o n s ta n ts measured i n  o u t- o f- s e r v i c e  
t e s ts . 

Th i s  wo r k  i s  r epo r t ed i n  OT Spe c i a l  Pub
l i c a t i o n  7 6 - 8 , " C i r c u i t  s ta t u s  f o r  
m u l t i pl e- s a t e l l i te-hop use r r e a c t ion 
t e s ts , "  by Dona ld v .  Gl en , Ea r l  C.  Bol
ton , James C .  B l a i r ,  a nd P e t e r  M .  McMana
m on . 

Spi n Mo d u l a t ion S tat!_s t i c s  o f  GOES Data 
C o l l ec t io n  Sys tem .  S i nce 1 � 7 1 ,  the In
s t i t u t e  ha s b een i nvolved in s t ud i e s  o f  
t h e  GOES t e l ecommun i c a t i o n  sys tem f o r  the 
N a t i o n a l  Envi r onmental S a t el l i te S e r v i c e  
o f  NOAA . A n  F Y 7 6  p r o j e c t  r epo r ted by 
Dona l d  v .  G l e n  a nd Ma r ti n  J .  Mi l es in OT 
Repo r t  7 6 - 8 1  p r e se n ts the r e su l ts o f  
s t a t i s t i c a l  a na l y s e s  o f  unmod u l a t ed car
r i e r  s ig na l s  f o r  the i n te r r o g a t ion a nd 
d a t a  r eply l i n k s  o f  the d a t a  c o l l ec t ion 
sys t em . Th e s e  c a r r i e r  s i g na l s  we r e  
t r a nsm i t ted t h r o ug h  the GOES s a t e l l i te 
between a Da ta C o l l ec t ion P l a tf o rm Rad io 
S e t  ( DCPRS ) and the Command a nd Da ta 
Acqu i s i t i on ( C DA ) s t a t i o n . Th e obj ec t i v e  
o f  t h e  p r og r am wa s to norma l i ze the 
amp l i t ud e  a nd phase pe r tu r b a t i o n s  of the 
unmod u l a ted s ig na l s  by i n teg r a t i ng the 
e f f ec ts o f  s p i n  m od u l at ion . 

The 4 0 0  M H z  s i g na l s  ( b etween the DCPRS 
a nd spac e c r a f t )  and the 2 . 0  G H z  s i g n a l s  
( be t we e n  t h e  spa c ec r a f t  and C DA s ta t io n ) 
a r e  mod u l a ted by the 1 0 0  r pm s p i n  s tabi
l i za t i o n  of the spa c ec r a f t  in its g e o s ta
t i o n a r y  o r b i t  a nd by the swi tc h i ng o f  
pow e r  b e twe en the a n tenna e l em e n ts o n  the 
p e r ime t e r  of the spa c ec r a f t .  Th e net e f
f e c t i s  spi n m od u l a t i o n , wh ich i n f l uences 
the d a ta-b i t  s tr eam o r  unmod u l a ted c ar
r i e r  by i n t r od u c ing und e s i r ed ampl i t ude 
and pha se mod u l a t i o n .  

S t a t i s t i c a l  pa r amete r s  s t ud i ed i nc l uded 
the mean a nd s tanda rd d e v i a t i o n  o f  the 
s ig na l s ,  a nd the c omput e r  pl o t s  of a )  one 
set o f  d a t a  po in ts d u r i ng one r ev o l u t io n  
o f  the spacec r a f t , b )  mea n  v a l u e s  t o r  
d a t a  po i n ts f r om 1 0 0 0  r ev o l u t i o n s  o f  the 
spac ec r a f t ,  c )  the d i f fe re n c e s  be tween 
the sampl e  a nd the mean v a l ue s , a nd d )  
the m e a n  v a l u e s  f o r  1 0 0 0  d i f f e r ences . 
Th e se pa rame t e r s  we re d e t e r m i ned f o r  the 
o ut pu t  of the Data C o l l ec t ion P l a t f o rm 
I n t e r r o g a te ( DC P I ) phase detec tor , the 
o utput o f  the Da ta Col l ec t ion P l a t f o r m  
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Repl y ( DCPR ) phase detec tor , a nd the DCPR 
ampl i t ud e  r i ppl e .  

The a na l y s i s  i nvo lved s im u l taneous sam
p l i ng of t h r e e  s ig na l s  at 1 2 8  d a ta po i n t s  
d ur i ng each 6 0 0  ms r ev o l u t ion o f  the 
GOES . Th e r e fo r e , d ur i ng eac h r e v o l u t i o n , 
a d a t a  samp l e  was ta k e n  simul taneou sly , 
each 4 . 6 8 ms , on each s i g na l . One tho u
s a nd s ampl e s  we r e  then used for e a c h  o f  
the 1 2 8  d a t a  po i n t s  t o  d e t e r m i ne the mean 
v a l ue a nd s tand a r d  dev i a t i o n  each 4 . 6 8 
m s .  

B y  u s i ng a s e t  o f  s t a t i s t i c s  that c o u l d  
b e  appl i ed t o  s ub seque n t  G O E S  s ig na l s ,  
the i n tent wa s t o  o b t a i n  a p r ed i c table c w  
type s ig n a l  that may a l so e x h i b i t  ampl i 
tude a nd phase pe r t ur ba t i o n s  d ue t o  o the r 
so u r c e s , s uc h  a s  i o nosphe r ic s c i n t i l l a
t i on . By unde r s tand i ng the e f f ec ts o f  
s u c h  phenomena , a nd the i r  c o n t r i b u t ions 
to s ig na l  enha ncem e n t  or  f ad i ng , the i n
tent would be to d e s i g n  imp r o v ed comm u n i 
c a t i o n  l i n k s  for  GOES a nd other f u t u r e  
s a t e l l i te sys tems . 

Howeve r ,  u s i ng the a pp r o ac h  d e sc r ibed to 
norma l i ze the e f fec t of spac ec r a f t s p i n  
m od u l a t ion , t h e  s t ud y  o f  i o no sphe r ic 
s c i n ti l la t i o n  e f f ec ts on the GOES s ig na l  
i s  n o t  r ec omme nded b ec au se spi n mod u l a
t io n  e f f ec t s  v a ry s ig n i f i c a ntly d u r i ng 
each r ev o l u t i o n  o f  the s a t e l l i te .  

Impr oveme n t  o f  the GOES I n t e r r Q.g_a t io n  
L i n k . Th e NOAA Data Buoy O f f i c e  ( N DBO ) 
a t  Bay S t . Lo u i s , M i s s i s s i pp i , h a s  ex
pe r i e nc ed d i f f i c ul ty with the D a t a  Col
l ec t i o n  P l a t f orm I n te r r o g a t i o n  ( DCP I ) 
l i n k  o f  the Ge o s t a t i o na r y  Ope r a t i ona l En-

. v i r onme n t a l  Sa tel l i te ( GOES ) . The O f f i c e 
d e t e r m i ned that the p e r c en ta g e  o f  s u c 
c u s s f u l  i n ter r og a t i ons o f  Da ta C o l l ec t ion 
B uo y  Ra d i o  Sets ( DC BRS ) wa s u n sa t i s fac
tory f o r  a r e l i ab l e  Data C o l l ec t io n  Sys
t em ( DC S ) . Th e rad io s e t s , s e n s i ng d e
v i c e s ,  a nd a s s o c i a t ed pe r i phe r a l  a nd i n
t e r fac e equ i pment we r e  moun ted on buoys 
l o c at ed i n  the Gu l f s  of Me x i c o  and 
A l a s ka . 

T h e  NDBO r eques t ed the I T S  t o  eva l u a t e  
the p r oblem , r ec omme nd a so l u t i o n , mod i f y 
a DC BRS , i f  necessa r y , a nd c onduc t pe r
f o rmance t e s ts to d emo n s t r a t e  improved 
p e r f o rmance c ha r a c t e r i s t i c s  o f  the i n
t e r r o g a t i o n  l i nk . 

An a s se s sm e n t  o f  the c u r r e n t  l i nk power 
b ud g e t  was mad e . Al t e r n a t e  so l u t i o n s  to 
i mp r o v i ng per fo rmance are b e i ng cons i d e r 
ed , wh i l e  l i nk i n t e r r og a t i o n a nd b i t
e r r o r - r a t e  ( BE R )  t e s ts a r e  b e i ng made . 

E a r l y  p e r f o rmance t e s t i ng a t  the Bo u l d e r  
Labo r a to r i e s  i nd i c ated t w o  p r obl em a r e a s :  
a )  l ow r ec e i ved s ig na l  l ev e l , a nd b )  co
c ha nnel a nd ad j ac en t  channel i n t e r f e r ence 
f r om mob i l e  t r a n sm i t t e r s .  The i n te r r og a -
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t i on f r equency h a s  secondary p r i o r i t y  i n  
the mo b i l e  c hannel f r equency a s s i g nme n t .  

Pos s i b l e  so l u t io n s  t o  the se p r o b l em s  i n
v o l v e  the use o f : a )  a h igher  g a i n  a n
tenna , b )  a low-no ise pr eampl i f i e r  w i th 
s u f f i c i en t  g a i n  to improve the b i t- e r r o r  
r a t e  a nd r e c e i v ed s i g na l  l evel c h a r a c ter
i s t i c s , c )  a n  i nput f i l t e r  to l im i t  the 
i n te r f e r e n c e  ( h oweve r , this d eg r a d e s  the 
sys tem n o i se f ig u r e ) , and d )  o f f s e t t i ng 
the i n te r r og a t i on f r equency f r om the mo� 
b i l e  t r a nsm i t t e r  a s s i g nments . 

I n te r f e r e n c e  m e a su r ements i n  the UHF 
band , sponsored by the Of f i c e  o f  Tel ecom
m u n i c at i o n s  Pol icy w i l l  be made w i th the 
Rad i o  Spec tr um Measu r ement Sys tem ( RSMS ) . 
Re s u l ts o f  t h i s  evalua t i on a nd t e s t i ng 
w i l l  be u sed to r ec ommend i n te r r o g a t ion
l i nk p e r fo rmance imp r oveme n t .  Th i s  wo r k  
w i l l  b e  comp l eted i n  FY7 7 .  

Sys tem De f i n i t i on S t udy for  the u.s. 
Po s ta l  S e r v i c e  E l e c t r o n i c  Mes sage S e r v i ce 
Sys t em .  Th e U . S .  po s ta l  S e r v i c e  ( U SPS ) 
h a s  u n d e r ta k e n  a l o ng - r ang e  prog r am whose 
pr inc ipal o b j e c t i ve is the pl anni ng a nd 
d evelopm e n t  o f  advanced m a i l  s y s t ems . An 
impo r ta n t  e l em e n t  in th i s  p r og r am i s  the 
plann i ng a nd deve lopme n t  of a nat ional 
E l e c t r o n i c  Messag e S e r v i c e  ( E MS ) . OT/I TS 
ha s ,  i n  pa s t  yea r s ,  a s s i s ted the USPS EMS 
p r og ram w i t h  sys tem s t ud i e s  r e l a t ed to 
s a t e l l i t e c ommu n i c a t ions and f r e quency 
a l l o c a t i o n s ,  s a t e l l i te c ommu n i c at i o n s  
netwo r k  d e s i g n  a nd queue i ng d e l ay , a nd 
i nput/o utput EMS c o nve r s io n  sys tem s  f o r  
conv e r s i o n  o f  USPS c u s tome r messages i n to 
d ig i ta l  f o r m  and v i c e  v e r sa . 

The obj e c t i v e  o f  t h i s  OT/ I T S  p r o j ec t  has 
b een to a s s i s t  the USPS in  plann i ng , p r e
pa r i ng , a nd rev i ew i ng a s t a teme n t  o f  wo r k  
f o r  a n  i nd u s tr i a l  c o n t r a c t o r  who w i l l  
c ond u c t  a d e t a i l ed sys tem d e f i n i tion e f 
f o r t f o r  t h e  p u r po se o f  e s tabl i s h i ng the 
techn i c a l  a nd econom i c  f e a s i b i l i ty of a 
n a t i o n w i d e  EMS concept . 

The a t t r a c t iv e  eco nomi c s  o f  a va i l able 
w i d eband t e l e c ommu n i c a t ions sys tems 
s tr ong l y  s u g g e s t  that the USPS s hould 
look at  s u c h  l a r g e- sc a l e  message sys t em s  
a s  a n e w  m e a n s  o f  p r ov i d i ng ba s i c  m e ssage 
s e r v i c e s  at r ed uc ed c o s ts to the USPS 
c u s tome r . 

F u n c t i o na l ly , the EMS sys tem wo u l d  accept 
m e s sa g e s  in d ig i tal o r  pape r - c o py f o r m ;  
conv e r t i nput s , a s  r e qu i r ed , i nto a d ig i
t a l  f o r m ;  t r a nspo r t  message i nputs e l ec
t r o n i c a l l y f r om so u r c e to EMSS d e s t i na
t i o n  over commu n i c a t i o n  n e two r k s ;  a nd 
e i th e r  conv e r t the m e ssag e bac k to pape r 
c opy f o rm f o r  c a r r i e r  d e l ivery to the re
c i p i e n t  o r  d e l i v e r  it to the c u s tomer by 
a l t e r na t i v e  e l ec tr on i c  del ivery sys tems . 
The po s s i b l e  c o l l o c a t i o n  o f  EMS f a c i l i
t i e s  w i th e x i s t i ng USPS f ac i l i t i e s  i s  a 
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m a j o r  cons id e r a t i o n  i n  r e d u c i ng EMSS 
c o s t s  and in p r ov i d i ng s u i tab l e  EMS/con
v en t ional-ma i l  i n t e r fac e s .  

W e  devel oped the EMS sys tem r eq u i r ements 
a nd sys tem a l t e r na t iv e s  s t ud y r e q u i r e
m e n ts , a s  we l l  a s  the sys tem eva luat ion 
c onc ept s spec i f i ed in the EMS sys tem de
s ig n  s ta t ement o f  wo r k . Add i tional e f
fo r ts i nvo lved the techn i c a l  a r e a s  o f  
m e ssage t r a f f i c  a na l y s i s , netwo r k  a r c h i
t e c t ur e ,  ope r a t i o n a l  p r o c ed u r e s ,  l i nk de
s i g n ,  e r ror  c o n t r o l , n e twor k co s t ,  and 
t r ad e-of f s t ud i e s .  

A USPS s ta tem ent o f  wo r k  was r e l ea sed to 
b id d e r s  in Ap r i l 1 9 7 5 ,  a nd p r opo s a l s  f r om 
i nd u s tr y  w e r e  r ec ei ved i n  June 19 7 5 .  
OT/ I TS s e r v ed a s  pa r t  o f  the USPS techni
cal pr opo sal eva l u a t i o n  team until the 
c ompl e t io n  o f  the p r o j e c t  term in Oc tober 
1 9 7 5 .  Th e propo s a l  evalua t i o n  a c t i v i t i e s  
have con t i nued beyond Oc tob e r  1 9 7 5  under 
the c o n t i n u i ng p r o j e c t  d e sc r ib ed b elow . 

A s epa r a t e  ac t i v i ty o f  t h i s  p r o j e c t  was 
to p e r form a r ev i ew of a l l  r ul i ng s  a nd 
o t h e r  a c t i o n s  o f  the Fed e r a l  Commun i c a
t io n s  Commi s s ion i n  the f i e l d  o f  d ig i tal 
c ommu n i c a t i o n s  for b o th c ommon a nd spe
c i a l i zed c a r r i e r s . Le t t e r  r e po r ts we r e  
s ubmi tted to t h e  USPS . 

E l ec tr o n i c  Message S e r v i c e  Sys tem D e f i n i
t io n .  ITS has con t i nued t o  p r ov i d e  t ech
n i c al a s s i s tance i n  the t e l ec ommun i c a t i o n  
a spec ts o f  E M S  to e n a b l e  t h e  U S P S  to wo r k  
more e f f ec t ively a nd p r oduc tively w i th 
U . S .  i nd u s t r y  i n  the EMS d ev e l opme n t .  

Du r i ng FY7 6 ,  I T S  h a s  p r o v i d e d  tec h n i c a l  
a s s i s ta nc e  to t h e  U S P S  i n  execut ion of 
the Elec t r o n i c  Me ssag e S e r v i c e  ( E MS ) S ys
t em De f i n i t i o n  a nd Ev a l u a t i o n  prog r am . 
We pa r ti c ipated on the USPS techn ical 
p r oposal evaluation team to evaluate i n
d u s tr y  pr opo sa l s .  Th i s  e f fo r t  l ed to a 
c o n t r a c t  awa rd to RCA f o r  a two-year Sys
t em De f i n i t i o n  a nd E v a l u a t i o n  Study to 
d evelop a nd eva l u a t e  EMS sys tem a l t e r na
t iv e s ,  s e l ec t  an EMS sys tem d e s i g n  for  
n a t ionwide USPS imp l ementa t io n , and con
d u c t  plann i ng a nd econom i c  s t ud i e s .  

We a l so s t ud ied sys tem s e r v i c e  a nd pe r
f o rmance req u i r ements f o r  the USPS EMS 
a nd a s s i s ted the USPS i n  developm ent o f  
t h e  parametr ic r eq u i r ements fo r the EMS 
sys tem d e f i n i t ion e f fo r t .  F igu r e  2 - 9  
s hows a samp l e  of the se pa r am e t r ic s t ud
i e s . The scope o f  the r e q u i r ements i n
v ol v e s  sys tems wh i c h  may h ave t r a f f i c  
v o l umes f r om 2 5  to 2 0 0  m i l l i o n  EMS mes
s a g e s  per day f r om 2 5  to 1 5 , 0 0 0  EMS s ta
t i o n s , mo s t  of wh i c h  wo uld b e  c o l loc ated 
w i th p r e s e n t  USPS f ac i l i t i e s .  Othe r s  
would b e  a t  c u s tom e r  f ac i l i t i e s ;  p r o v i d e  
f o r  bo th manual a nd telecommu n i c a t i o n  i n
put and outpu t ;  may have EMS s e r v i c e s  f o r  
d ig i tal d a ta , mag n e t i c  tape , card or 
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d i s c , OCR , f ac s imi l e  ( b l a c k  a nd w h i t e  a nd 
poss i b l y  c o l o r ) ,  a nd m i c r o f i lm ;  a nd i n
v olve a v a r i ety o f  t e r r e str i a l  a s  we l l  a s  
s a t e l l i te c ommun i c a t i o n  networ k s .  

Bui l d i n� A t tenua t i on o f  S a t e l l i t e  S ig
na l s . Th i s  p r o j e c t  i s  o n e  segme n t  o f  a 
b r oad e r  s t ud y b e i ng cond uc ted by NASA to 
d et e rm i ne the f e a s i b i l i ty o f  a f u t u r e  
d i s a s t e r  wa r n i ng sys tem u s i ng d i r e c t  
b r o adc a s t  f r om a g eosyn c h r o n o u s  s a t e l l 
l i t e .  Fo r such a w a r n i ng sys tem to be 
p r a c t i c a l , o ne concep t  c a l l s  for the 
w a r n i ng s ig n a l  to be r e c ei v a b l e  by a 
sma l l  r e c e i v e r  i n s i d e  a house . 

The p r o j e c t  wa s o r g a n i z e d  i n  t h r e e  pa r ts : 
the d e s i g n  o f  a n  expe r im e n t  f o r  mea sur i ng 
bui l d i ng a t tenua t i o n  u s i ng s ig na l s  f r om 
the ATS-6 S a tel l i te ( P h a s e  I ) , the 
measur ement of bui l d i ng a t te n u a t i o n  
( P ha se I I ) ,  a nd the a na l ys i s  a nd a s se ss
ment of the mea s u r ed a t t e n u a t i o n  data 
( P hase I I I ) .  Phase I a nd II  were com
p l e ted d u r i ng FY7 5 .  The obj e c t i v e  o f  the 
d a ta anal y s i s  wa s to e v a l u a t e  the b u i ld
i ng a t tenua t io n  data as a f u n c t i o n  of 
f r equency , e l eva tion a ng l e ,  type o f  
b u i l d i ng con s t r uc t ion , weathe r cond i t ion , 
and c l ima t i c  a r e a . The a na l y s i s  i nc l uded 
a r ev i ew o f  i n formation o n  ho u s i ng occu
pancy a nd tr ends to a s s e ss the impac t o f  
t h e  b u i l d i ng a t t enua t io n  m e a s u r ement r e 
s u l ts o n  the d e s i g n  of a f u t u r e  sat e l l i te 
w a r n i ng sys tem . 

D u r i ng the b u i l d i ng a t tenua t io n  m e a s u r e
ment phase , m ea s u r ements we r e  made on 2 7  
bui ld i ng s  o f  d i f f e r e n t  cons tr uc t io n .  Al l 
b u i ld i ng s  were s � ng l e-fam i ly r e s idences 
and w e r e  loc a ted i n  Boulde r , Co l o r ad o ;  
Du l u th , M i nne so t a ; Kansa s C i ty ,  Mi s s o u r i ;  
H o u s to n ,  Te x a s ; a nd Li t t l e  Ro c k , Ar kan
s a s . 

I n  the evaluat ion o f  the mea s u r e d  a t tenu
a t ion d a t a , the data we r e  c l a s s i f i ed ac
c o r d i ng to c i ty ,  f r eque ncy , t ype of 
b u i l d i ng con s t r uc tio n ,  a nd t ype o f  i nsu
l at io n  used i n  the b u i l d i ng . Ea c h  r oom 
was a l so c l a ss i f i ed accord i ng to e f f ec 
t iv e  w i ndow s u r fa c e  a r ea ( 6  g r o up s )  and 
d e g r e e  o f  expo sur e ( 9  g r oups ) ; i . e . , 
c l a s s i f i ed by deg ree o f  s he l te r i ng by 
o ther pa r ts o f  the b u i ld i ng . Th e roof 
cond i t i o n s  o f  the b u i l d i ng we r e  a l so the 
ba s i s  f o r  c l a s s i f i c ati o n .  Snow ( 3  l ev
e l s )  and r a i n  ( 3  l evel s )  w e r e  c o n s i d e red . 

I n  the a na l y s i s  o f  the se d a t a , the s ta
t i s t i c a l  techni que o f  a na l y s i s  o f  v a r i
ance wa s used . The pur po se o f  the ana ly
s i s  i s  to d e t e r m i ne the r e l a t i v e  contr i
b u t i o n  of each f a c to r  ( e . g . ,  f r eque ncy , 
t ype o f  c ons t r uc t ion , e tc . )  to the over
all v a r iabi l i ty o f  the b u i l d i ng a t te nua
t io n  d a t a . The ana l y s i s  showed that a l l  
f a c t o r s  except wi ndow a pe r t ur e ,  snow , a nd 
r a i n  had a s t a t i s t i cally s ig n i f i c a n t  ef
f ec t  on b u i l d i ng a t t enua t io n . 
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F igu r e  2 - 1 0  shows t h e  r e su l ts o f  a sub se t  
of the da t a  i n  w h i c h  two bu i l d i ng type s 
( wood s i d i ng a nd b r i c k  veneer ) ,  t wo i nsu
l at i o n  types ( b lown in c e i l i ng a nd c e i l 
i ng a nd wa l l s  no metal ) ,  a nd room expo
s u r e  ( one or more wa l l s  expo s ed and no 
expo sed wa l l s )  w e r e  measur ed . Wh i l e  the 
average mea sur ed a t tenua t i o n  f o r  the wood 
and b r i c k  veneer bu i l d i ng s  wa s 6 . 3 dB , 
t h e r e  we r e  seve r a l  me a su r ed a t tenua t io n s  
w h i c h  w e r e  s i g n i f i c a n tl y  g r e a te r . Two 
wood- f r ame houses w i th wood e x t e r io r  i n  
Kansas C i ty h a d  i n t e r i o r  wa l l s  o f  a l um i
num bac k ed sheetr o c k . The m e a s u r ed a t
t enua t io n  fo r the se house s r a ng ed f r om 
1 4 . 6  to 2 2  dB . Th us i t  is a ppa r e n t  that 
for some c la s s e s  o f  hous i ng u n i ts ( f re
quently c h a r ac t e r i s t i c  of an a r e a )  the 
bui l d i ng a t t e nua t io n  is very h ig h .  A 
f o l low-on proj ec t ,  d e s c r ibed b el ow , has 
b een i n i t ia ted ' to s t ud y  a l te r n a t ive meth
ods of r e c e iv i ng a d i r e c t  s a t e l l i te com
mun i c a t i o n s  s i g na l . 

A f i na l r epo r t  ( Th e  a t tenua t i o n  o f  UHF 
r a d i o  s i g n a l s  by house s ,  by Paul I .  We l l s  
( I TS ) and P . V . T r yo n  ( NB S ) ) ,  n ow i n  edi
tor ial p r o c e s s , c o n ta i n s  the d e t a i l s  a nd 
a nalys i s  o f  th i s  mea s u r ement proj ect . I t  
i s  scheduled f o r  f u t ur e  pub l i ca t ion a s  a n  
O T  Re po r t .  

Al ternative Rec�t i o n  Technique s  f o r  
D i r e c t  S a t e l l i t e C ommu n i c a t ion . The r e
s u l ts o f  the b u i l d i ng - a t t e nua t io n  s tudy 
d e sc r ibed abov e hav e p r ompted t wo possi
b l e  areas o f  i nv e s t i g a t ion f o r  imp r o v i ng 
r eception o f  wa r n i ng s i g na l s :  imp r oved 
c oupl i ng ( to compensate in those c a se s  
whe re b u i l d i ng a t tenua t i on i s  e x ce ss i v e l y  
h ig h ) a nd imp r oved ( ye t  c o s t- c o n sc i ous ) 
h ome- r ec e i v e r  d e s ig n .  

The obj e c t i ve o f  t h i s  p r o j ect i s  t o  eval
uate novel , l ow-co s t  a l te r na t i v e  method s 
and tec h n i q u e s  f o r  r e c e i v i ng r ad io s ig
na l s  i n  a v a r i ety of house s i nc l ud i ng mo
b i l e  home s  ( wh e r e  a t te n u a t i o n  i s  h ig h ) . 
The pur po se o f  the r ad io s i g na l  i s  to 
communicate wa r n i ng of a na t u r a l  d i s a s t e r  
s u c h  a s  a s ev e r e  s torm . 

T h e r e  a r e  a number o f  po ten t i a l  t ech
n i ques f o r  co upl i ng the r ad io s i g na l  i n to 
a house . Typi c a l  o f  those wh i c h  w i l l  b e  
s t ud i ed i n  t h i s  ac t iv i ty a r e  u s e  o f  a 
s impl e ,  o ut s ide a n tenna ; co upl i ng thr oug h 
t he AC-powe r  house w i r i ng ;  a nd use of a n  
e x i s t i ng TV a n tenna . 

The type o f  r ec ei v i ng sys tem wh ich may be 
a ppr opr i a t e  w i l l  be d epe nd e n t  upon the 
method of mod u l a t io n  u s ed in the message 
t r ansmi tted f r om the sate l l i t e .  

I n  th i s  s t udy o f  r ec e i v i ng sys tems , p r i
mary c o n s i d e r a t ion w i l l  be g i v e n  to f r e
quency mod u l a t i o n . S t a te- o f- the- a r t i n  
r ec e i v e r  d e s ig n  tec h n i q u e s  w i l l  be sur-
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v eyed f o r  novel d e s i g n s  w h i ch may b e  ap
p l i c ab l e  to a l ow-co s t  r ec e i v e r . 

Th i s  p r oj e c t  was i n i t i a t e d  l a t e  i n  F Y 7 6  
a n d  w i l l  b e  c ompl eted i n  FY 7 7 .  I t  w i l l  
p r ov i d e  b a s i c  i n f o r ma t ion wh i c h  i s  r e
q u i r ed to a ss e ss ad equa tely the f e a s i b i l
i ty o f  a d i sa st e r  wa r n i ng sys tem u s i ng 
d i r e c t  c ommun i c a t i o n  f r om a g eo synchro
nous s a t e l l i te .  

S EC TION 2 . 3 .  TERRESTRIAL RAD I O  
S YSTEM PERFORMAN C E  

T h i s  a c t i v i ty r epr e s e n t s  a s i g n i f i c a n t  
pa r t  o f  a l o ng- term contr i b u t i on to the 
acc eptanc e ,  evalua t i o n , o pe r a t ion , a nd 
upg r a d e  o f  e x i s t i ng commu n i c a t i o n  sys tems 
o pe r a ted by the Fe d e r a l  g o v e r nme n t .  The 
p r o j e c t s  deal w i th s y s t em p e r fo rmance 
p r e d i c t i o n  a n d  sys tem p e r f o rmance 
m e a s u r ement and evalua t ion . 

Rad i o Sys tem P e r f o rmance S tud i es , 1 0 - 3 0  
GHz . The i n c r e a s i ng cong e s t i o n  i n  f r e
que ncy b ands below a b o u t  10 G H z  c o upled 
w i th the need f o r  i n c r e a se d  b a nd w i d th to 
s uppo r t h ig he r  i n fo rma t i o n  r a t e s  makes i t  
mand a t o r y  to expl o r e  po ten t i a l s  o f  w i d e
b and c ommun i c a t ions i n  f r eque ncy bands 
above 10 GHz . The e f f e c t s  of the t r a ns
m i s s i o n  med i um for r ad io commu n i c a t i o n  i n  
t h e se bands w h i c h  have b ee n  t r e a t ed i n  
t h i s  s t udy a r e  fad i ng ( d ue t o  a tm o sphe r i c  
s t r a t i f i c at i o n  a nd t u r b u l e nc e )  a nd a t
tenua t i o n , a s  we l l  a s  d epo l a r i za t ion by 
p r e c i pi t a t i o n . The p r ed i c ta b i l i ty o f  
r a d i o  sys tem pe r fo rmance i s  c lo se ly r e
l at ed to the stat i s t i c s  a nd p r e d i c ta b i l 
i ty o f  these c hannel c h a r ac te r i s t i c s .  

F Y 7 6  e f f o r ts con s t i t ut e  t he second year 
of t h i s  p r o j ec t ,  a nd the o b j e c t i v e s  i n
c l uded f u r the r i n s tr um e n t a t i o n  a nd data 
c o l l ec t ion on the l o ng l i ne- o f - s i g ht 
l i n k s  i n  Colorado ( s ee a l so the nex t p r o
j ec t  b elow ) a nd a s sembly a nd pub l i c a t ion 
of s ta t i s t ical  i nf o rm a t i o n  on a tmo sphe r ic 
r e f r ac t iv i ty a nd r a i n fa l l  r a t e  a s  a 
f u n c t ion o f  g eographical  l o c a t io n .  

A u tomated data c o l l ec t ion a nd e v a l u a t i o n  
e q u i pment co n s i s t i ng o f  a m i n i compu t e r  
and pe r i phe r a l s  wa s p r o c u r ed i n  November 
1 9 7 5 .  Th i s  e q u i pment is sched u l ed f o r  
i n s t a l l a t ion o n  Lo o k o u t  Mo unta i n  a s  the 
c e n t r a l  po i n t  f o r  d a ta c o l l ec t i o n  o n  the 
C o l o r ado l i ne-o f- s i g h t  l i n k s . The d e
s i r ed p r og ram i ng h a s  n o t  y e t  been com
p l eted , a nd d e s i g n  chang e s  i n  the i nput
o utput i n ter fac e s  have d e l a yed i n stal l a
t i o n .  

Muc h of the i n i t i a l  output o f  t h i s  p r o
j ec t ,  a nd a l s o  the ne x t  pr o j ec t  b elow , 
( i nc l ud i ng data g a t h e r e d  on the l ong 
l i ne- o f- s i g h t  l i nks a nd the a ssembly o f  
s t a t i s t i cal i nfo rma t i o n  o n  a tmo sphe r ic 
r e f r ac t iv i ty a nd r a i n f a l l  r a t e ) a r e  d i s
c us s ed und e r  the EM wave T r a nsm i s s io n  
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s ec t io n  o f  t h i s  r e po r t .  Th e r e sul tant 
m a t e r i a l , h owev e r , c o n s t i t ut e s  b a s i c  
b ac kg round i nforma t ion f o r  e s t ima t i ng r e
l i ab i l i ty o f  m i c r owave r ad i o  commun i c a
t i o n s  a s  a f u n c t i o n  o f  a tmo sphe r i c char
a c te r i s t i c s .  Spec i f i c a l ly , r e f r ac t iv i ty 
g r ad i e n t  s ta t i s t i c s  may b e  r e l ated to 
m u l t i pa th phe nomena that a f fec t d i g i tal 
t r ansmi s s ion r e l i a b i l i ty . Ra i n f a l l  rate 
s ta t i s t i c s  form the b a s i s  for prec i pi ta
t io n  a t tenuation o u t ag e  t i m e  e s t imates 
that a f f e c t  the f e a s i b i l i ty o f  u s i ng 
f r equenc i e s  i n  the 1 1 ,  1 5 , o r  1 8  G H z  f r e
que ncy r a ng e s  f o r  c ommu n i c a t i o n  appl i c a
t i o n s  i n  a g i ven a r ea . 

T h e  measur ements ove r the C o l orado l i n k s  
w i l l  b e  c o n t i nued , a nd a ugmen ted w i th 
t r a nsm i s s ions a t  1 5  a nd 1 8  G H z . Fu r the r 
s t ud i e s  r eg a r d i ng a tmosphe r ic e f f ec t s  o n  
d ig i tal commu n i c a t i o n s  w i l l  b e  made . 

Rad i o  Sys tems Appl i c a t io n s  Consul t i � .  
Th i s  proj ect w a s  o r ig i na l ly impl emen ted 
i n  o r d e r  to enab l e  ITS to p r o v i d e  a f a s t  
r e sponse t o  the Army Commu n i c a t i ons Com
mand ' s needs in the impl emen t a t ion , t e s t
i ng ,  p e r f o rmance e s t i m a t i o n , a nd pe r f o r m
a nc e  e v a l u a t i o n  o f  s tr a teg i c  m i c r owav e 
a nd t r opo s c a t t e r  l i nk s  a nd s y s t ems . Th i s  
p r o j e c t  h a s  b e e n  i n  e x i s tence for  a num
b e r  of ye a r s ,  and spe c i f i c  o b j e c t i v e s  o r  
t a s ks a r e imposed b y  t h e  spo nsor a s  r e
q u i r ed . 

FY7 6 t a s k s  we r e  pa r t  o f  a coope ra t ive 
p r o g r am between the u . s .  Army and I TS to 
o b t a i n  pe r fo rmance d a t a  over l ong l i ne
o f- s i g h t  ( LOS ) m i c r owave l i n k s  at f r e
quenc i e s  above 1 0  G H z  ( s ee p r e v i o u s  p r o
j ec t ) . Spec i f i c  obj e c t i v e s  w e r e  to ma ke 
l ong- term t r a n sm i s s i o n  l o s s  m e a su r ements 
ove r two e x i s t i ng l i n k s  in C o l o r ad o  a t  6 
a nd 1 1  GHz , a nd to acq ui r e ,  a s sembl e ,  a nd 
i ns tal l 1 5  GHz  e q u i pm e n t  on the se same 
l i nks . The r e s u l t s  o f  the se t e s ts a nd 
r el ated r e po r ts a r e  d e sc r i b ed under the 
EM Wave Tr ansm i s s io n  po r t ion of t h i s  r e
po r t . 

E q u i pment n e c e s sa r y  f o r  1 5  G H z  measu r e
m e n ts wa s acqu i r ed pa r tl y  o n  l o an f r om 
the U . S .  Ai r Fo r c e  a nd pa r tl y  by the pur
c h a se o f  components . Th i s  e q u i pmen t was 
a s sembled and t e s t ed in the l a bo r a to r y ;  
b u t  h a s  n o t  y e t  been i ns t a l l ed a t  the 
s i t e s .  

Re sul ts o f  the wo r k  und e r  th i s  p r oj ec t  
c ontr i b u te to the d a t a  pool o n  p r ed i c t
ab i l i ty o f  per fo rmance f o r  l ong m i c rowave 
LOS l i nk s ,  a nd p r o v i d e  add i t i o n a l  data on 
expec ted outage t im e  due to r a i n  a t tenua
t ion . Such data c an be u sed as a b a s i s  
f o r  l i nk a nd sys tem r e l i ab i l i ty e s t i 
mate s ,  a l thoug h they con s t i t ut e  o n l y  a 
sma l l  sampl e .  

T e s t  and Acceptanc e �ad � .  Th i s  p r o
j ec t  wa s i n i t i a t ed i n  FY7 1 , a nd provi ded 
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eng i ne e r i ng s e r v i c e s  to the u . s .  Ai r 
Fo r c e  Commu n i c a t ion Se r v i ce ( AFCS ) i n  
s uppo r t  o f  a c ceptance a nd pe r f o rmance 
t e s t i ng of b r o adband po i n t- to-po i n t  com
m u n i c a t i o n  system s . Spec i f i c t a s k s  for 
the p r o j e c t  we r e  the a u t om a t ion of t e s ts 
and m e a s u r ements , a nd d e v e l opme n t  o f  the 
a s s o c i a ted i ns tr umenta t ion w i th empha s i s  
o n  s i g n a l  l evel rec o r d i ng s  f r om m i c r owave 
l i n k s . 

Two a utoma tic d ev i c e s ,  t e rmed " RS L- 1 "  
( f i e l d  t e s ted s e v e r a l  yea r s  ag o )  and 
" RS L-2 " ,  we r e  d e s i g ned a nd b u i l t  by I TS . 
Th e RSL-2 i s  contr o l l ed by a m i n i c ompu
t e r , a nd can p e r f o rm s i g n a l  l ev e l  r ec o rd
i ng s , a ut oma t i c  cal i b r a t i on s ,  a nd on- the
s po t  d a t a  a na ly s i s  for quad r upl e d iv e r 
s i ty m i c r owave commun i c a t ion system s .  I t  
h a s  the p r ov i s ion f o r  r ecog n i z i ng t h e  on
s e t  of f ad i ng cond i t i o n s  a nd f o r  m o r e  de
t a i l ed r ec o rd- t a k i ng under such condi
t io n s . S ig n a l  l evel s c a n  b e  g r aph i c a l ly 
pr e sen ted on pe r i phe r a l  e q u i pme n t ,  a nd 
tape c a s s e t t e s  a c c umul ate d a t a  for  
c omput e r-contr o l l ed a na l yse s at  a l at e r  
t im e . T h u s  a n  asse ssmen t o f  sys tem 
p e r fo rmance c an b e  made i mmed i a t el y ,  ana 
a more d e t a i l ed a na l y s i s  is p o s s i b l e  fo r 
a spec i f i ed t ime b l o c k  a t  a ny l a t e r  date . 

The F Y 7 6  w o r k  i nc l uded upg r ad i ng o f  the 
RSL-2 a nd improvem e n t  o t  the so f twa r e  
prog r am i ng for  t h e  system . 

AFCS D i g i ta l  Oa t� �tern s . The U . S . Ai r 
F o r c e  Commun i c a t i o n  Ser v i c e  ( AFCS ) engi
ne e r s , opera t e s ,  a nd m a i n ta i n s po r tions 
of the Defense Commu n i c a t i o n  Ag ency ' s  
w o r l d-w i d e  m i l i ta r y  c ommu n i c a t io n  net
wo r k .  As the compl e x i ty o f  the netwo r k  
equ i pm e n t  i nc r e a se s ,  the soph i s t i c a t ion 
of the i ns t r umentation r equ i r ed to moni
t o r  the netwo r k  has i nc r ea sed p r opor tion
a te l y . Ye t i t  i s  very d e s i r a b l e  that the 
new i n s t r umentation s h o u l d  be e a s y  to 
use . Ra ther  than u t i l i z e  spe c i a l  p u r po se 
m e a s u r ement equipmen t ,  the dec i s ion was 
made by AFCS to use mod u l a r , s ta nd-a lone , 
prog ramab l e  t e s t  equipmen t w i th a g ene r a l  
p u r pose i n te r fa c e  b u s  ( GP I B ) t h a t  meets 
the IEEE 4 8 8 - 1 9 7 5  s tand a r d . 

I n  o r d e r  to u t i l i z e  the mod u l a r  i n s tr u
m e n ta t i o n  i n  a d i s tr ibuted commu n i c a t ions 
e nv i r onme n t ,  I TS w a s  g iv e n  the r e spo n s i 
b i l i ty f o r  d ev e l op i ng t h e  p r o to type U n i 
v e r sa l  Per formance Asse s sm e n t  a n d  Contr o l  
S y s tem ( UPACS ) . Th i s  sys t em i s  t o  b e  
u sed i n  the ope r a t io n a l  ev a l ua t i o n s  o f  
d ig i ta l  m i c r owave r a d i o s  o n  t h e  AFCS Te s t  
Bed . The UPACS sys t em con s i s ts o f  a c en
t r a l , r ea l - t ime m i n i comp u t e r  w i th d i sc s ,  
g r aphi c s , p r i n te r , magne t i c  t a pe , a nd 
paper- tape fac i l i t i e s .  The c e n t r a l  com
p u t e r  s e r v e s  a s  a master  a nd po l l s  s e r i
a l ly t h r e e  slave m i n i comput e r s  f o r  d a t a  
t a ken v i a t h e  G P I B  i n s t r um e n ta t i o n . ITS 
d e v e loped the c ommu n i c a t i o n s  p r o tocol  a nd 
s o f twa r e ,  a s  we l l  as samp l e  p r og r am s  to 



d emo n s t r a t e  the u se o f  the m i n i comp u t e r  
netwo r k . The c o n c epts b e i ng d e v e l oped by 
I TS f o r  UPA C S  w i l l  mo s t  l i k e l y  have a 
maj o r  r o l e  i n  i nf l uenc i ng f u t u r e  d e c i 
s io n s  concer n i ng DCA l ong- l i ne s  test i ng 
a nd p r o c ed u r e s .  

A s im i l a r p r og r am o f  data acqui s i t ion a nd 
a na l y s i s  v i a  a d i s tr ibu ted compute r n e t
wo r k  was d ev e l oped for  the FKV E u r opean 
sys tem a nd is d e sc r i b ed l a t e r  i n  th i s  
s e c t io n . Ma j o r d i f f e r e n c e s  b e twe e n  FKV 
a nd UPACS a r e  that UPA C S  u s e s  se r ia l  
po l l i ng ove r  a s i ng l e  c ommun i c a t i o n s  l i ne 
to a l l  slave m i n i compu t e r s ,  whe r e a s  FKV 
u s e s  a sepa r a t e  c ommu n i c a t i o n s  chann e l  to 
each s l av e  m i n i comput e r . A l so ,  a l l  i nput 
d a ta to UPACS are o b ta i ned v i a  the GPIB , 
wh i l e  t he FKV sys tem u s e s  spec i a l-pu r pose 
i n s tr umen t a t i o n  a nd a na l og - d ig i ta l  con
v e r te r s  f o r  data i nput . 

The UPAC S sys tem , i nc l u d i ng h a r d w a r e  
a ssembly a nd s o f tw a r e  d ev e l o pm e n t ,  w a s  
c omp l e ted i n  J u l y  1 9 7 6  a nd s h i pped to the 
s po n so r . 

RADC A utoma t i c  D a t a  Acqu i s i t i o n  a nd Anal
y s i s  Sys t em I n s t r umen ta t io n . U n d e r  con
t ra c t  to Rome A i r  Dev e l o pm e n t  C e n t e r  
( RADC ) , G r i f f i s s  AFB , I TS h a s  d ev e l oped 
c omput e r  i n s tr um e n t a t i o n  to m e a s u r e  a nd 
a n a l y z e  the d eg r ee o f  appl icab i l i ty o f  
c r o s s  p o l a r i z a t i o n  t r a nsm i s s io n s  f o r  d i g
i t al rad i o  systems ope r a t i ng a t  8 G H z . 
The p u r po se o f  the exper im e n t  i s  to de
t e r m i n e  the e f f e c t s  of c r o s s  po l a r i z a t i o n  
o n  the p e r formance o f  l i n e- o f- s ig h t  
( LOS ) ,  m i c r owav e ,  d ig i ta l  t r a n sm i s s io n . 

To s t ud y  t h i s  e f f ec t ,  ITS d eveloped hard
wa r e  a nd p r oc u r ed comp u t e r  a nd p e r i phe r a l  
equ i pm e n t  t o  ma k e  the m e a s u r em e n ts . A 
r e l a ted I T S  p r o j e c t  ( r epo r ted o n  i n  sec
tion 4 . 1 ) was devo ted to the d e s i g n  a nd 
con s tr uc t i o n  o f  the c r o s s-pola r i za t i o n  
po r ti o n  o f  the e q u i pme n t .  

Add i t io na l l y , r ea l - t ime s o f twa r e  p r og r am s  
w e r e  w r i t t e n  to m e a s u r e  a n d  d e te r m i n e  the 
i s o l a t i o n  b e twe e n  ho r i zo n ta l l y  po l a r i z ed 
a nd v e r t i c al ly pol a r i zed m i c r owave c h a n
n e l s ,  a nd to r e c o r d  the b i t- e r r o r  c o u n ts 
o f  two q u a d r i pha se , p h a s e- s h i f t- k eyed 
( PS K )  modem s . 

Th e s o f tw a r e  pac kag e c o n s i s ted o f  two 
pa r ts :  a r ea l - t im e  sys t em a nd a po s t
t e s t  s y s t em . Th e r ea l - t ime sys tem col
l ec ts d at a  o n  r ec e ived s ig na l  level ( f or 
both h o r i z o n ta l  a nd v e r t i cal po l a r i z a
t i o n s ) a nd read s b i t- e r r o r  cou n ts . Th e se 
p a r am e t e r s  a r e m e a su r ed o n c e  e ac h  s ec ond , 
a nd p l o ts o f  c umu l a t i v e  d i s t r i b u t i o n s  a r e  
c a l c u l a ted t o  i nc l ud e  5 0 % ,  9 0 � , 9 9 % ,  a nd 
9 9 . 9 % po i n t s . D e ta i l ed d a t a  a r e  s t o r e d  
o n  mag n e t i c  t a p e  fo r use b y  t h e  po s t - t e s t  
sys tem . The r e a l - t im e  sys t em a l so c al i
b r a t e s  the hardwa r e  sys tem o n c e  e a c h  d a y . 
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The po s t- t e s t  sys tem r ead s a l l  the mag ne
tic tape d a t a , a nd c al c u l a t e s  a nd pr i n ts 
h i s tog r am s , h i s tog r am s umma t i o n s , l e a s t  
squa r e s  c u r v e  f i ts ,  c o n f i d ence l im i ts , 
a nd co r r e spond i ng po i n t  matr ices . 

The sof twa r e  p r o g r ams were wr i t ten , i n
s ta l l ed , c he c k ed , a nd ,  a f te r  de l iv e r y  o f  
c omp u t e r  i n s t r umentat i o n , t h e  pr og r am s  
w e r e  t e s ted a t  the r ec ei v e r  s i te i n  N e w  
Yo r k  s ta t e . Re a l - t im e  mea s u r ements we r e  
made a nd t h e  d a t a  were s to r e d . 

I n  F Y 7 6  the f i na l  s o f twa r e  a nd ha rdwa r e  
t u ne- up was p e r f o rmed , a nd t h e  sys tem was 
t u r ned c om pl e tely over  to RADC . F i g u r e  
2 - 1 1  i s  a pho tog r aph o f  t h e  c ompl ete i n
s ta l l at i o n . 

S E LCAL . Ca l l i ng s h i ps a t  s e a  by r ad io i s  
a pa i n f u l  a f f a i r  a nd o f ten a c compa n i ed b y  
a lmost i n to l e r a b l e  d e lays , o n  t h e  average 
ex ceed i ng s i x ho u r s .  

The p r o b l em h a s  b ee n  r e c o g n i zed f o r  some 
t im e ,  a nd i n  1 9 7 2  the Ma r i t im e  Adm i n i s
t ra t ion ( Ma rAd ) , a t  the r eq u e s t  o f  many 
U . S .  s h i pp i ng compani e s ,  i n i t i a t ed the 
d evelopm e n t  of a d i g i ta l  s e l e c t i v e  c a l l
i ng sys tem ( S E LCAL ) to meet pr e se n t  a nd 
f ut ur e n e ed s . 

I n te r na t io na l ly ,  t h i s  need was r ecogni zed 
a nd the C C I R  ad opted a Qu e s t io n  o n  th i s  
s ub j e c t  i n  1 9 6 7 . Ba sed on wo r k  d one by a 
s pec i a l  comm i t tee o f  the Rad i o  Techn i c a l  
Comm i s s i o n  f o r  Ma r i ne S e r v i ce s , a s  w e l l  
a s  some Ma r Ad i n-house analyse s ,  a spec i 
f i c a t i o n  f o r  a d ig i ta l  S E LCAL sys tem w a s  
p r epa r ed a nd a c o n t r ac t was awa r d ed t o  
GTE/Syl v a n i a  to b u i l d  s i x d emon s t r a t i o n  
u n i ts . I TS h a s  s e r ved a s  techn i c al ad
v i sor a nd r e p r e s e n ta t i v e  for Ma r Ad s i nce 
1 9 7 3 .  We c a r r ied out s im u l a t i o n  t e s ts i n  
o u r  l abo r a to r y  a nd pa r ti c i pa t ed i n  a t- s e a  
t e s ts . The r e sul ts o f  these t e s t s  we r e  
p r e s e n ted t o  the C C I R  i n  e a r ly 1 � 7 4 .  

Concur r e n t  wi th the devel opment i n  the 
u . s. , the N e t he r l a nds Admi n i s tr a t i o n  d e
veloped a d i g i ta l  s e l ec t i v e  c al l i ng sys
t em a s  pa r t  of a d i r e c t  pr i n t i ng communi
c a t i o n s  s y s t em f o r  ma r i t ime use . At the 
F i na l  mee t i ng of C C I R  S tudy Group 8 i n  
1 9 7 4 ,  a c omp r om i se between the Nether
l a nd s sys t em a nd the u . s. system was 
a g r e ed upo n in p r i nc i pl e .  The 1 9 7 4  w o r ld 
Admi n i s tr a t iv e  Rad io C o n f e r e n c e  ( WARC ) 
ad opted the d i g i ta l  selective c a l l i ng 
sys tem s ub j e c t  to f i na l  tec h n i c a l  d e f i n i 
t i o n  by the C C I R .  T o  th i s  e nd , a n  I n ter
im Wo r k i ng P a r ty ( IW P ) was e s tab l i shed to 
e n s u r e  that a r ecomme ndation will  be a r
r i v ed a t  b e f o r e  the nex t CCIR P l e n a r y  
A s sembl y .  

T h i s  I n t e r im Wo r k i ng Pa r ty ( I WP ) m e t  i n  
1 9 7 5  a nd a g r eed o n  a pr oposed a r a f t  f o r  
such a Recomme nd a t ion , wh i c h  wa s subm i t
t ed f o r  the 1 9 7 6  I n t e r im Me e t i ng o f  CCIR 
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F igure 2 -1 1 .  Photograph o f  the completed instrumentation for the RADC 
Automatic Data Acquis ition and Analysis System . 



S t udy Gr oup 8 ,  a nd adopted w i th o n l y  a 
f e w  mod i f i c a t i on s .  

A f t e r  the S E LCAL demon s tr a t ion un i ts we r e  
mod i f i ed i n  a c c o r d a n c e  w i th the pr inci
p l e s  o f  the 1 9 7 4  a g r eemen ts , ITS cond u c t
ed f u r the r t e s t s  w i th i t s  HF s imul a to r  
and s upe r v i sed subsequent at- sea t e s ts , 
pr epa r ed con tr i b u t i o n s  to the I WP a nd f o r  
the S t ud y  G r o up 8 mee t i ng , pr e s e n ted t h e  
r e sul t s  o f  these t e s t s , a nd sug g e s ted the 
techn i c a l  c h a r ac te r i s t i c s  for a pr opo sed 
Dr a f t  Recomme nd a t io n . Th e suc c e s s  of the 
m e e t i ng o f  the I WP ,  a nd the ad opt i o n  of a 
D r a f t  Re commend a t i o n  a t  the S . G .  8 I n ter
im mee t i ng , we r e  l a r g e l y  due to these 
U . S .  c o n t r i b u t i o n s . 

A w i d e  r a n g e  o f  S E LCAL e q u i pment i s  fo r e
seen , f r om e l em e n ta r y  un i t s  i n  the p r i c e  
r a ng e o f  $ 1 0 0  to $ 2 0 0  f o r  p l e a s u r e  a nd 
o th e r  sm a l l  c r a f t to h i g h ly soph i s t ic a ted 
u n i t s  w i th many c o n t r o l  f u n c t i o n s  p r i c ed 
a t  s e v e r a l  tho u s a nd s  o f  d o l l a r s  fo r l a rg e  
comme r c i a l  c a r g o  a nd pa sseng e r  s h i ps . 
F i g u r e  2 - 1 2  i s  a pho tog r a ph o f  a wo r k i ng 
S E LCAL u ni t .  Fo r the u . s .  a l o n e , the po
t e n t i a l  m a r k e t  in the n e x t  decad e  w i l l  
p r o bably b e  tens o f  m i l l i o n s  o f  d o l l a r s .  
I n t e r na t io na l l y , the u . s .  i s  i n  a p r ime 
po s i t i o n  to c a p t u r e  a l a r g e  sh a r e  of the 
wo r l d  m a r k e t  due to its e a r l y  l ead . 

FKV D a t a  Measur em ent �tern Developm en t .  
The pur po s e  o f  the FKV- r e l a t ed p r o j ec ts 
wa s to d ev elop and impl ement a sem i-a uto
m a t ed data col lec t i o n  a nd r ed uc tion sys
t em to b e  used to mon i to r  a nd p r e - p r o c e s s  
s i g n i f i c a n t  ope r a t i onal a nd t ec hn i c a l 
p e r f o rm a n c e  pa r am e t e r s  o f  a p i l o t  d ig i tal 
m i c r owave c ommu n i c a t i o n  s y s t em co n s i s t i ng 
o f  f i v e  l i ne- o f- s i g h t  l i n k s . Th i s  c ommu
n i c a t i o n  sys tem i s  o p e r a ted by the U . S .  
Army Communi c at i o n s  C ommand i n  W e s t  
Germany b e tween H e i d e l b e r g  a nd S t u t tg a r t
Va i h i ng e n  ( s ee map i n  f ig u r e  2 -1 3 ) ,  a nd 
con s t i t ut e s  the f i r s t  s t ep i n  the u l ti
mate conv e r s i o n  o f  the wo r l d-w i d e u . s .  
de fense commu n i c a t i o n s  to d i g i t al t r a ns
m i s s io n  techn i que s .  The p i l o t  s y s t em i s  
d e s i g na ted a s  the FKV P r o j e c t  ( Fr a n k f u r t
Ko e n i g s t uh l -Va i h i ng en ) . Re l a ted ITS w o r k  
i s  d e sc r i b ed i n  the p r o j e c t  d e sc r i pt i o n  
immed i a t e l y  f o l l o w i ng . 

Wo r k  und e r  th i s  p r o j e c t  i nc l ud ed p r o c u r e
m e n t  o f  m i n i c omput e r s , r e l a t ed per i phe r a l  
h a r d wa r e , e x ec u t i v e  a nd o ther r equi r e d  
s ta nd a r d  s o f twa r e , a nd t h e  d ev e l o pm en t ,  
c he c k o u t ,  a nd implem e n t a t i o n  o f  c ompu t e r  
p r o g r am s  t o  c o l l ec t ,  s to r e ,  a n d  p r e
p r o c e s s  o p e r a t iona l  p e r fo rmance p a r am
e t e r s  f r om t h r e e  c ommun i c at i o n  s i te s .  
Us i ng d e d i c at ed c ommu n i c a t ion c h a nne l s  
b etween s i t e s ,  t h e  sys tem p e rm i t s  c o l l ec
tion of a l l  i nf o r mation for s to r a g e  at 
the He i d e l b e r g  s ta t ion . 

P a r t i c u l a r  emph a s i s  i n  the so f twa r e  d e
v e l o pm e n t  was g iven to the anal y s i s  o f  
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" events"  o r  " chang e- o f- s ta t e "  data . In
f o r m a t i o n  a b o u t  even ts is s t o r ed on mag
n e t i c  tape s ,  wh ich a r e  f o r wa r d ed to 
Boulder Labo r a to r i e s  for f u r the r a na l y
s e s . Ad d i t i o n a l  p r og r am i ng a c t i v i t i e s  
w e r e  devel oped f o r  s o r t i ng the tape s f o r  
e x am i n a t i o n  on cyc l i c o r  r a nd om even t oc
c u r r e nce , a nd for iden t i f i c a t i o n  o f  o th e r  
charac te r i s t i c s  r e l a te9 to pe r fo rmance 
p r o b l em s  o r  e q u i pmen t s ta t u s . Mo ni tor ing 
events i n  th i s  manner p r ov i d e s  i n fo rma
t io n  r eg a rd i ng such t h i n g s  as a )  c a s c ad
i ng of e r r o r s , b )  the f i r s t  occur r e n c e  of 
e r r o r , a nd c )  po s s i b l e  fault i s o l a t io n . 

The eva l u a t i o n  r ou t i ne s  we r e  a l so devel
oped to p r o v i d e  a check o n  the g r ade o f  
s e r v i c e  o r  sys tem l ev e l . A sys tem level 
of 1,  f o r  e x ampl e ,  means that all pa r ts 
o f  the sys tem a r e  f u n c t i o n i ng . A l evel 
of 5 can mean that the s y s t em i s  off the 
a i r . 

FKV P i l o t  D i g i J;:_al Sys tem Evalua t i o n . 
Th i s  p r o j e c t  s uppo r ts needs i n  seve r a l  
a spec ts o f  c ommun i c a t i o n s  r e qu i r ed f o r  
nat ional de f ense a nd i s  c losely r el a ted 
to the wo r k  d e sc r ibed immed i a tely above . 

I t  con s i s ts o f  several  r e l a ted tasks w i th 
the common o b j e c t i v e  to per fo rm a n  ope r a
t i onal eva l ua t io n  f o r  f iv e  p i l o t  d i g i ta l  
m i c r owave r a d i o  l i n k s  which t r a n sm i t  
h i g h- speed d i g i ta l  i n f o rmat ion b etween 
He i d e l b e r g  a nd V a i h i ng en ,  west Ge r ma ny . 
The FKV d a t a  ac q u i s i t i o n  a nd a na l y s i s  
system i s  s e e n  i n  the photog r a ph i n  ll[
u r e  2 - 1 4 . 

Spec i f ic o b j ec t i v e s  o f  th i s  p r o j ec t f o r  
F Y 7 6  a r e  the comp l e t e  i n s ta l l a t ion o f  the 
I TS-dev eloped a ut oma ted d a ta-co l l ec t i o n  
sys tem i n  E u r ope , a nd ope r at io n  o f  the 
a cq u i s i t io n  sys tem as we l l  as c o l l ec tion 
of  the l e s s  qua n t i f i a b l e  f a c to r s  s uc h  as 
human eng i n e e r ing , t r a i n i ng ,  mai ntena nc e  
c oncepts , a nd ope r a t io n s  concept s . Fur
the r ,  d a t a  a na lys i s  is  to be �n on- g o i ng 
e f f o r t  to p r ov i d e  f a s t  t u r n- a r o und o f  
s o l u t i ons t o  s i g n i f i c a n t  problem s , i f  
they d o  e x i s t ,  a nd t o  a l low f o r  evolu
tionary a na l y s i s  p r o g r am s  on the many 
p a r ame t e r s  c o l l ec t ed . 

Ac t i v i t i e s  i n  FY7 6 w e r e  a s  f o l lows : 

l .  I n s ta l l a t io n  o f  Sys tem on S i te 
i n  Ge rma ny - D u r i ng J u l y  and Aug u s t  1 97 5 ,  
the FKV P i l o t  .Di g i ta l  Sys tem moni to r i ng 
equ i pment wa s ins tal l ed at the He idel
b e r g , Koen i g s t uh l , a nd V a i h i ngen commu ni
c a t i o n  s i t e s . C o n s id e rable e f f o r t  was d e
v ot ed to l oc a t i ng and connec t i ng the 
s i x ty-odd t e s t  po ints to the computer i n
t e r fa c e  g e a r  a nd chec k i ng a l l  d a t a  c o l
l ec t ion prog r am s . The f i na l  i n s ta l l at ion 
c he c k o u t  was comp l e ted by September 1 ,  
1 9 7 5 .  S o f tw a r e  devel opment con tinued f o r  
appr ox imately two months a f ter th i s  d a t e . 



lJ1 
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F igure 2 - 1 2 . A terminal for an experimental digital selective 
c a l l ing system ( SELCAL) for maritime use . 



Figure 2 - 1 3 . Sketch of the FKV 
Pi lot Digital Communi
cation Sys tem in We st 
Ge rmany . 

Figure 2 - 1 4 . Photograph o f  FKV data acquisition and analys is equipment . 
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2 .  Da ta Ac qui s i t io n  a n d  Ana l y s i s  -
The data acq u i s i t io n  sys tem i s  c on f ig ur ed 
such tha t i t  i s  a b l e  to mon i tor  some 
s i x ty t e s t  po i n ts p e r  terminal e nd of the 
commun i c a t ion sys tem . Th e s e  t e s t  po i n ts 
i nc l ud e  m a ny a l a rm f unct ions that a r e  
bui l t  i n to t h e  v a r i ous sub-sys tems a s  
wel l a s  the mon i t o r i ng o f  f r am i ng 
e r r o r s ,  r ec e i v ed s ignal  level s ,  etc . 
The sys tem a s  f i na l l y  d eployed con s i s ts 
o f  f o u r  m i n i c omput e r - b a sed acqu i s i t ion 
sys tems at four separate c omm u n i c a t i o n  
s i te s .  Th e acqu i s i t i o n  sys tems a r e  i n
t e r conn ec t ed by w a y  o f  d at a  modems o pe r
a t i ng over v o i c e  c h a nne l s  i n  the c ommun i
cat ion sys tem b e i ng monitor e d . 

The data acqui s i t i o n  a ppr oach 
is to r e ta i n  data by e x cept ion o r  chang e ;  
that i s ,  o nl y  tho se data a r e  r e ta i ned 
wh i c h  c o n t a i n  i n fo r m a t i o n  i nd i c a t i ng a 
change i n  a p a r a m e t e r  s ta t u s . To acc om
p l i s h  t h i s ,  t h r e sholds m u s t  be se t on 
many o f  the p a r a m e t e r s  a nd pr e l im i na r y  
a na l y s i s  p e r fo rmed t o  a r r ive a t  a d ec i
s io n  on wheth e r  to r e t a i n  the i n fo rma t i o n  
o r  no t .  

The d a t a  c o l l ec ted by e a c h  ac
q u i s i t i o n  sys tem are a s s im i l a ted a t  a 
c e n t r a l  c omp u t e r  a nd s to r ed on a s i ng l e  
a r c h i v e  tape to be u se d  i n  l a t e r  a na l y
s i s . 

3 .  Add i t i on o f  a Four th Comp u t e r  
a t  S t u t tg a r t  - D u r i ng t h e  e a r l y  p e r iod o f  
d a t a  c o l l ec t ion , i t  became e v i d e n t  t h a t  a 
g r e a t  d e a l  o f  sys tem a c t iv i ty w a s  o r ig i
nat i ng a t  the S t u t tg a r t  r ad i o s ta t io n .  
S i nc e  the s t a t i o n  wa s n o t  i nc l ud ed i n  the 
o r ig i na l  comp u t e r  netwo r k , add i t i o n a l  
f und i ng wa s p r o v i d ed by the sponsor a nd 
a n  addi t i o n a l  c ompu t e r  a nd s e t  o f  i n ter
fac e equ i pm e n t  were pur chase d . The sys
tem was a s sembl ed , t e sted a t  the Bo ul d e r  
Labo r a to r i e s , a nd t a k e n  t o  S t u t tg a r t a nd 
i n stal led i n  Ma r c h 1 9 7 6 . 

4 .  La r g e-S c a l e  Da ta Anal y s i s  - The 
ope r a t i o n  o f  the FKV mon i to r i ng sys tem 
r e sul ts i n  the c o l l ec t ion of a c on
s i d e r a b l e  amou n t  of d a t a , a nd the m i n i 
comp u t e r  s y s t em h a s  i n su f f i c i e n t  c apac i ty 
to p e r form the l a rg e- s c a l e  d a t a  a na l y s e s 
d e s i r ed . Thus , the f i na l  d a t a  h a nd l i ng 
i s  done b y  the l a r g e  c omput e r  sys tem a t  
t h e  Boul d e r  Labo r a to r i e s . P r og rams have 
been w r i t ten to chang e  the f o rmat o f  the 
d at a  f r om m i n i compu t e r  to l a rg e  c omputer 
l ang u ag e ,  to order the data i n to a t ime 
sequenc e ,  a nd to e l im i na t e  o bv i o u s l y  i n
val i d  data . P r og rams that d ev e lo p  h i s to
g r ams o f  i n te r v a l s  be twe en v a r io u s  sys tem 
a l a rm s  have a l s o  been wr i tten . Wo r k  i s  
c u r r e n tly g o i ng o n  t o  p r e p a r e  pr og r ams 
that w i l l  ama l g ama te many i nd i v i dual data 
po i n ts i n to a s i ng l e  occ u r r e nc e  or e v e n t  
and to d e t e r m i ne the m o s t  pr oba b l e  c ause 
for  the eve n t .  
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5 .  Measur ement Pe r iod - T h e  o r ig i
nal i n te n t  o f  the p r o g r am was to p e r form 
a year- long mea s u r em e n t  p r og r am i n i t i a l l y  
f r om J u l y  1 9 7 5  to J u l y  1 9 7 6 . Because o f  
unfo r e seen p r o b l em s  a nd sub seque n t  d e l ays 
in the commu n i c a t i o n  sys tem a nd mon i to r  
sys tem impl emen t a t i o n  p r o g r ams , the t i m e  
p e r iod h a s  b e e n  ad j us ted t o  e x t end f r om 
Novembe r 1 9 7 5  thr oug h  De c embe r 1 9 7 6 .  

6 .  A s s i s tance P r o v i d ed t o  Fo l low
On D i g i tal P r o g r am s  - M e e t i ng s  w e r e  held 
be twe en the Army Commu n i c a t ions Command , 
the A i r  Fo r c e  Commu n i c a t i o n  S e r v i c e , a nd 
ITS p e r sonnel l a t e  i n  F Y 7 6  to e x pl o r e  the 
poss i b i l i t i e s of d i r e c t  i nput of e x p e r i
e n c e s  a nd i n forma t io n  to the A i r  Fo r c e  
f o r  u s e  on the D i g i ta l  E u r ope a n  Bac kbone 
( D EB ) , Phase I s y s t em wh i c h  i s  to be im
p l em e n ted u s i ng the same type o f  equ i p
m e n t  a s  i s  c u r r e n tl y  b e i ng used on F KV . 
The m e e t i ng s  r e sul ted i n  a n  ag r e em e n t  be
tween ACC , AFC S , and ITS w h i c h  p r o v i d es 
one i nd i v i dual f r om each o f  the m i l i ta r y  
o r g an i z a t io n s  t o  be on F K V  s i te s  f o r  
t h r e e  months to o b s e r v e  t h e  ope r a t i o n  a nd 
m a i n tena nce p r o c ed u r e s  a nd to d ev e l o p  
s ug g e s t i o n s  f o r  improvem e n ts i n  the se 
p r o c ed u r e s .  The i n fo rma t i o n  w i l l  b e  f ed 
b ac k  through the ITS r e p r e senta t i v e  i n  
E u r o pe a nd w i l l  b e  a pa r t  o f  the ove r a l l  
d at a  base d e ve loped b y  t h e  p r oj ec t .  

7 .  P r e l im i na r y  Re s u l t s  - Some g e n
e r a l  conc l u s io n s  c an b e  r e ac hed a s  a r e 
s u l t  of r e v i ew i ng t h e  l im i ted data ac
q u i r ed over a po r ti o n  o f  the mea sur ement 
p e r iod . The d e s i g n  o f  the sys tem wa s un
d e r taken w i th a c o n s e r v a t i v e  app r o ac h  and 
a s  a r e s u l t  the ove r a l l  p e r fo rmance of 
the sys tem i s  q u i t e  g ood . There was ade
quate and s u f f i c i e n t  r ed u ndancy bui l t  
i n to the sys tem to a s s u r e a c o n t i nu i ty i n  
s e r v i c e  throug h  many c l a s s e s  o f  faul ts . 
Sys tem o utag e s  a r e  i nf r eq u e n t  and i n  many 
c a s e s  shor t- l i v ed . The c h a r a c t e r  o f  many 
of the se f a i l u r e s  is such that the sys tem 
is s e l f - h ea l i ng w i th s ho r t  d i s r up t i o n s . 
I n  add i t ion , t h e r e  hav e been hardwa r e  
f a i l u r e s  a l thoug h the f r equency and de
g r e e  have not b ee n  e x c e s s i v e ; an i nd ica
t i on o f  sol id h a r d wa r e  d e s i g n .  

h a s  been 
i d e n t i f y  
t e r s  that 
f o r  use 
t r ends . 

F i na l l y , no con c l u s i v e  suc c e s s  
a c h i eved to d a t e  i n  the que s t  to 

a parameter  or g r oup of parame
a r e  h ig h - po t e n t i a l  c a nd id a t e s  
i n  total sys tem a s se ssment and 

Rad<:!;:_ !'Vl i c r 2_�av �  L i l2_� .!:!.12.£E._ad e .  The Rad a r  
M i c r owave L i n k  ( RM L ) sys tems of t h e  Fed
e r a l  Av i a t i o n  Adm i n i s t r a t i o n  ( FAA ) a r e  
u sed t o  t r a n sm i t  r adar  sc ope p i c t ur e s  a nd 
r e l a ted data on a i r  space occupa ncy f r om 
o u t l y i ng long- r ange a i r - r o ute s u r v e i l l 
a n c e  r a d a r s  t o  a s so c i a t ed a i r  tr a f f i c  
control c en te r s . M a ny o f  the ex i s t i ng 
l i nks a r e  nea r l y  2 0  yea r s  o l d , a nd w h i l e  
m od i f icat ions have b e e n  made on the 



e q u i pm e n t  i n  o r d e r  to improve p e r f o r m
a nc e ,  the b a s i c  sys tem does not ut i l i z e 
c u r r e n tly a v a i l a b l e  technology i n  m i c r o
wave c ommu n i c a t i on s .  Comp l e t e r e pl ac e
m e n t  o f  the p r e se n t  s y s t em wo uld b e  v e r y 
e x pe n s i v e ; f u r thermor e ,  m a ny o f  the l i nk s  
a r e s t i l l  wo r k i ng s a t i s f a c to r i l y . 

The p r ima ry o b j e c t i v e  o f  the RML upg rade 
is  to  impr ove the p e r f o rmance o f  the sys
t em i n  terms of ava i l ab l e  fade m a r g i n  a nd 
ove r a l l  r e l i a bi l i ty .  The fade m a r g i n  c an 
be i mprov ed by i nc r e a s i ng the ove r a l l  
sys tem g a i n ,  b y  r ed u c i ng the sys t em 
n o i s e , and by imp r o v i ng the l i ne a r i ty o f  
t he v a r i o u s  m od u l e s  to i nc r e a se sys tem 
d ynam i c  r a ng e  a nd to r e d u c e  sys tem d i s
t o r tion . The sys tem r e l i ab i l i ty c an b e  
improved b y  u s i ng s o l i d - s ta t e  d ev i c e s  
t h r o ug ho u t . 

A n  RML r epeater  t e r m i n a l  a nd a n  i nd i c a t o r  
t e r m i n a l  w e r e  f u r n i shed by the FAA f o r  
t e sts a nd m od i f i c a t io n  wor k .  T h e  r ep e a t
e r  te r m i na l  co n s i s t ed o f  s i x  r ec e1 v e r s  
a nd s i x t r a n sm i t t e r s ,  a nd the i nd i c at o r  
t e r m i n a l  con s i s ted of f o u r  r ec e i v e r s  a nd 
t wo t r a n sm i t t e r s .  F igu r e  2 - 1 5  i nd i c a t e s  
the f r equency pl an a nd t h e  sys tem c o n f i g 
u r a t i o n . 

A s urvey w a s  c onduc ted of c omme r c i a l l y 
a va i l a b l e  r e t r o f i t  un i ts . As a r e sul t o f  
the s u r vey , ten so l i d - s ta t e  r e c e i v e r  
f r on t- e nd u n i t s we r e  p u r c h a sed . Th e se 
u n i t s con s i s t  o f  a bal anced m i x e r ,  Gunn 
d iode l o c a l  o s c i l l a to r , a n d  AFC c i r c u i t
r y ,  a nd they r ep l a c e  the s i ng l e- e nded 
m i x e r , k l ys tr on local o sc i l la to r , a nd 
a s so c i a ted waveg u i d e . Ten s o l i d- s t a t e  I F  
p r eampl i f i e r s  a nd I F  ampl i f i e r s  w e r e  p u r 
c h a sed to r e p l a c e  t h e  pr e s e n t  vacuum t u b e  
I F  s t r i ps . Figu r e  2 - 1 6  shows t h e  c ompon
e n ts of a n  unmod i f i ed r e c e i v e r  a nd those 
i n  the m od i f i ed e q u i pm e n t .  .!:..i9_u r e  2 -1 7  
s hows the c ompone nts o f  a n  unmod i f i ed 
t r a n sm i t t e r  a nd those o f  a m od i f i ed 
t r ansm i t t e r . Fo ur 1-wa t t  t r a nsm i t t e r  
r e tr o f i t  u n i t s  we r e  pur chase d  to r e pl ac e 
t e n  e x i s t i ng 1 0 0  mW k l y s t r on t r a nsm i t
t e r s .  Two d i f f e r e n t  type s o f  t r a n sm i t
t e r s  we r e  p u r c h a sed f o r  compa r i s o n  i n  
o r d e r  to d e t e r m i ne the b e s t  type f o r  
r epl ac emen t .  These u n i t s  w e r e  t e s ted on 
an i nd i v i d u a l  b a s i s  a nd then i n s t a l l ed i n  
the sys tem . 

The p r e s e n t  waveg u i d e  b r a nc h i ng ne two r k  
w h i c h  coupl e s  the t r a n sm i t te r s  a nd r e 
c e i v e r s  to a c ommo n  waveg u id e  c an b e  a 
s o u r c e  o f  m i sm atch and d eg r ad a t ion of the 
sys tem if not pr ope r l y  a l i g ned . 

I n  o r d e r  to make compa r i s o n s , o ne re
c e i v e r  w a s  l e f t  unmod i f i ed ,  o n e  r ec e i v e r  
m od i f i ed w i th o n l y  a so l i d- s ta t e  I F  p r e
ampl i f i e r  a nd I F  ampl i f i e r , a nd the o the r 
r ec e i v e r s  we r e  m od i f i ed w i th the b a l a nc ed 
m i x e r , Gunn D i o d e  o sc i l l a to r , AFC c i r
c u i t r y , s o l id - s ta t e  I F  p r eampl i f i e r , a nd 

5 5  

I F  ampl i f i e r . 
i f i ed wi th a 
l oc ked s o ur c e .  

Two t r a n sm i t t e r s  we r e  mod
c r y s tal-con t r o l l ed phase-

A f ter the se mea su r em e n ts , 
p e r formance t e s t s  wa s mad e .  
per formed a r e  a s  f o l lows : 

a se r i e s  o f  
The tests 

1 .  

2 .  

3 .  
4 .  
5 .  

6 .  

7 .  
8 .  

baseband- to-ba seband l evel and 
f r equency r e sponse 
m e a s u r emen t o f  t r a n sm i tter 
power 
t r a nsm i t ter f r equency s tab i l i ty 
m od u l a to r  l i nea r i ty 
r e c e i v e r  no ise f i g u r e  measu r e
m e n ts 
r ec e i v e r  t r a n s f e r  charac ter i s
t i c s  
d em od u l a t o r  l i near i ty a nd delay 
r ec e i v e r  s u s c ept i b i l i ty t e s t s . 

The t r a n sm i t t e r  m od i f i c a t io n s , by u s i ng a 
1 -wa t t  s o u r c e  i n s tead of a 1 0 0  mw source , 
should have g iv e n  a 1 0  dB i nc r ea s e  i n  
sys tem g a i n , b u t  d ue t o  f i l te r  l o s s e s  
o nly 7 d B  o f  g a i n  i nc r e a se wa s real i zed . 
The l i nea r i ty a nd d e l ay o f  the f u l ly mod
i f i ed t r a nsm i t t e r  a nd r ec e i v e r  shows 1 0 %  
impr ovem e n t  i n  l i near i ty a nd 1 5  n s  im
pr ovement in d e l a y . The t r a n s f e r  cha r ac
t e r i s t i c s  of the r e c e i v e r s  i nd i c ate an 
i ncrease in l i ne a r i ty a nd dynam ic rang e .  
The use o f  s o l i d- s ta t e  r e t r o f i t  un i ts 
a l so r ed u c e s  power consumption a nd i n
c r e a s e s  the r e l iab i l i ty a nd f r eque ncy 
s t a b i l i ty o f  the sys tem . 

Af ter r ec e i pt o f  the new b r a n c h i ng net
wor k ,  l abo r a to r y  tests w i l l  be compl eted , 
a nd a r e po r t  on a l l  mea s u r ements , t e s t  
r e sul ts , a nd rec omme nd a t ions s uppl i ed to 
the spo nso r ( i n F Y 7 7 ) to conclude wo r k  
under th i s  p r o j ec t .  

D igi tal E u r��� Bac kbone (D E B )  L i n k  
T e s t s . S ho r t- t e r m  measu r ements o f  the 
r ec e i v ed s i g na l  l ev e l  at 8 . 6  GH z and the 
impul se r e spo nse i n  a 3 0 0  MHz band w i d th 
w e r e  made over th i r teen l i nks i n  Eur ope 
to d e t e rm i ne the opt imum an tenna h e i g h t s  
and d iv e r s i ty spac i ng s  f o r  use wi th the 
h ig h- speed d ig i ta l  c ommu n i c a tion sys t em 
to be i ns ta l l ed i n  the netwo r k  k nown a s  
the D i g i ta l  E u r opean Bac kbone ( D EB ) , 
Phase I .  Th i s  sys tem wi l l  ope rate i n  the 
8 . 2  to 8 . 4  GHz band u s i ng hor i zontal 
po l a r i za t io n  a nd v e r t i c a l  spac e d lver
v e r s i t y .  The pur po se of  the path test  
p r o g r am wa s to  a s s i s t  the U . S .  Ai r Force 
in  the l i nk eng i neer i ng phase o f  the DEB 
sys tem by i d e n t i f y i ng path obs t r uc t ions 
a nd h a r m f u l  r e f l ec t io n s .  

A w i d eband channel pr obe r e f e r e nc e  sys tem 
d eveloped at ITS for evalua t i ng mul t i pa th 
p r opag a t i o n  a t  m i c r owave f r equenc i e s  was 
u sed f o r  the mea s u r ements . 

T h e  DEB e f f o r t  c o n s i s ted o f  the f o l low i ng 
f o u r  tas k s : 
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Figure 2 - 1 6 . 
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Figure 2 - 1 7 . Comparison block d i agrams o f  (1\)  the standard RML transmitter 
( top ) and ( B )  the mod i fied ffi1L transmitter (bottom) . 
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. I 

a .  Rev i ew p e r t i nent maps and pro
f i l e s  and comp i l e  a ppl icable meteor
o l og i c al i n f o rm a t i o n  to d e t e r m i ne the 
most c r i t i c a l  l i n k s  i n  te rms of pe r f o rm
ance unc e r ta i n t i e s .  

b .  As semble a nd prepa r e  e q u i pm e n t  
needed for  path l o s s  te sts . 

c .  Conduc t the r equ i r ed t e s t s  i n  
E u r ope a nd p r o v i d e  i n te r im r e su l ts o n  the 
b a s i s  of pr e l im i na r y  a na l y s e s  of r e su l ts . 

d .  P r e pa r e  a f i na l  r e po r t  w i th 
r ec ommend a t i o n  f o r  a n te nna h e i g h ts , d i
v e r s i ty spac i ng s ,  a nd o th e r  pe r ti nent 
param e t e r s  b a sed on t e s t  r e s u l ts . 

The p r e l im i n a r y  path evalua t i o n s  ( Ta s k  a )  
w e r e  based o n  path p r o f i l e s  a nd tower
h e i g h t  i n f o rma t io n .  A path-by-path com
puter a na l y s i s  p r ov i d ed i n f o r m a t i o n  o n  
the l o c a t i o n  a nd e f fects o f  po s s i b l e  o b
s t r uc tions a s  we l l  a s  po s s i b l e  e f f e c t s  o f  
g r ound r e f l e c t io n s  for  a l a r g e  r a ng e  of 
r e f r ac t iv e  g r ad i en ts wh ich a f f e c t  the ray 
paths b etwe en a n tenna s .  Th e se a na l yse s 
d id not t a k e  i n to account po s s i b le vege
t a t i o n  a l ong the l i nk s ,  o r  r e f l ec t ions 
c a u sed b y  a tmosphe r ic mul t i pa t h  or  by 
t e r r a i n  f e a t u r e s  wh i c h  we re n o t  l o c a ted 
o n  the g r e a t  c i r c l e  path b e tween termi
nal s .  

T e s t s  we r e  cond uc ted ( Ta s k  c )  o n  th i r teen 
l i n k s  in nor the r n  I ta l y  and W e s t  Germany 
b e tween 1 8  Aug u s t  and 5 D e c emb e r , 1 9 7 5 .  
Re c e i ved s ig na l  l ev e l s  were r eco rded for  
d a y  a nd n ig h t  pe r io d s  to p r ov i d e  a n  i nd i 
c a t ion o f  t h e  sho r t- te r m  f ad i ng o n  each 
l i n k . These RSL data a nd the impul se r e
s po n se d a t a  a l s o  p r ov ided i nf o r m a t i o n  
conc e r n i ng po s s i b l e  pr opag a t io n  mechan
i sms c a u s i ng f ad i ng a nd po ten t i a l  deg ra
d a t i o n  of sys tems per fo rmanc e .  

P a th t e s t ing u s i ng t h i s  channel probe i s  
s im i l a r  i n  many r e spec ts t o  tho se p r o c e
d u r e s  u sed f o r  conven tional cw systems . 
The pr im ary d i f f e r ence b e tween the me th
ods is in the fo rmat of the r ec e ived d a t a  
a nd i t s  a ppl icat ion . T h e  c w  mea s u r e
m e n t  p r o v i d e s  o n l y  r ec e i v ed s ig na l  l evel 
as a function o f  a n te nna po s i t i o n s , a nd 
the se v a l u e s  m u s t  be pl o t t ed to d e t e rm i ne 
h e i g h t-g a i n  c u r v e s .  In c o n tr a s t , the 
channel probe m e a s u r e s  the i mpul se r e s
ponse a s  a f u n c t i o n  o f  t i m e ;  r e f l ec ted or 
r e f r ac ted c omponents may be r e so lv ed rel
a t ive to the d i r ec t path in  terms of  b o th 
magni t ud e  a nd t ime d e lay . The r e l a t i v e  
p h a s e  b etwe e n  c omponents c an a l so be 
e v a l u a t ed u s i ng the quad r a t u r e  componen ts 
o f  the impul se r e sponse . 

The use o f  the c hannel probe t e s t  tech
n ique d oe s  not c ompl etely e l i m i na t e  the 
nec e ss i ty for movi ng a n tenna po s i t i o n s  on 
the towe r , but does p r ov i de m o r e  i n fo r ma
t io n  f r om a f i x ed a n tenna c o n f i g u r a t io n  
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than i s  po s s i b l e  f r om a c w  mea s u r emen t .  
Fo r exampl e , i t  i s  po s s i b l e  to d e r ive a 
h e i g h t- g a i n  c u r v e the o r e t i c a l ly , g iven 
the m ul t i pa t h  d e l a y s  a nd mag n i t ud e s  a nd 
u s i ng cer ta i n  a s s ump t i o n s  based o n  
smoo th-ear th theory . 

Impul se r e sponse d a ta o b ta i ned w i th the 
probe provide v a l ua b l e  i n s ig h t  i n to the 
p r opag a t i o n  mecha n i sms which c a use fad
i ng .  Fo r e x ampl e ,  if fad i ng occur s when 
no m u l t i pa th is a ppa r e n t ,  the c a use i s  
p r obably a defo c u s i ng e f f e c t .  I f  the im
pulse r e spo nse e nv elope c o n ta i n s  s e v e r a l  
peaks a nd val l eys v a r y i ng r a nd om ly w i th 
t ime , then a tmo sphe r ic m u l t i pa t h  e x i s ts . 
A g r ound- r e fl e c ted compo n e n t  appe a r s  a s  a 
r el a t ively s ta b l e  i mpul se at some f i x ed 
d e l ay f r om the d i r ec t c omponent . S k e t ch
e s  o f  o s c i l lo s cope pho tog r aphs a nd c o r r e
s pon d i ng p r opag a t ion paths show i ng these 
cond i t i o n s  a r e  seen i n  f igu r e  2 -1 8 .  

T e s t  r e sul ts have i d e n t i f i e d  t h r e e  po ten
t i a l ly t r o u b l e some l i nk s  i n  the Phase I 
netwo r k . Mo s t  o f  the o ther l i nk s  we r e  
fo und t o  b e  qu i te typ i c a l  f o r  l i ne- o f 
s ig h t  pa ths , e xh i b i t i ng only t h e  normal 
a tmo sphe r i c v a r i a t i o n s  in RS L .  No s i g ni 
f i cant g r ound r e f l ec t io n s  w e r e  obse r ved 
for a ny of the paths , and thus a n tenna 
h e i g h t s  a r e  n o t  c o n s i d e red c r i t i c a l  in 
most c a se s .  G r o und r e f l ec t ions that we r e  
o b s e r ved we r e  on the o r d e r  o f  1 0  to 4 0  d B  
below the d i r e c t  r e sponse , a nd w e r e  thus 
g e ne r a l l y  i ns ig n i f i c a n t  to p e r fo rmanc e .  
Most o f  these g r o u nd r e f l ec t ions w e r e  
ad equa tely d i s c r im i na t ed a g a i n s t  b y  a n
tenna pa t te r ns a nd/or te r r a i n  b l o c k ag e .  
Re sul ts f o r ' the se m e a s u r ements we r e  f ound 
to be q u i t e  c l o se to p r ed i c t io n s  made by 
c ompu t e r  a na l ys e s .  The l a t te r  we r e  per
f o r med by ITS p r i o r  to the a c t ua l  t e s t s , 
and were used a s  a g u i d e  i n  the t e s t  pl an 
and p r o c ed u r e s .  

Two l i n k s  tha t  d id i nd i c a t e  m i nor g r ound 
r e f l ec t ions we r e  analyzed u s i ng the im
pul se r e sponse d at a .  The r e su l ts of 
the se t e s t s , a lo ng w i th a d e sc r iption of 
the channel p r o b e , have b een r epo r ted to 
the spo n sor ( E l ec tr on i c  Sys tems D i v i s i o n ,  
USAF ) . 

Lo s A l amos S c i e n t i f i c  Labo r a t o ry (LAS L )  systems P r ogr am S t udy . Th i s  p r og r am was 
i ni t i a t ed by LAS L to d e f i ne the La bo r a
tory r o l e  i n  the manag em e n t  and techn i c a l  
s uppo r t o f  n a t ional p r i o r i ty p r og r ams . 

The o b j e c t i v e s  of th i s  p r o j ec t  w e r e  the 
d evel opment o f  a r a t io na l e  for a l abo r a
tory sys tem s  a na l y s i s  a nd e ng i ne e r i ng o r 
g an i z a t io n  a nd ;  d e f i n i t i o n  o f  the i n tr a
l a b o r a t o r y  o r g a n i z a t io na l  r e l a t io n sh i ps , 
pr ior i t i e s ,  a nd c ha r ac t e r  o f  f e d e r a l  
agency s uppo r t ,  c a pa b i l i ty e n hanc ements � 
a nd the devel opment o f  an o r g an i z a t i o n  
iGplemen t a t i o n  sched u l e . 
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Figure 2 - 1 8 . Stylized sketches of three types of paths and the corresponding 
o s c i l loscope traces observed with the channel probe . Sho�m at 
the top is an overwater path . In the middle is a typical path 
of the Digital European Backbone ( DEB) sys tem . At the bottom i s  
a n  i l lustration o f  time vari ation due t o  changing atmospheric 
cond ition s . 
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The f i na l  l e t t e r  repo r t  to the spo n s o r  
p r e s e n ted a summa ry d i sc u s s i o n  o f  the 
s uppo r t  a r e a s  i n  r a t ionale f o r  d e v e l op i ng 
a sys t em s  ag ency w i t h i n  LAS L ,  the 
add i t i o n a l  r e so u r c e  r equ i r em e n ts , a nd a 
sche d u l e  fo r a c q u i r ing sys tems m a na g eme n t  
p r o g r am suppo r t  a nd the expansion o f  
l abo r a to r y  c apab i l i t i e s .  

U . S .  C o a s t  G u a r d  C o n sul t i ng .  Th e USCG 
m a i n ta i ns a l a r g e  netwo r k  of HF commun i 
c a t i o n  system s . Th e op t im i za t i on o f  t h i s  
n e t  f o r  m i n im um spec tr um u s e  a nd m i n imum 
o pe r a t i ng co s ts r eq u i r e s  a s tudy o f  
t r ad e- o f f s  i n  i ts oper a t i o n . 

The obj e c t iv e  o f  the c on s u l t i ng pr o j e c t  
i s  t o  p r ov i d e  USCG w i th sys tem s t ud i e s  t o  
m a i n t a i n  the i r  commu n i c a t ion r e l i a b i l i t y  
w h i l e  m i n im i z i ng t h e  opera t i ng f r equen
c i e s .  

Two ma j o r s t ud i e s  a nd many m i nor on e s  
w e r e  per fo rmed i n  FY7 6 .  One s t ud y  ( the 
A l a s ka n  s t ud y )  was to d e t e rm i ne the nec
e ss a r y  c ommu n i c a t i o n  s t a t i o n s  a nd the i r  
o pe r a t i ng f r equenc i e s  f o r  g oo d  c ommu n i c a
t io n s  to the Ar c t i c  r eg i on s .  The USCG 
must m a i n ta i n  commu n i c at i o n s  to the i r  i c e  
b r e a k e r s  a nd othe r s h i ps i n  the r eg i o n  o f  
P r ud hoe B a y  whe r e  i n tense o i l  we l l  d r i l l
i ng ope r a t i o n s  a r e  und e r way . 

The second s t ud y was to look f o r  po s s i b l e  
wo r l d-w i d e  emerg ency c a l l i ng f r equenc i e s  
i n  the HF b a nd . D i s c u s s i o n s  b etwe e n  na
t io n s  have t a k e n  place at I MCO ( I n ter
Gove r nmental Ma r i t im e  Consul t a t i v e  O r g a
n i z a t i o n ) f o r  add i t ional f r equenc i e s  to 
be used to c al l  for help d ur i ng eme r g e n
c i e s  a t  sea . Th i s  s t ud y h a s  shown the 
r e l iab i l i ty p r ed i c ted for s e v e r a l  c om
b i na t i o n s  o f  f r equenc i e s  i n  the HF b a nd 
to a r e a s  i n  bo th the No r th A t l a n t i c  a nd 
i n  the Pac i f i c  Ocea n .  

The A r c tic s t ud y h a s  shown that a s t a t i o n  
a t  e i the r Ad a k  o r  Ba r r ow wo uld help g iv e  
the d e s i r ed coverage of the r e g i o n . The 
s t udy h a s  p r e se n ted t r a d e- o f f  c ha r ts so 
that the USCG can dec ide what e f f e c t s  
the i r  impl em e n t a t i o n  o r  d e ac t i va t i o n  o f  a 
s ta t i o n  w i l l  have on c ommun i c a t i o n  cover
ag e .  F igu r e  2 - 1 9  shows a r e l i ab i l i ty 
cha r t  f o r  t h i s  s t udy . 

The eme rge ncy f r equency s t ud y h a s  shown 
that f r equenc i e s  of 8 a nd 12 MHz are the 
best po s s i b l e  f r equenc i e s  for  wo r l d- w i d e  
g ua r d f r eque nc i e s  for  a l l  c o nd i t i o n s  o f  
s o l a r  ac t iv i ty ,  s e a sons , a nd ho u r s ,  wh e n  
compa r ed t o  o the r p a i r s  o u t  o f  a g r oup o f  
s i x f r eque n c i e s .  I n  add i t i o n , s i ng l e  
f r equenc i e s , t r ipl e ts , a nd qua d rupl ets o f  
f r equenc i e s  we r e  s t ud i ed i n  o r d e r  more 
f u l ly to u nd e r s tand the t r a d e- o f f s  i n
volved . F igu r e  2 -2 0  shows some r epr e s e n
t a t i v e  r e l i ab i l i ty c ha r ts f o r  the No r th 
A t l a n t i c . 
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NDBP - S ho r e  S t a t io n .  The Na t i o n a l  Da t a  
B u o y  Of frce-(N DBO) of NOAA has r e sp o n s i 
b i l i ty f o r  d ep l oy i ng i ns tr umented b uo y s  
i n  t h e  ocea n s . Add i t io n a l l y  i t  i s  r e
spo n s i b l e  f o r  the t r a n s f e r  of oceanog r a 
phic a nd weathe r i nf o rm a t i o n  c o l l ec ted b y  
i n s t r um e n t a t i o n  moun ted on the buoys t o  
b a s e  s t a t i o n s  whe r e  i t  i s  forwa rded to a 
c e n t e r  whe r e  the d a t a  a r e c o l l ec ted , 
a na ly z ed , a nd made av a i l a b l e  fo r sc i en ti 
f i c pur po se s .  Rad i o  i s  u sed f o r  the d a ta 
l in k s . 

I TS has a s s i s t ed the NDBO w i th the d e s ig n  
a nd i ns t a l l a t i o n  o f  the c ommu n i c a t i o n s  
sys tems be twe e n  t h e  b uoys a nd b a se s ta
t io n s  a nd the c o l l ec t i o n  center  in F l o r 
i d a . Th e ac t i v i ty t h i s  f i sc a l  year  h a s  
cons i s t ed o f  t h e  c ompl e t i o n  of a r e po r t  
( OT TM 7 6 - 2 1 2 ) g iv i ng i n s t r uc t i o n s  f o r  
t h e  ope r a t i o n  a nd m a i ntenanc e  o f  t h e  N DSO 
equ i pm e n t  w h i c h  wa s i ns tal l ed by ITS a t  
the C o a s t  Gu a r d  Sa n F r a n c i sco Sho r e  Com
m u n i c a t i o n s  S t a t i o n . C o n sul t a t i v e  a d v i c e  
h a s  a l so b e e n  p r o v i d ed i n  connec t i o n  w i t h  
a n te n na s  a nd f r eque nc i e s  t o  b e  used by 
the NDBO f o r  spec i f i c  commun i c a t i o n s  
need s . 

S EC T I ON 2 .  4 .  S IMULATION A ND s ·rANDARDS 

S imul a t i o n  a nd s ta nd a r d s  ( i n c l ud i ng ha nd
boo k s  a nd g l o s sa ry d evelopm en t )  a r e  c om
b i ned h e r e  to empha s i z e the na t ur e  of the 
s im u l a t io n  ac t iv i ty ,  wh i c h  p r o v i d e s  a 
r ea l i s t i c , r epeatable me thod o f  e v a l u a t
i ng a nd c ompa r i ng d i f f e r e n t  s ub- sys t em 
e l ements ( e . g . , mod em s )  o n  a n  obj e c t i v e  
b a s i s . 

M i n imum E s se n t i a l  Emergency C ommu n i c a
t i on� N e two r k  (MEEC N )  S im u l a t io n .  Th i s  
p r o j e c t  p r e se n tl y  h a s  two o b j e c t i v e s : 

1 .  To o b ta i n  comp r ehen s i v e  per
fo rmance measu r ements s imul taneo u s l y  o n  
the U . S .  Ai r Fo r ce 6 1 6A a nd u.s. Navy 
Ve rd i n  VLF -LF d ig i ta l  commu n i c a t i o n  sys
tems und e r  r ea l i s t i c  c ha nnel c o nd i t i o n s  
u s i ng t h e  I T S  Io nosphe r ic Channel S imu
l a to r . 

2 .  To d evelop a nd evaluate an ex
p e r im e n ta l  i n te r f e r e nce s uppr e s so r  that 
can b e  u se d  w i th such sys tem s .  

The 6 1 6A a nd Verd i n  a r e  soph i s t i c a ted 
sys tems that i ncorpo r a te sev e r a l  mod u l a
t i o n  tec hn i qu e s  w i th a numbe r o f  c ompat
i b l e  mod e s  of ope r a t io n  that are u sed i n  
the Depa r tm e n t  o f  De f e n se ' s  M i n im um Es
s e n t i a l Em e r g e ncy Commu n i c a t i o n  N e t wo r k  
( MEECN ) .  Th e f i r s t  s e t  o f  c ha nn e l- s imu
l a tor mea s u r ements wa s made in one mod e 
o f  o pe r a t i o n  i n  FY7 5 .  F igu r e  2 - 2 1  shows 
the c hannel s im u l ator u sed in the p r o
j ec t .  A c l a s s i f i ed r epo r t  on the r e sul t s  
o f  these mea sur emen ts wa s comp l e ted a nd 
pub l i shed i n  FY7 6 [ W a t t e r so n , e t  a l . 
( 1 9 7 5 ) ; C ompa r a t i ve Eval ua t i o n  6 1 6A/V e r -
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Figure 2 - 1 9 . Charts comparing the expected service re l i abi l i t ies ( percent ) 
w i th ex i s t ing s tat ions ( top ) and \vith t\vo addi t ional stations 
at Adak and Barrovl ( bottom) operating at 6 and 8 HH z . Conditions 
portrayed are winter night and high solar activity . 
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Charts showing the p redicted c i r c u i t  re l i ah i l i ty in percent for 
l o c ations in the North Atlantic to s i x shore s t a t i o n s  at 
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1 6 1 and 2 2  MHz . The upper chart inc ludes a l l  value s ; the l ower 
chart tho se values equal to or greater than 8 5 % . 
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F igure 2 - 2 1 . Photograph of the I T S  ionospheric channe l simu l ator used to 
make the HEECN measurements . 
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d i n  Mod em s , Phase I I ,  Pa r t  1 ( U ) ;  DC A 
Te c h .  Pub . 9 6 0 -TP- 7 5 -4 0 ,  1 - 1 3 4  ( S e c r e t ) ] .  
I n c luded i s  a d e sc r iption o f  a spec i a l l y  
d e s i g ned a nd b u i l t  t e s t  s e t  u s e d  to d e
l iv e r  d a ta to the t r a nsm i t t e r  a nd to d e
t ec t  a utoma t i c a l ly charac t e r  e r r o r s  i n  
the outputs o f  the r ec e i v i ng s y s t em s . An 
explana t io n  a nd a na l y s i s  is a l so p r e se n t
ed o f  the on-l i ne m i n i c omput e r  process i ng 
u sed to d e t e rm i ne the a c c u r a c y  o f  e a c h  
m e a s u r ement a s  i t  pr og r e ssed . S i nce 
a c c u r a c y  improves wi th mea s u r ement t ime , 
the pr o c e s s i ng a l lowed a n  opt imum compro
m i se b etwe en measu r ement a c c u r a c y  a nd 
m e a s u r ement t ime to be a c h i eved , pa r ti c u
l a r l y  a t  l ow e r  e r ro r  p r oba b i l i t i e s . 

D u r i ng FY7 6 ,  a s im i l a r , s e c o nd s e t  o f  
c hanne l - s im u l a to r  measur eme n t s  wa s made 
s im u l tane o u s l y  o n  the 6 1 6A a nd V e r d i n  
sys tems i n  s i x  mod e s  o f  ope r a t io n  common 
to the two sys tems . The pe r fo rmances o f  
the sys tem s  we r e  d e t erm i ned w i th r e spec t 
to a v a r i e ty o f  c hannel d i s to r t io n s : 
Ga u s s i a n  n o i se , a tmosphe r ic n o i se , cw i n
t e r f e r e nc e ,  m u l t i path , Doppl e r , f a d i ng , 
and repeat j amming . I n  a r o und-the - c l o c k  
m e a s u r em e n t s  over  a s i x-month pe r i od , 5 3  
expe r im ents we r e  pe r f o rmed , e a c h  o f  which 
y i elded a pair  o f  per fo rmance c u r v e s  ( one 
for each sys tem ) o f  c h a r a c t e r  e r r o r  p r ob
a b i l i t y  a s  a func t i o n  of the mag n i t ud e  o f  
the c ha nnel d i stor tion . A c l a s s i f i ed 
r e po r t  on the r e su l ts o f  the sec o nd set 
of c hannel - s im u l a t o r  mea sur ements i s  b e
i ng pr epa r ed [ Wa t t e r son a nd M i n i s t er 
( 1 9 7 6 ) ;  C omp a r a t i v e  Eval ua t i o n  6 1 6A/Ver
d i n Mod em s , Phase I I ,  Pa r t  2 ( U ) ;  DCA 
T e c h . Pu b .  ( S e c r e t ) ] .  Th e r e s u l ts o f  
both s e t s  o f  c hannel- s im u l a t o r  mea s u r e
ments p r o v i d e  v a l u a b l e  i nfo rma t i o n  on the 
per fo rma nce capab i l i t i e s  of the two 
sys tems that c a n  be u sed f o r  p e r f o rmance 
p r e d i c t i o n s  in the MEECN n e two r k . 

The devel opment o f  a n  expe r ime n ta l  i n ter
f e r e nc e  s uppr e s s o r  s u i t abl e fo r the 6 1 6A 
a nd Ve rd i n  sys tems wa s a l so unde r taken 
a nd largely c ompl eted in  FY7 6 .  Two meth
ods w e r e  c on s i d e r ed : a phas ing me thod 
a nd a v a r i a b l e-c lo c k i ng method . W h i l e  
t h e  pe r f o rmance o f  the v a r iab l e- c l oc k i ng 
m e thod w i l l  be po o r e r  under some i n te r
f e r ence c o nd i t io n s ,  i t  was c ho s e n  b ec a use 
a pr a c t i c a l  d e s i g n  has a bo u t  h a l f  the 
c ompl ex i ty o f  the pha s i ng me thod . An 
a l l-d ig i ta l  d e s ig n  was pr epa r e d a nd a n  
expe r imental i n t e r f e r e nce suppr e s s o r  us
i ng this d e s i g n  was con s t r u c ted . At the 
end of FY7 6 ,  bench tests o n  the un i t  we r e  
i n  prog r e ss . Wh en t h e  b ench tests a r e 
c ompl eted , the suppr e s s o r  wi l l  be t empo r
a r i ly i ncorpora ted a s  pa r t  of the 6 1 6A 
s ys tem , a nd c hanne l - s im u l a t o r  mea s u r e
ments wi l l  be mad e to d e t e r m i n e  the im
proveme n t  in the 6 1 6A pe r fo rmance p r o
v id ed by t he s uppr e s s o r  f o r  v a r io u s  i n
t e r f e r e n c e  c ond i t ions . A r e po r t  on the 
d e s ig n  a nd pe r fo rmance c apa b i l i t i e s  o f  
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the i n te r fe r e n c e  s uppr e s s o r  w i l l  then be 
p r e pa r ed . 

RADC No i se S im u l a to r . The VLF/LF Atmo
sphe r i c No i se S im u l a t o r  was suppo r ted by 
the Rome A i r Dev e l o pment Center . The 
pr o j ec t ' s  obj ec t i v e  was to constr u c t  a nd 
t e s t  two atmosphe r ic rad io-no i s e  s im u l a
t o r s  based on the s im u l a to r s  d ev e l oped 
f o r  the Navy E l ec tr on i c  Labo r a to r y  Ce n
t e r . Th ey r eproduce s im u l a ted a tmo sphe r 
i c  r ad i o  n o ise a t  6 0  k H z . T h e  data f o r  
t h e  n o i se sim u l a t i o n  wa s r ec o r d ed d u r i ng 
t h und e r s torm ac t iv i ty a t  v a r i o u s  l o c a 
t i o n s  i n  t h e  W e s t e r n  Hem i sphe r e .  The 
s im u l ato r s  we r e  d e sc r ibed on pag e 7 2  o f  
the I T S  Annual Tech n i c a l  P r o g r e s s  Repo r t  
( 1 9 7 4 ) . Th ey a r e  to be used i n  the u . s .  
A i r  Fo r c e  6 1 6A t e s t  p r og r am . 

Time Doma i n  Objec t iv e  Me a s u r ements . A 
c ommon p r o c e d u r e  f o r  d e t e rm i n i ng the i n
t el l i g i b i l i ty o f  v o i c e  c ha nne l s  i s  to use 
a predetermi ned voc a b u l a r y  w i th s e l e c ted 
spe a ke r s  a nd a l i s tene r panel to g r ade 
s ub j e c t iv e l y  the i nt el l ig i b i l i ty a f te r  
the spo k e n  wo r d s  have passed through some 
v o i c e  c hannel . A v a r i ety of such t e s t i ng 
s c hemes has b ee n  dev ised . Mo s t  o f  the se 
sc hemes hav e the d e s i r ab l e  pr ope r ty o f  
p r oduc i ng repeatable r e su l ts wh i c h  c a n  b e  
i n t e r p r e t ed i n  t e rm s  o f  u s e r  r eq u i r e
m e n ts . Howev e r , the r eq u i r emen t f o r  l i s
tener panels g r e a t l y  r e str i c ts the u t i l 
i ty o f  the se t e s t i ng method s ,  a nd a long
sought goal  has been to r epl ac e t h e se 
l i s tener panel s wi th h a r d wa r e . Th e wo r k  
done o n  th i s  pr o j e c t  c ov e r ed one s tep i n  
the d i r e c t i o n  o f  r ea c h i ng that goal . 

Th i s  s tudy used a 5 0 -wo rd , phone t i c a l ly 
b a l a nced wo r d  l i s t  pl ayed thr o ug h s i x  
d i f f e r e n t  v o i c e  sys tems wi th a r a n g e  o t  
a r t i c u l a t io n  sc o r e s  f r om 6 4 . 7 %  to 9 5 % a s  
a d a ta base . A m a them a t i c a l  tec hni que 
c a l l ed Li nea r P r ed i c t iv e  Cod i ng ( LPC ) ,  
wh i c h  wa s o r ig i na l ly a ppl i ed to the a n a l 
y s i s  a nd synthe s i s  o f  v o i c e ,  wa s u sed 
here to d e r iv e  a d i s tance measur e for 
each wo rd b e tween the or ig i na l  und i s to r 
t e d  wo r d s  a nd t h e  wo r d s  a f te r  pa s s i ng 
t h r o ug h  a v o i c e  c hannel . Th i s  mea s u r e  
wa s c ompa r ed w i th t h e  sub j ec t i v e  sc o r i ng 
f o r  eac h  wo rd . Fo r tho se wo r d s  w i th a 
r a ng e o f  sub j ec t i v e  sc o r e s  ( %  i nc o r r ec t ) , 
the d i s tance m e a su r e  i s  a n  i nc r e a s i ng 
f u n c t io n  o f  the sub j ec t s c o r e s .  

A r epo r t to the FAA h a s  b een p r epa r ed a nd 
i s  unde r r ev i ew .  I t  s uppo r ts the su i t
ab i l i ty o f  u s i ng me a s u r e s  d e r ived f r om 
the LPC methodology f o r  a n  obj e c t i v e  
mea s u r ement o f  i n tel l ig i b i l i ty .  

Suppo r t  f o r  t h i s  pr o j e c t  c ame f r om bo th 
the FAA ( De pa r tment of Tr anspo r ta t i o n ) 
and OT/ I TS . 

S i mu l a t i o n  M e tho d o l2.9_y .  Th i s  prog ram wa s 
i n i t i a ted i n  e a r l y  FY7 5 f o r  the U . S .  Army 



T e s t  a nd Eva l u a t i o n  Command ( T EC OM ) a s  
o n e  p r i nc i pa l  p r epa r a t o r y  e f fo r t  f o r  the 
f o r thc om i ng eva lua t io n  of a d va nc ed c ombat 
s uppo r t  sys tem s .  The i n i t i a l  task c o n
c e r ned the method ology f o r  empl o y i ng com
p u t e r  s im u l a t ion in d ev e l opm en t  pha se 
t e s t  s uppo r t :  d e ta i l i ng the forms and 
m od e s  of employm e n t  f o r  the r e qu i r ed sce
n a r i o  a nd f u n c t i o na l  m od e l s ,  t e s t  d e s ig n  
a nd e x ec u t ion mon i to r i ng a ppl i c a t io n s ,  
a nd the p r oc ed u r e s  f o r  i n teg r a t i ng the 
s im u l a t io n  p r oc esse s wi th l ab o r a to r y  a nd 
f i eld m e a s u r ements a nd d eve lopment ag ency 
p e r f o r mance data t o  max im i ze c r ed i b i l i ty . 

T h e  sec ond m a j o r  t a s k  i nvolved t he d evel
o pm en t  of  an  i ni t i a l  c om p l em e n t  of  mod e l s  
( sc ena r io and s uppo r t i ng f u n c t i o na l  
e l em e n t s ) c on f i g u r ed t o  empha s i z e  t he 
e v a l u a t io n  o f  a d v a nced a i r  d e fense sys
t em s , w i th the SAM-D ( r ed e s i g na t ed as the 
PATR I OT s y s tem )  as the p r imary a ppl i ca
t io n . 

F o r  FY7 6 ,  the obj e c t i v e s  we r e  the c omple
t io n  o f  the scena r io a nd s u ppo r t i ng f unc
t io n a l  mod e l s , a nd the d eve l opm ent of 
a ppl i c a t i o n  m e thod ology d oc um e n t a t i o n  f o r  
the SAM-D s y s t em . Th e f u n c t io n a l  model s 
emph a s i zed the i n t e r a c t i v e  EM c omponents : 
phased - a r r a y  r ad a r , c ommand/g u idanc e  and 
u n i t  c ommun i c a t io n s ,  t r ac k e r  sys tem s , 
p r opag a t i o n  e f fec ts ,  a nd the f r iendly 
f o r c e  i n t e r f e r e nc e  ( E MC ) and EW envi ron
m e n t s . 

T h e  f u n c t ional mod e l  d e v e l o pm e n t  e f fo r ts 
c onc e r ned pr im a r i l y  the mul t i - f un c tional 
A r ray Rad a r  ( MFAR ) a nd the s i g na l  p r opa
g a t io n  mod e l s  ( SAMOFF ) .  

Model spe c i f i c a t i o n s  f o r  the MFAR had 
been d ev e l oped d u r i ng the p r e v i o u s  year . 
T h e  m a j or f u n c t i o n a l  e l em ents o f  the 
model were c om p l e t ed : s ig na l  detec t i o n  
a nd d i s c r im i na t io n ,  KALMAN f i l te r  ope r a
t io n , a nd c o n t r o l  f u n c t io n s . Th e se mod
e l s  a c commodate S/N a nd S/I ( S /J )  va r i a
t i on s  o f  the c ha r a c t e r  expec ted thr o ug h 
t he r a ng e  o f  time l i n e s  i n  the t ac t i c a l  
s c ena r io s  to b e  e x c e r c i sed . Th e se sce
n a r io s  i nc l ud e  BLUE a nd RE D f o r c e  d eploy
ments wi th spec i f i ed t im e  snapsho t s  f o r  
c odepl oyed BLUE u n i ts , a nd va r io u s  l ev e l s  
o f  RED t a r g e t  a nd E W  sys tem d e n s i t i e s . 
C r i t i c a l  r a d a r  time- l i n e  f u n c t i o n s  a c 
c ommo d a ted i nc l ud e  a c qu i s i t io n ,  I F F , 
t r ac k  i n i t i a t e  a nd tr a c k  l i ne dynam i c s , 
c omma nd/g u idance l i nk a c q u i s i t io n ,  c om
m a nd/g u i d a nce e r r o r  e nv e lope s ,  a nd en
g ag em e n t  a sse ssmen t .  

T h e  SAMOFF mod i f i c a t i o n s  c on c e r ned a n  ex
t e n s i o n  o f  the a r r a y  a pe r tur e phase d i s
t r i b u t ion mod u l e  to p r o v i d e  a t im e  a v e r 
a g e  phase d i s tr i b u t i o n  i n  the e l ev a t io n  
p l ane ove r t h e  a r r a y , a nd e s timates o f  
the r a ng e  o f  phase fl uc tua t i o n  spec tra 
w i t h i n  spec i f i ed time w i ndows . Th e se 
m od u l e s  a r e  impo r ta n t  i n  the f o r thc om i ng 
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r a d a r  sys tem t e s t  pl ann i ng ac tiv i t i e s ,  
p a r t i c u l a r l y  i n  i d e n t i fy i ng med i a - r e l a ted 
c omp r om i se s i n  the s i g na l  d i scr im i na t ion 
a nd ECCM f u n c t io n s  o f  the radar  a nd the 
r e l a t ed ope r a t io na l  pena l t i e s  in t a r g e t  
d e tec t i o n  a nd d i s c r im i na t i o n , t r ac k  l i ne 
and f i r i ng e nv e lope e r r o r s ,  c ommand e r r o r  
a n d  d e l a y  p r o f i l e s , a nd " k i l l "  impl i c a
t i o n s . The EMC a nd EW e nv i r o nment e f
f e c ts o n  r a d a r  p e r f o rmance a r e  a l so c om
pl i c a t e d  b ec au se o f  the f l u c tua t i o n  spec
t r a  c a u sed by t he r e f r ac t iv e  a nd r e f l ec
t iv e  pr opag a t ion mod e s . 

Th e se f u n c t i o n a l  mod e l s  a r e  o r g a n i zed to 
a cc ommodate t e s t  a nd eva l u a t i o n  suppo r t  
r eq u i r em en t s , s e n s i t i v i ty analyses i n  
ope r a t i o n a l  a nd f u n c t io n a l  r e l at io n sh i ps 
to i d en t i f y  f am i l i e s  of time- l i n e  c r i t i
cal z o ne s ,  a nd p r o v i d e  d e ta i l ed test spe
c i f i c a t i o n s  for labo r a to r y  a nd f i e ld 
m e a s u r em e n t s  to d evelop r a d a r  pe r fo r mance 
d e sc r ipto r s  w i th ope r a t i o n a l  r e l a t io n
sh ips . 

Th e Appl i c a t io n  Me thod ology a o c umenta t i o n  
d e ta i l s  p r o c ed u r e s  f o r  u t i l i z i ng the se 
s im u l a t i o n  techn i que s i n  De vel opment 
Phase t e s t i ng , wi th the emphas i s  o n  test 
p l anning s up po r t .  Th e processes of  i d en
t i f y i ng sys t em f un c t ional pr i o r i t i e s ,  i m
pac t i ng e nv i r o nmen ts , and doc tr i na l  im
p l i c a t i o n s  a re fundamen tal to the spe c i
f i c a t ion o f  t e s t i ng proced u r e s  a nd sys tem 
pe r fo rmance d a ta i n te r p r e t a t i o n  f o r  a 
c r e d i b l e  e v a l u a t io n  pr og ram . 

T h e se m od e l s  wi l l  be u t i l i zed f o r  the 
PATRIOT sys t em t e s t  pl anni ng a c t i v i t i e s  
w i th i n  TEC OM a g enc i e s . A b a s ic scena r io 
h a s  been se l ec ted wh i c h  i nc l ud e s  the r e
q u i r e d  r a ng e s  o f  engagement dynam ic s .  
F u n c t i o n a l  s e ns i ti v i ty a na l y s e s  to d e r iv e  
e nv i r onm ents a t  t h e  c r i t i c al t im e- l i ne 
eve n ts , a n d  the i n i t i a l  pe r f o rmance
d o c tr i ne d e sc r i ptor s a s  i nputs f o r  sub
seque n t  m e a sur emen t spec i f i c a t i o n s  to 
TECOM l abo r a to r y  a nd f i eld t e s t  fac i l i
t i e s  w i l l  b e  under ta ken . 

L i ne-Q_f-S ig_ht ( LOS ) H a ndbook Ad d i t i o n s . 
De f e nse Commu n i c a t io n  System s  r equ L r e  
s ta nd a r d i ze d  d e s i g n  c r i te r i a  f o r  world
wide s t r a teg i c  ( f i x ed )  t e r r e s t r i a l  c ommu
n i c a t i o n  sys t em s  that a r e  used for Na
t ional De f e n se obj e c t iv e s . OT/ITS wa s 
t a s ked i n  FY71 t h r o ug h  the Ai r Fo r c e  Com
mun i c a t io n s  S e r v i c e  to prepa r e  h a ndboo k s  
f o r  d e s i g n  a nd pe r f o rmance e s t i m a t i o n  ap
p l i c a b l e  to l i ne-o f- s i g h t  a nd t r a n sho
r i zo n  m i c r owav e  l i nks . Pr i nt-r eady manu
s c r ipts we r e  del ive red to the sponsor 
p r e v i o u s l y ; the FY 7 6  p r o j e c t  was con
c e r ned only w i th add i t ions a nd r e v i s i o n s  
t o  t h e  ha ndbooks r e sul t i ng f r om t r i 
s e r v i c e  r ev i ew o f  the m a te r i a l . 

Th e obj e c t i v e  o f  th i s  p r o j e c t  wa s to p r o
v i d e  r ev i s io n s  to the d ra f ts o f  M I L-H DBK-
4 1 6  ( L i ne-o f- s i g h t  m i c r owave sys tem s )  a nd 



M I L-HDBK-4 1 7  ( T r a n sho r i zo n  m i c r owave sys
t em s )  i nc l u d i ng an addend um to 11! 1-HDBK-
4 1 6  on k n i fe-edge d i f f r a c t i o n  c a l c u l a
t io n s .  

The r ev i s i o n s  a nd the add end um we r e  c om
p l e ted a nd s uppl i ed to the spo n so r  i n  
Oc tober 1 9 7 5 .  

I t  i s  expec ted that the r e su l ts o f  the 
e n t i r e  p r og r am w i l l  be a t ec h n i c a l ly c om
p l e t e  se t o f  two handbo o k s f o r  use by 
m i l i ta r y  ag enc i es in d e s ig n  o f  a nd pe r
f o rm a n c e  e s ti m a t i o n  f o r  f i x ed t e r r e s tr i a l  
m i c r owa v e  c ommu n i c a t i o n  s y s tems . Publi
c a t io n  o f  this  m a te r i a l  is  a t  the d i sc re
t i o n  of m i l i tary a ut ho r i t i e s .  

T h e  p r og r am i s  c omp l eted , a nd n o  fur the r 
OT/ I TS ac t i v i t i e s  a r e  expec ted . 

T e l ecommun i c a t io n s  G l o s s a ry . Commu n i c a
t io n s  among m i l i ta ry pe r so n n e l , a nd b e
twe e n  m i l i ta r y  a nd c iv i l  o r g a n i za t i o n s , 
a r e  impr oved i f  a m u t ua l l y  unde r s to od 
l anguag e i s  employed . M i l i ta r y  s t a nd
a rd s , spec i f i c at i o n s , c on t r ac ts , o pe r a t
i ng manua l s , e tc . n e ed a c ommon termi nol
ogy for cor r e c t  i n te rpr e t a t io n .  

The immed i a te obj e c t i v e  of t h i s  p r o j e c t  
wa s t o  d evelop a c ommon g l o s s a r y  f o r  the 
M I L-STD-1 8 8  se r i e s ,  r e l a t i ng to Common 
Long Haul and Ta c t i c a l  Commu n i c a t i o n s  
S y s tems Te c h n i c a l  S t a nd a rd s . T h e r e  had 
been p r e v i o u s  wo r k  in t h i s  f i eld for the 
m i l i ta ry e s ta b l i s hmen t ;  the ITS e f fo r t 
was i n  c omp l e t i ng the g l o s sa r y  ( ba sed on 
the p r e v i o u s  wo r k ) ,  p r e pa r i ng d e f i n i t i o n s  
f o r  p r e v i ou s l y  und e f i ned t e rm s , and r e 
v i s i ng d e fi n i t i o n s  f o r  c l a r i ty ,  c onc i s e
n e s s , a nd to r e f l ec t  c u r r e n t  usag e .  

Dur i ng FY7 6 ,  c omme n t s  o n  a n  i n i t i a l  d r a f t  
we r e  c on so l i d a t ed , a n  i n te r im d r a f t  was 
p r e pa r ed , a nd two coord i na t io n  mee t i n g s  
were h e l d  a t  Bo u l d e r  w i th r e p r e se n ta t i v e s  
o f  m i l i ta r y  a g e nc i e s .  A f i na l  d ra f t  wa s 
p r e pa r ed a nd a pho to-c ompo sed pr i nt-r eady 
c opy f u r n i shed to the spo n s o r  in o r d e r  to 
c omp l e t e  the wo r k .  Th i s  f i na l  v e r s i o n  
f o rm s  t h e  b a s i s  f o r  o ther wo r k  o n  the 
Fed e r a l  G l o s s a r y  ( de s c r i bed below ) , a nd 
w i l l  be p r i n ted f o r  d i s tr i b u t i o n  a s  a 
M i l i ta r y  S t a nd a rd . Th e spo n s o r  plans to 
r ev i s e  t h e  g lo s s a r y  p e r i od i c al l y  so t h a t  
i t  w i l l  r e f l ec t  the l a t e s t  t ec h n o l og i c al 
d ev e l o pm en t s  i n  m i l i ta r y  c ommuni c at io n s  
a s  we l l  a s  c u r r e n t  usa g e  i n  e ng i nee r i ng 
l i t e r a t ur e .  

Compu t e r - s to r ed wo rd p r o c e s s i ng has been 
u sed i n  pr epa ra t i o n  o f  the g l o s sa r y , so 
that r e v i s io n s ,  i n se r t i o n s , d e l e t i o n s , 
e tc . c a n  be accompl i shed w i t h  a m i nimum 
o f  r e typ i n g  i f  a nd when f u r the r e f fo r ts 
a r e  r e q u i r ed by the spo n so r . 

Fed e r a l  Commu n i c a t i o n s  G l o s sa r y .  S i m i 
l a r l y  a common r e fe re nc e  l i s t  of c ommu-
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n i c a t i o n s  terms a nd d e f i n i t io n s  i s  needed 
t o  s e r v e  a s  a n  a i d  i n  i nt e r p r e t i ng Fed
e r a l  c ommu n i c a t i o n s  s tanda rd s ;  d e s i g n i ng , 
d evelopi ng , o pe r a t i ng , a nd m a i n t a i n i ng 
Fed e r a l  c ommun i c at io n s  s y s tem s ; a nd e n
h a n c i ng commun i c a t i o n s  among p e r s o n s  i n  
the Fed e r a l  c ommun i ty .  Th i s  Fed e r a l  
g lo s sa r y  m u s t  be c on s i s te n t  w i th i n t e r na
t io na l ,  n a t i o na l , d epa r tm e n ta l , i nd us
t r i a l , a nd techn i c al soc i e t y  s tanda rd s .  

The immed i a t e  o bj e c tive o f  t h i s  p r o j e c t  
i s  t o  p r epa r e  a d r a f t  Fed e r a l  S ta nd a r d  o n  
Te l ec ommu n i c a t io n s  Terms a nd De f i ni t i on s .  
To r ed u c e  the c o s t  o f  t h i s  e f f o r t  a nd 
a v o i d  dupl i c a t i o n  o f  e f f o r t ,  i t  was d e
c id ed by the FTSC ( Fe d e r a l  Te l ecommu n i c a
t io n s  S t a nd a r d s  Commi ttee ) that the d r a f t  
Fed e r a l  g l o s s a r y  wo uld b e  b a s e d  upo n the 
f i na l  v e r s io n  of a M I L-S TD g l o s s a r y  w h i c h  
w a s  i n  the p r o c e s s  o f  r e v i s io n  by ITS 
( s ee abov e ) . Th e M I L-S TD g lo s s a r y ,  c on
s i s t i ng o f  a bout 1 3 0 0  d e f i ned terms , was 
r ev i e wed by ITS for c on s i s tency w i th per
t i ne n t  n a t io na l  a nd i nt e r n a t i o n a l  s ta nd 
a rd s .  A supplementary l i s t  o f  2 0 0  t e r m s  
was se l ec ted by ITS f r om Fed e r a l  s t a nd
d a rd s a nd va r io u s  o the r n a t i o na l  a nd i n
t e r na t io n a l  c ommun i c a t i o n s  d o c ume n t s . 
De f i n i t io n s  w e r e  pr epa r ed f o r  the se 
t e rm s , a nd the c ompl e t ed Fed e r a l  s uppl e
ment f u r n i s hed to NC S ( N a t i o n a l  Communi
c a t i o n s  Sys tem ) f o r  use w i th the f i na l  
d r a f t  v e r s io n  o f  the MI L-S TD g l o ss a r y  i n  
r ev i ews b y  Fed e r a l  agenc i e s .  

A f t e r  the r ev i ew o f  the se d o c uments by 
Fed e r a l  ag e nc i e s , r ev i s io n s  a nd add i t io n s  
w i l l  b e  made a s  r ec omme nd ed by t h e  v a r i 
o u s  a g e nc i e s , a nd a c on so l i d a ted Fed e r a l  
g l o ss a r y  w i l l  be prepa r ed . 

The av a i l ab i l i ty o f  the c ompu t e r - s t o r ed 
t e x t  o f  the m i l i tary s tandard w i l l  ma k e  
po s s i b l e  a n  e nl a rged ( Fe d e r a l ) g l o s s a r y  
a t  r e l a t iv e l y  l ow c o s t .  

I RAC-TSC S ta nd a r d s  Wo r k i n� G r o ue S uppo r t .  
I TS p r o v i d e s  the c ha i rman a nd s ec r e t a r i a l  
s uppo r t  fo r the S t a nd a r d s  Wo r k i ng Gr oup 
( S WG ) o f  the Te chn i c a l  Subcomm i t tee o f  
the I n t e r d epa r tment Rad i o  Adv i so r y  Com
m i ttee . Th e SWG c on s i s ts o f  r ep r e s e n ta
t i v e s  of the sev e r a l  IRAC member a g en c i e s  
a nd i s  r e spo n s i b l e  fo r the d ev e lopm e n t  o f  
spec tr um management s ta nd a r d s  r eq u i r e d  t o  
a s s u r e  c omp l ia nce w i th the r eg u l a to r y  
f unc t i o n s  o f  g ove r nm e n t  spec tr um a l l o c a
t i o n s .  

Dur i ng FY7 6 ,  ITS convened a wo r K i ng P a r t y  
a nd l ed t h e  d evelopm e n t  o f  a s tandard f o r  
F i xed M i c r owave S e r v i c e s  ope r a t i ng w i th i n  
the O . S . A .  be twe e n  1 7 0  MHz a nd 1 5 . 3 5 GHz . 
The t ec hn i c a l  c o n tr ibut i o n  c o n s i s ted o f  
d evelopi ng a " s tr awma n "  s t a nd a rd based o n  
m i l i ta r y  spec i f i c a t i o n s ,  FCC r ul e s  and 
o r d e r s ,  i nd us tr ial s t a nd a r d s ,  a nd the ITS 
ex t e n s i v e  expe r i ence in th i s  f i el d . The 
r e sul tant s ta ndard is c u r r e n tly und e r go-



i ng a g ency 
ance o f  the 
I RAC . ITS 
ommenda t i o n s  
needed to 
s ta nda rd . 

coord i na t i o n  under the g u i d
Te c hn i c a l  S u b c ommi t tee o f  

i s  c ur r e n tl y  d e v e l o p i ng r ec
fo r m e a s u r em e n t  pr o c ed u r e s  

a s s u r e c omp l i a nce w i th t h i s  

Law E n f o r c ement S t a nd a r d s  La bo r a tO£Y {LES L )  S t anda rd s .  Fo l l ow i ng a Cong r e s
s ional mand a t e  to d ev e l o p  new a nd im
p r oved t ec hn ique s ,  s y s tem s , a nd equi pment 
to s tr e ng then l aw e n f o r c em e n t  and c r imi
n a l  j u s t i c e , the Na t i o na l  I n s ti t ut e  o f  
Law En f o r c ement a nd Cr im i na l  J u s t i c e  
( N I LECJ ) h a s  e s ta b l i shed t he La w E n f o r c e
m e n t  Standards La bo r a t o r y  ( LE S L )  a t  the 
Na t i onal B u r e a u  o f  S t a nd a r d s . LES L ' s  
f unc t io n  i s  to cond u c t r e sea r ch t h a t  w i l l  
a s s i s t  l aw e n fo r c ement a nd c r iminal j u s
t i c e  ag enc i e s  i n  the s e l ec t io n  a nd pr o
c u r ement of q ua l i ty e qu i pmen t .  Ou tputs 
f r om th i s  wo r k  a r e u s ua l l y i n  the fo rm of 
pe r fo rmanc e s tand a r d s ,  u se r  g u i d el i ne s ,  
a nd s ta t e- o f- the- a r t  r e po r ts .  

T h i s  pr oj e c t  i s  to d ev e l o p  pe r fo rmance 
s ta nd a r d s  on se l ec t iv e- c a l l i ng a nd tone
c od e d  sque l c h  sys tem s fo r p o l i c e  c ommu
n i c at io n s  e q u i pm en t .  A v a r i ety o f  s ta nd
a rd s  have been p r ep a r ed by LES L  in pr e
v i o u s  ye a r s  fo r  b a se , s ta t i o n , mob i l e ,  a nd 
pe r sona l/po r ta b l e  c ommun i c a t i on s  e q u i p
m en t .  S i nce a maj o r i ty o f  e x i s t i ng l a w  
e nfo r cem en t  c ommu n i c a t i o n s  sys tems u se 
some f o r m  o f  se l ec t iv e  s i g na l i ng o r  tone 
c on tr o l led squelch to m i nim i ze a nnoy i ng 
i n t e r f e r e nc e  a nd p r o v i d e  a va r i e ty o f  
a l e r t i ng s y s t em s , a s ta nd a r d  fo r s e l ec
t iv e  s i g na l i ng is needed to a ugment the 
e x i s t i ng LESL s tandard s .  

The o bj e c t i v e s  o f  
d ev e l o p  pe r fo rmance 
f o l lowi ng sys tems : 

t h i s  p r o j e c t  a r e  to 
s ta nd a r d s  o n  the 

1 .  Se l ec t iv e- s ig n a l i ng sys tem s  us
i ng bur st a nd seque n t i a l  tone s a bove 3 0 0  
H z . 

2 .  Tone- c o n tr o l l ed s q u e l c h  sys tems 
u s i ng tones b e l o w  3 0 0  H z .  

T h e se stand a r d s  a r e need ed 
tho se p r ev io u s l y  devel oped 
m i t t e r s a nd r e c e i v e r s .  

to augment 
f o r  tr a ns-

D e t a i l ed tests have been p e r f o r med on 
c omme r c i a l  se lec t i v e- s i g na l i ng encod e r s  
a nd decod e r s  a nd on tone- c o n t r o l l ed 
sq u e l c h  sys tems . These t e s t s  we r e  per
f o rmed to e s tabl i s h  expec ted pe r f o r ma nc e  
i nf o rma t i o n  a nd to d ev e l o p  a ppr opr i a t e  
m ea s u r ement tec hn iq ue s .  S ta nda r d s  a r e 
now b e i ng wr i t ten . The i r  d e v e l opm ent i s  
the r e sul t o f  a number o f  c on s i d e r a t i o n s  
s u c h  a s :  

1 .  r e sul ts o f  the l abo r a t o r y  meas
u r ements 
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2 .  

3 .  

4 .  

5 .  

p r e s e n t  and propo s ed i nd u s t r y  
s ta nd a r d s  
e q u i pment c ompa t i b i l i ty r e
q u i r ements 
needs f o r  e f f i c i en t  l a w  e n
f o r c emen t ope r a t i o n s  
t h e  s t a te o f  t h e  a r t  i n  equ io
m e n t  d ev e lopmen t .  

The proj e c t  i s  a new one , a nd the s t a nd
a rd s  wh i c h  h av e  b ee n  o u t l ined a r e  not 
f i ni shed . Th e i r  compl e t i o n  a nd use is  
expe c t ed to have a s i g ni f i c an t  impac t on 
s tr eng the n i ng l aw e n f o r c ement a nd c r imi
nal j u s t i c e . 

S E C T I ON 2 . 5 .  FIBER OPT I C  
C OMMUN ICATIONS 

The fo l lowi ng pr oj ects r e sul t f r om the 
v e r y  r ap i d  eme r g e nce of a new tec hnology: 
f i b e r  opt i c s  i nv o l v i ng l ow-l o s s , d i el ec
t r i c waveg u i d e s , which prom i s es t o  per
meate t e r r e s t r i al c ommu n i c a t i o n  s y s t em s  
i n  a manne r s im i l a r  t o  t h e  g r owth o f  
t r a n s i s t o r  a nd sol id-state d ev i c e s  wh i c h  
o c c u r r ed d u r ing t h e  decade o f  the 1 9 6 0 ' s .  

F i b e r  Opt i c  C ommun i c at i o n s . OT ' s  m i s s io n  
s ta tement spec i f i e s OT ' s  r o l e  a s  
" as s i s t i ng the Depa r tment o f  Comme r c e  i n  
f o s te r i ng , s e r v i ng , a nd pr omo t i ng the na
t io n ' s  e c o nom l c  development a nd t ec hn o
l og ic a l  advanc ement by i mp r o v i ng ma n ' s  
c ompr e he n s i o n  o f  tel ecommuni c a t i o n  sc i
ence a nd by a s s u r ing e f fec tive use a nd 
g r owth o f  t he n a t i o n ' s  tel ecommu n i c a t i o n  
r e so u r c e s . "  O T  i s  spec i f i c a l ly c h a r g ed 
w i th acqu i r ing , a na ly z i ng , synthe s i z i ng ,  
a nd d i ssem i na t i ng i nforma t i o n  f o r  the 
e f f i c i en t  use of the na t i o n ' s  t e l ecommu
n i c at io n  r e s o u r c e s . OT i s  a l so c h a r g ed 
w i t h  a ss i s t i ng o the r g ov e r nm e n t  ag enc i e s  
i n  the u se o f  t e l ec ommun i c at i o n s . 

OT ' s  r o l e  i n  t h i s  new t ec hnology i s  a 
r o l e  wh i c h  f i t s p r ope r l y  i n to the Depa r t
m e n t  o f  Comme r c e  wo r k  a s  d e f i ned by the 
Depa r tmen t ' s c ha r te r . 

I n  many ways , OT ' s  r o l e  i s  the r o l e  o f  a 
c a t a l y s t  i n  the emerg i ng technology o f  
opt i c al c ommun i c a t i o n s .  

O T  i s  a d d i t i o na l ly r e spo n s i b l e  f o r  c on
d u c t i ng r e se a r c h  needed i n  the e v a l u a t i o n  
a nd developm e n t  o f  t e l ec ommun i c a t io n  pol
icy as r eq u i r e d  by OTP , pur suant to Exec
u t i v e  Or d e r  1 1 5 5 6 . OTP must keep a b r e a s t  
o f  t h i s  n e w  t ec hnology , so that l eg i s l a
t io n  a nd OTP po l i cy a r e  based on up- to
d a t e  i n fo r m a t ion i n  th i s  r ap i d l y  evolv i ng 
f i el d . 

OT/ I T S  has e s ta b l i shed a Ta s k  Fo r c e  on 
Op t i c a l  Commu n i c a t i o n s  to b r i ng togethe r 
the techn i c a l  wo r k e r s  i n  the f i eld a s  
w e l l a s  po t e n t i a l  u se r s  f r om g o v e r nment 
a nd i nd u s t r y , a nd to expl o r e  the a ppl i c a-



t io n s  a nd 
technolog y 

advan tag e s  o f  the eme rg i ng 
o f  o p t i c a l  c ommu n i c a t i o n . 

The Ta s k  Fo r c e  wo r k  h a s  b ee n  we l l  re
c e i v ed a nd the mee t i ng s  we l l  a t tended by 
r ep r e se n tat i ve s  f r om i nd u s t r i e s  s uc h  as 
GTE S y l va n i a ,  Te x a s  I n s tr um e n t s , Spec
t r on i c s ,  Hughe s ,  I TT , Be l l  Labs , Xerox , 
a nd f r om u n i v e r s i t i e s  s u c h  a s  the U n i v e r 
s i ty o f  Co l o r ad o , the U n i v e r s i ty o f  Ca l i
f o r n i a  ( Be r k e l ey ) , M IT ,  a nd f r om g o v e r n
m e n t  agenc i e s  suc h a s  OT , OTP , H EW , USPS , 
NB S ,  DoD ,  a nd o the r s .  Cu r r ently the 
m a i l i ng l i s t  of peop l e  who hav e r eques ted 
to r ec eive mater i a l s  s u c h  a s  s umma r y  
r ec o r d s  o f  t h e  me e t i ng s  i s  a b o u t  1 2 5  w i th 
o n l y  m i no r  ove r l aps w i t h i n  a ny c ompa ny o r  
a g e nc y . 

I n  add i t ion to the Ta s k  Fo r c e , OT a c t i v i 
t i e s  i n  opt i c a l  c ommu n i c a t i o n s  i nc l ud e  a 
s ho r t  cour se o n  f i b e r  opt i c s  wh i c h  i s  
h e l d  i n  Bo u l d e r  each s umme r coope r a t ively 
w i th the Un i ve r s i ty of  Col o r a d o ; p r e se n
t a t i o n  of pape r s  a nd sem i na r s ;  spec i f i 
c a t i o n , i n s t a l l a t io n ,  t e s t ,  a nd d emon
s t r a t io n  o f  a f i b e r  d a t a  l i n k ; a nd ac
ceptance by o ne o f  o ur ITS s ta f f  member s 
o f  a n  i nv i tation to b ec om e  a ss o c i a t e  
ed i to r  o f  t h e  n e w  I n t e r na t i o n a l  Jo u r na l  
o f  F i b e r  a nd I n t eg r a ted Op t i c s .  

ITS s ta f f  memb e r s  p l a n ned two s e ss ions 
for  US-URS I  Meet i ng s  on I n teg r a ted Fiber 
Op t i c s ;  a l so at URS I ,  one s t a f f  member 
p r e se nted a t a l k  r e l a t i ng to d e s i g n  con
s id e r a t i o n s  for opt i c a l  s ys t ems ; c u r r e n t  
p l a n n i ng i s  underway f o r  a 1 9 7 6  URS I  
spec i a l  se s s i o n  o n  opt i c a l  c ommu n i c a
t i o n s ; a nd sev e r a l  s ta f f  m em b e r s  p a r ti
c i pated i n  the 1 9 7 5  E u r ope a n  C o n f e r e n c e  
o n  Op t i c a l  Commun i c a t i o n s  a nd a l so the 
W o r l d  Te l ecommu n i c a t io n s  Fo r um ( Ge neva ) . 
I TS p e r sonnel a l so p r e se n ted pape r s  a t  
the 1 9 7 5  E l ec t r o n i c s/ I n te r na t ional La s e r  
C o n f e rence . 

Ano the r output f o r  FY 7 6  w a s  a p i l o t  
s t ud y : " F i b e r  Op t i c al Commu n i c a t io n s "  
w h i c h  wa s a c o n tr i b u t i o n  to the Indus
t r ial Sector Ad v i so r y  Comm i ttee on Commu
n i c a t ion Eq u i pment a nd Non-C o n sumer E l e c
t r o n i c s  Eq u i pm en t .  Th i s  s tud y was a l so 
p r e se n ted o r a l ly a nd i n  summa ry f o rm to 
emph a s i z e  a r eas of po ten t i a l  conc e r n  to 
the U . S .  p o s i t i o n  i n  the 1 9 7 5 -1 9 8 0  GATT 
n eg o t i a t i o n s .  

F ig�r e 2 - 2 2  shows a d i ag r arnrna t i c a l  r ep
r e se n ta t i o n  o f  the Op t i c a l  Commu n i c a t i o n s  
e f fo r t a s  pe r ce ived i n  o u r  f i v e- ye a r  
p l a n .  

I n  the new t e l ec ommun i c a t i o n s  techn olo
g i e s  for wh i c h  the f i b e r  opt i cal wave
g u id e  i s  o f fe r ed a s  a potent i a l l y a t trac
t iv e  i n fo r rn a t ior. t r a n sm i s s io n  g u i d e , 
the re have b ee n  i nnum e r a b l e  r eque sts to 
OT to p r o v i d e  c ompa r i son d a t a  a nd i n f o r
m a t i o n  between the n ew o p t i c al f i ber sys-
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terns a nd the more c onv e n t io na l  t r a n sm i s
s io n  technolog i e s . Re que s t s  a r e  f o r  com
p a r i so n s  o f  ove r a l l  t ec hn i c a l  pe r f o rm
a nc e , m a i n tenanc e , a nd r e l iab i l i ty to 
m e e t  spec i f i c  tel ecommun i c a t io n  sys tem 
n e e d s  o f  po ten t i a l  use r s  i n  DoD ,  non
d e fense a g e nc i e s ,  a nd i nd u s t r i a l  t e l ec om
m u n i c a t i o n  u se r s . In pa r t i c ul a r , c o s t  
a nd ec onom i c  f a c t o r s  m u s t  b e c ome a v a i l
a b l e  for compa r isons of c ompe t i ng sys
t em s . 

An OT Re po r t ,  " Te l ecommu n i c a t i o n  a l t e r na
t iv e s  w i th empha s i s  o n  o p t i c a l  waveg u i d e  
sys tems , "  ( OT Repo r t  7 5 - 7 2 ) wa s p r epa r ed 
a nd pub l i shed i n  Oc tober 1 9 7 5  to p r o v i d e  
p e r spec t i v e  i n  t h e  ev a l ua t i o n  o f  f i b e r  
o p t i c al t r a n sm i s s io n  f o r  t e l ec ommu n i c a
t io n s  i n  the near f u t ur e .  Th i s  r e po r t 
c ompa r e s  v a r i o u s  mod e r n  c ommun i c a t i o n  
sys tems w i th p a r t i c u l a r  emphas i s  o n  op
t i c a l  waveg u i d e  system s . A matr i x  o f  
m a r k e t i ng p a r am e t e r s  w a s  d ev e l o pe d  to 
c ompa r e  f i ber opt i c  t r a n sm i s s io n  technol
og i e s , m i c r owave r ad i o , wa v eg u i d e , s a t e l 
l i te , a nd twi s ted pa i r s  a g a i n s t  s u c h  f a c 
to r s  a s  s ta t e  o f  the t e c h n o l ogy , m a i n
t a i na b i l i ty ,  c o nven i e n c e , EMI i mmun i ty ,  
c o s t  t r ad e-o f f s , a nd o th e r  e c o n om i c  fac
t o r s .  

Th e r epo r t  a l so d i s c u s s e s the t r e nd s  i n  
Do D a nd i n  the tel epho n e  i nd u s tr y  o f  d ig 
i ta l  c ommun i c a t i o n s  a nd t h e  manner i n  
w h i c h  i n c r e a s i ng d a t a  r a t e s  m a y  t a x  e x
i s t i ng t r a nsm i s s io n  sys tem s .  The i nt e n t  
o f  t h e  r epo r t  i s  to g i v e  g u id a n c e  f o r  
g o v e r nm e n t  a nd i ndus tr i a l  p l a n ne r s  i n  
p ut t i ng the new technology o f  f i b e r  opt i c  
c ommu n i c a t io n s  i n  prope r p e r spec t i v e  i n  
t h e  pl a n n i ng a nd d e s i g n i ng o f  n ew tel
e commun i c a t i o n  sys tems . 

T h e r e  i s  a g r ow i ng i nt e r e s t  i n  t he use o f  
opt i c a l  wav eg u id e s  t o  i n te r con nec t sever
al s ta t i o n s  via a pa r ty - l i ne d a ta b u s . 
S u c h  a d a t a  b u s  w i l l  a l low d i s t r i but i o n  
o f  d a t a  t o  seve r a l  s t a t i o n s  u s i ng a s i n
g l e  t r a n sm i s s io n  nod e . 

I n  a r e po r t ,  " Appl i c a t i o n  o f  the S t e i ne r  
S t r e e t  p r o b l em t o  a more eco nom i c a l  d a t a  
bus , "  w h i c h  i s  nea r l y  r eady f o r  ed i to r i a l  
r ev i ew ,  t h r e e  fundamental a pp r oac he s  to 
the topo logy o f  a d a ta bus n e two r k  a r e  
d i s c u s sed . The d a t a  b u s  c a l l s  f o r  the 
i n ter connec t i o n  of N t e r m i n a l s ,  e a c h  o f  
wh i c h  i s  c on nec ted to e v e r y  o t h e r  termi
nal . S u c h  a data bus w i l l  a l low d i s t r i 
b u t i o n  o f  d a t a  to several  s t a t i o n s  u s i ng 
a s i ng l e  t r a n sm i s s io n  l i ne . 

The r e po r t  d i scusse s t h r e e  fundamental 
a ppr oac he s  to the topo logy of the n e t
wo r k :  the tee netwo r k , t he star n e two r k ,  
a nd the S t e i ne r  m i n im a l  t r e e  n e two r k  
( S t e i ne r  d evel oped t h i s  n e t wo r k  i n  the 
1 9 th c e n t u r y  f o r  s tr e e t c a r  l i n e s  in a 
c i ty ) . The tee a nd s ta r  a ppr oache s a r e 
r ec e i v i ng mo s t  a t t e n t i o n  i n  the l i te ra-
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t ur e ,  b u t  the S t e i n e r  m i nimal t r e e  n e t
wo r k  i s  the only one wh i c h  e c o n om i ze s  o n  
t h e  u se o f  c ab l e  ( g l a s s  f i ber waveg u i d e ) . 
The r e po r t  exami n e s  a me thod o f  locat i ng 
the S t e i ne r  nod e s  s u c h  that the t o t a l  
amo u n t  of c able i s  m i n im i z ed . 

Opt i c al F ib e r  Commu n i c a t i o n s  H a ndboo k .  
I TS s e r v e s  a s  techn i c a l  advi s o r  a nd con
s u l tant to the Army Commu n i c a t i o n s  Com
m a nd i n  the eme r g i ng tec hnol o g i cal f i eld 
of f i ber opt i c  c ommun i c a t io n s .  I n  th i s  
r o l e ,  we have p r e v i o u s l y  w r i t te n  two 
techn i ca l  r e po r t s , one on opt i c a l  f i b e r  
l i n k s  f o r  telecommu n i c a t io n s ,  a nd the 
o the r on d e s i g n  c u r v e s  f o r  o p t i cal wave
g u i d e  d i g i ta l  c omm u n i c a t i o n  s ys tems wh i c h  
w e r e  pub l i shed by t h e  spo n so r . Du r i ng 
FY7 6 ,  we c ompl eted the wr i t i ng ,  r eview , 
a nd pub l i c a t i on o f  OTR 7 6 - 8 3 , " A  User ' s  
Ma nual  f o r  Op t i c al Waveg u i d e  Commun i c a
t io n s . "  Th i s  r e po r t ,  wh ich wa s wr i tten 
unde r c o n t r a c t  for the mi l i ta r y , expl a i n s  
t ec hn i cal a spec ts o f  opt i c al c ommuni
cations w i th a v i ew to a s s i s ti ng the 
e ng i ne e r  u s i ng suc h c ommun i c a t i o n  sys
t em s .  The explana t i o ns i nc l ud e g e n e r a l  
a spec t s  suc h a s  a g l o s sa r y  o f  r e l a ted 
t e rms a nd a d i s c u s s i o n  of r e l ev a n t  pr i n
c i pl e s  o f  phys i c s .  Tec h n i c a l  d e t a i l s  a r e  
s e t  fo r th o n  opt i c a l  so u r c e s  a nd the i r  
a l t e r na t iv e s ,  opt i c a l  d e t ec t i o n , the 
t r a n sm i s s io n  med i um ,  mod u l at i o n , m u l t i 
p l ex i ng , a nd sys tems d e s ig n  c o n c epts a nd 
t r a d e- o f f s  i n  d e s ig n .  Th e r e po r t  wa s 
w r i tten to a s s i s t  the c ommun i c a t io n s  e n
g i nee r i n  ma k i ng the t r a n s i t i o n  f r om the 
c onventional ( r f )  to the opt i c a l  r eg ime . 

C ommu n i c a t i o n  Sys tems C o n s u l ta t io n .  Th e 
a n t i c i pa t ed tec h n i c al adva ntag e s  opt i
c al waveg u ide c ommu n i c a t i o n s  sys tems a r e  
r ec e i v i ng w i d e  p r e s s . W i th i nc r eased em
pha s i s  on d ig i t a l  tec hn i que s ,  the b a nd
w i d th o f fe r ed by such sys tem s  is an im
por tant c o n s id e r a t i o n  in new a nd planned 
t e l ec ommu n i c a t i o n  n e two r k s .  As the op
t i c a l  technology d ev el ops , t h e r e  seems to 
b e  a fo r tu i to u s  r ed u c t i o n  in the c o s t  o f  
k ey c omponents , so that o n e  c a n  expec t 
the happy c o i nc id e n c e  o f  a n  impr oved 
t ec hnology at a n  ec onom i c a l l y  c ompe t i t i v e  
p r i c e .  

The u se o f  opt i c a l  f i b e r  waveg u id e s  i n  
long-haul sys tems wi l l  c a l l  t o  que stion 
the cost of  p r o v i d i ng powe r to supply the 
r epea t e r s . Th i s  is an e spec i a l l y  i n
t r ig u i ng q ue s t i o n  i n  s ubma r i ne sys tems 
f o r  which , t r ad i t i o na l l y ,  the same c ab l e  
i s  u sed t o  t r a n sm i t  bo th t h e  s ig na l  a nd 
powe r . Th i s  is po s s i b l e  when the c ab l e  
i s  m a d e  o f  c o nduc t i ng ma te r ial . I n  the 
c a se of g l ass f i ber wavegu id e s ,  there a r e  
no c o nd uc t i ng str ands a nd powe r feed b e
c ome s more d i f f i cul t .  I n  th i s  c ase , the 
opt i o n s  a r e  l im i ted . F i r s t ,  one could 
i nse r t  c onduc t i ng s t r a nd s  f o r  the expr e s s  
purpo se o f  p r o v i d i ng powe r o r , second , 
one c ou l d  place a s e l f - c o n t a i ned powe r 
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s upply a t  each r e pe a t e r . One powe r sup
ply b e i ng considered for th i s  u se is c ur 
r e n t l y  und e r  d ev e lopment a nd i s  expec ted 
to produce abo u t  1/2 wa t t  and to c o s t  
a b o u t  $ 1 5 , 0 0 0 . A k ey que s t io n ,  the n ,  i n
v o lves the econom i c s  o f  s u c h  a po wer sup
ply as oppo sed to the use of spec i a l  c o n
d uc t i ng s t r a nd s  for  the pur po se o f  p r o
v i d i ng powe r . 

The adva n tag e s ,  d i sadvantag e s , a nd eco
nom i c s  o f  the two sc hem e s  we r e  d i sc u ssed 
a nd d evel oped in a r epo r t  for NAVE LEX ( i n 
ed i to r i a l  r e v i e w )  by R .  L .  Ga l l awa " On 
the Econom i e s  o f  Power Feed f o r  S ubme r g ed 
Op t i c al Repe a t e r s . "  



C HAPT ER 3 .  T RADE A ND 
INTERNAT I ONA L ORGANIZ ATIONS 

In t h i s  c h a pt e r  we look at a spec ts of the 
w o r k  o f  ITS w h i c h  a r e  pa r t i c u l a r l y  d i 
r ec ted towa r d s  r e l a t io n s  w i th o the r c o un
t r i e s . Th u s , i n  sec t i o n  3 . 1 ,  we d i s c u s s  
wo r k  h av i ng to d o  w i th e c on om i c  a spec ts , 
nam e l y , t ra d e  w i th f o r e i g n  c o un t r i e s . In 
s ec t io n  3 . 2 , w e  cons i d e r  ITS i nv olvement 
in a c t i v i t i e s  of the I n t e r na t io n a l  Te l e
c ommu n i c at ion U n i o n , the pr ima r y  i nte rna
t i o n a l  body through wh i c h  n a t i o n s  a d j udi
c a t e  t he i r  tel ecommun i c a t i o n  p r o b l ems . 
I n  sec t io n  3 . 3 ,  we c o n s i d e r  ITS a c t i v i ty 
i n  the I n t e r n a t iona l U n i o n  of Rad io Sc i
enc e .  

S EC T I ON 3 . 1 .  S PEC IAL REPORT O N  LOW ERING 
BARRI ERS TO T E LECOMMUN ICATI ONS GROWTH 

Th e Depa r tment o f  Comme r c e  ha s ,  as a 
p r i nc i pa l  e l eme n t  o f  i t s m i s s i o n , the 
r o l e  of f o s ter i ng , s e r v i ng , a nd p r omo t i ng 
the Na t i o n ' s  e conom i c  a nd t ec hn o l o g i cal 
d ev e l o pm en t . OT shares th i s  r e spons i b i l
i ty i n  the a r e a  o f  t e l ec ommu n i ca t ions . 
I n  pur su i ng t h i s  e l ement o f  i t s r o l e , the 
Of f i c e  of Te l e c ommu n i c a t i o n s  i s s ued i n  
e a r l y  Fa l l  o f  1 9 7 6 , a spec i a l  r e po r t  e n
t i t l ed " Lowe r i ng B a r r i e r s  to Te l ec ommu n i 
ca t io n s  G r owth"  ( OT Spec i a l  Publ i c a t i o n  
7 6 -9 ) .  

3 . 1 . 1 .  Ba c k g r ound 

The pur po se b e h i nd the s t udy wa s to d e
t e r m i ne whe ther the g rowth o f  t e l e c ommu
n i c a t io n s  s e r v i c e s  c o u l d  be a pp r ec i ably 
enhanced by t r y i ng to d e tec t a nd lower 
b a r r i e r s  to that g r owth - - whe the r the 
b a r r i e r s  to g r owth be r e f l ec ted i n  a l a c k  
o f  r o b u s t  d em a nd o r  a l ac k  o f  a n  i nnova
t i v e  suppl y .  

Th e U . S .  a nd the o the r i nd u s tr i a l  na t io n s  
o f  t h e  wo r l d , a r e  e n te r i ng a n  econom i c  
e r a  wh i c h  w i l l  i nc r ea s i ng l y  i nvolve i n
f o rm a t i o n - r ela ted ac t iv i t i e s  r eq u i r i ng 
improved a c c ess to a nd speedy t r a n s f e r  o f  
i nf o r ma t ion . Th i s  i n f o r m a t i o n  t r a n s f e r  
r e l i e s  heav i l y  o n  t e l ec ommu n i c at io n s  fa
c i l i t i e s . To the c r ed i t  of u . s .  i nd u s
t r y , ex i s t i ng t e l ec ommu n i c a t i on s  s e r v i c e s  
a r e  i n  g ood o rd e r . O u r  tel ephone sys tem , 
wh i c h  i nvolve s a c ompl ex m i x  o f  tec hnolo
g i e s ,  i s  a l ready the m o s t  pe r v a s i v e  a nd 
r el i a b l e  i n  the wo r l d . Te l ev i s i o n  r e ac h
e s  f u l ly 9 7  pe r c e n t  o f  Ame r i c a n  home s .  

Ye t ,  the n a t i o n  fac es impo r ta n t  t e l ecom
m u n i c a t ion problem s . New t e l ec ommun i c a
t i o n s  technology w i l l  be r e q u i r ed to meet 
the g r ow i ng demands of t he " i nfo rma t i o n  
e r a . "  Th i s  new t e c h n o l o g y  w i l l  i nvolve 
opt i c a l  c ommu n i c a t ion s ,  advanc e d  s o l i d 
s ta t e  technolog y ,  a nd s a te l l i te c ommun i
c a t i o n s . Othe r p r o b l em s  tha t w i l l  have 
to b e  fac ed i nc l ud e  c r owd i ng o f  t he e l ec 
t r om a g n e t i c  spec t r um i n  l a nd mo b i l e ,  
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t e r r e str i a l  m i c r owave , a nd c ommun i c a t i o n  
s a t e l l i te b a nd s ; i nc r ea sed compe t i t i o n  
f r om f o r e i g n  i nd u s tr y ;  l o ng d e l ays i n  
g et t i ng a ppr ova l s  f r om r eg u l a t o r y  a u t ho r 
i t i e s ;  l ag s  i n  technology t r a n s f e r ;  a nd 
d i f f i c u l ty i n  a c h i ev i ng coope r a t io n  b e
t we e n  g ove r nment a nd i nd u s t r y  where the 
d emon s tr a t i o n  o f  c ombi ned pub l i c and pr i 
vate sec tor s e r v i c e s  a r e  i nvolved . 

I nd u s tr y ' s  r o l e  i s  to r e spond to the d e
mands o f  the mar k e t  p l ac e  by a s sembl i ng 
the fac to r s  o f  p r od uc t ion a nd b r i ng i ng 
the prod u c t s  to the ma r ke t .  Pr i va t e  i n
d u s tr y  h a s  made maj or contr i b u t i o n s  to 
c iv i l i a n  r e se a r c h  a nd developmen t ,  p r o
d uc t  d e vel opm e n t ,  ma r k e t  i d en t i f i c a t io n ,  
a nd pur s u i t  o f  ove r se a s  t r ad e .  Whe r e  a 
c l e a r  m a r k e t  e x i s ts ,  the r e  i s  no p r o b l em 
-- i nd u s tr y ,  o n  i ts own , v i g o r o u s l y  r e
sponds to the m a r k e t  " p ul l . "  

Th e r e  a r e  s i t ua t ions , h owev e r , whe r e  i n
d u s t r y  d o e s  n o t  r e a c t  so e f f ec t i vely , a nd 
wh i c h  may r eq u i r e  government ac t i o n .  
Th e se i nv o l v e  c o n c e r n  f o r  the publ i c  o r  
na t i onal i n t e r e s t  even i n  the a b sence of  
m a r k e t  f o r c e s  ( o r even in  oppo s i t io n  to 
m a r ke t  fo r c e s ; e xampl es are a l t e r na t iv e  
energy s o u r c e s , e nv i r onmental pr o tec t i on , 
a nd h i g hway sa fety r eg u l a t io n s ) .  Gov e r n
m en t ,  i n  pur s u i ng the na t ional and pub l i c  
i nt e r e s t  i n  t e l ec ommun i c a t i o n s , a s sumes a 
n umber o f  r o l e s , among wh ich a r e  po l i cy
m a k e r , r eg u l a to r , spec tr um manag e r , user 
a nd p u r c h a se r , coord i na t o r  of pub l i c  sec
tor r eq u i r ements , a nd suppo r te r  o f  Key 
t ec hn o l o g i c al d evelopmen ts . 

3 . 1 . 2 . Cho i c e  of Techno log i e s  

T h e  OT r epo r t  " Lowe r i ng Ba r r i e r s  t o  Te l e
c ommu n i c a t i o n s  Growth" wa s pr epa r ed a s  a n  
a t tempt t o  p l a c e  some i tems o n  a " na t ion
al d r a f t  ag enda " that could be u sed a s  a 
v eh i c l e  f o r  d i s c u s s ion , a nd u l t imately a s  
a b a s i s  f o r  a c tion . Fo ur i t ems we r e  
c ho s e n  f r om a l o ng l i s t  o f  a t tr a c t i v e  
c a nd i d a t e s  r a ng i ng f r om e l ec tr o n i c  f unds 
t r a n s f e r  to the automa ted o f f i c e . The 
c r i te r a  for the selec t i o n  p r o c e s s  i n
c l uded : po t e n t i a l  for  pub l i c  b ene f i t ,  
r emed i a b l e  t ec hnolog i ca l  b a r r i e r s ,  t im e
l i ness , appr opr i a teness o f  Fed e r a l  g ov
e r nment i nv o l v eme n t ,  a nd impac t on g r owth 
a nd d e v e lopm e n t  over  a " bus i ne s s-as- usu
a l "  appr o ac h .  

The f o u r  tec hnolog i es c ho se n ,  
r easons f o r  the i r  i nc l u s ion , 
f o l lows : 

a nd the 
a r e a s  

1 .  S a t e l l i te com��n i c a �io n � ,  e s-
pec i a l l y  f o r

---ser v i c e s  i nvo lv i ng sma l l  
e a r th t e r m i na l s , wa s i nc l uded because o f  
the i r  po ten t i a l  pub l i c  bene f i t ,  the pr e s
ence o f  s ig n i f i c a n t techn i c a l  b a r r i e r s ,  
t im e l i ne s s , a nd po ten t i a l  r e g u l a t o r y  o r  
pol icy b a r r i e r s  to the i r  e a r l y  ut i l i za
t i o n . Th i s  s ubj ec t  wa s i nc l uded a l so 



b ec ause o f  the d a ng e r  that e a r l y  ad hoc 
d ec i s io n s  m i g h t  f o rec lose f u t u r e  op
po r t un i t i e s  f o r  b en e f i c i a l  use of the 
spec t r um/o r b i t  r e so u r c e .  

2 .  Land m o b i l e  r ad i o , a w e l l  es-
tab l i shed a nd s tead i l y  g r ow i ng serv i c e ,  
w a s  i nc l uded b ec au se o f  i t s i mpo r ta nc e  to 
b u s i ness , publ ic sa fety , a nd government 
ope ra t io n s ,  a nd bec ause o f  the l i k e l ihood 
that the r e  w i l l  no t b e  su f f i c i e n t  spec
t r um a va i l able to s u s t a i n  the g r owth o f  
conv e n t i o na l ,  p r ivately owned sys tem s . 

3 .  B r o adband c ommun i c a t i o n s  was 
c ho s e n  as an example of a se r v i c e  " wh o se 
t im e  i s  yet to c ome . "  Desp i te many per
s ua sive a rg uments c on c e r n i ng the b e ne f i ts 
o f  suc h s e r v i c e s , they a r e not becom i ng 
a va i lable , bec ause t he nec e s sa r y  n e two r k s 
have not been d ev e l oped . 

4 .  r' ib er opt i c  commu n i c a t i ons w a s  
i nc l uded b ec a u se i t  r ep r e senfSii new com
mun i c a t i o n s  mod e f o r  the f u t u r e ,  bec ause 
of i ts po tential  for  p r ov i d i ng i nexpen
s iv e ,  h i g h  c apac i ty c ommun i c ations , a nd 
b ec ause o f  i ts po te n t i a l  for  d eve lopment 
i n to a s i g n i f i c ant new m a n u fac t ur i ng i n
d u s tr y .  

E v e r y  e f fo r t  wa s made to a s s u r e  c ar e fu l  
s e l ec t ion o f  those technol og i e s t h a t  wa r
r a n t  Fed e r a l  a t ten tion , a nd to sol i c i t  
v a r ious v i ewpo ints , r eg a r d l e ss o f  pr ob
a b l e  suppo r t  o r  l a c k o f  i t .  Th e se tech
nolog i e s  a r e  v i ewed a s  hav i ng h ig h  po ten
t i a l  for  pub l i c  a nd pr ivate bene f i t a nd 
a r e  a c c o r d i ng l y  h ig h l ig hted a nd p r opo sed 
for f u r the r d i sc u s s i on . In eac h c a se , 
c o n t i nued Fed e r a l  a t te n tion i s  s u g g e s ted , 
a im ed a t  max imum bene f i t  fo r bo th pub l i c  
a nd pr ivate use r s  a nd f o r  i n d u s tr y . 

Th e se four tec hnolog i e s  we r e  exami ned i n  
d e t a i l  f r om the po i n t  o f  v i ew o f  s t a t u s  
o f  t h e  f i eld , i s s u e s  a f fec t i ng g r owth , 
a c t i o n s  that ad d r e ss the i s su e s , a nd im
pac t o f  the pr oposed a c t i o n s .  Th i s  a na l 
ys i s  i s  p r e sen ted i n  f o u r  chapte r s  o f  the 
spe c ial r e po r t ,  a nd is too v o l um i nous to 
sepa r a t e l y  d ig e s t  f o r  the pu r po s e s  o f  
t h i s  a nnual repo r t .  

3 . 1 . 3 .  Conc l u s i o n s  a nd Recomme nda t i o n s  

The f i n a l  c hapter o f  t h e  r e po r t  conta i ns 
c on c l u s io n s  a nd rec omme nd a t i o n s . I t  r e
o r g a n i z e s  the i s s u e s  ident i f i ed i n  the 
a na l y s i s  o f  the four tec hno l og i e s  c hosen 
f o r  e v a l ua t ion i n to f o u r  c a teg or i e s  wh ich 
serve a s  u n i f y i ng them e s  i l l u s tr a t i ng 
c ommon b a r r i e r s  to telec ommun i c a t io n s  
g r owt h . Th e se a r e : 

I d en t i f i c at i o n  o f  N e e d s  for  New T e l ec om
mun i cat io n  S e r v ices--=-.:-fhTS" c a t e g o r y  is 
concern� w i t�lde n t i f i c a t io n  o f  needs 
f o r  new s e r v i c e s ,  opt ions fo r prov i d i ng 
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the se r v i c e s ,  a nd eva l u a t i o n  of the c o s ts 
o f  the se optio n s . In ide n t i f y i ng need s , 
a t t e n t i o n  sho uld be g i ven to the po ten
t i a l  f o r  i n c r e a s i ng na t i o na l  p r od u c t iv
i t y ,  wh i c h  h a s  p r e v i o u s l y  r e spo nded to 
t e l ecommun i c a t io n s  i n nov a t i o ns . 

�s t��§. Dev �!_opme n t ,  Per for ma ns:_� fi_�te r i� 
a nd Mea s u r e s  o f  Per forma n c e  -- T h i s  c a t e
g o r y  f o c u s e s

-on systems-
p l a nn i ng a nd re

se a r c h ,  p e r fo rmance c r i te r ia and m e a s u r e
men t ,  a nd standa rds o f  p r ac t i c e , a s  we l l  
a s  e q u i pment ope r a t i ng s t a nd a rd s . No rmal 
d ev elopment o f  new t e l ec ommu n i c a t io n s  
s e r v i c e s  o r  equ ipment prog r e sse s f r om the 
e a r l y  pha se o f  ma r k e t  i d en t i f i c a t i o n  a nd 
d e t e r m i na t ion o f  t e l ec ommu n i c a t i o n s  needs 
t h r o ug h  the process o f  d e t e rm i n i ng sys tem 
pe r formance a nd requir eme n ts w h i c h  w i l l  
m e e t  the needs of the new se r v i c e ,  a nd 
i d e n t i f i c at ion of the nec e ssa ry h a r d wa r e  
pe r fo rmance spec i f i c a t i on s .  Th i s  p r o c e ss 
a l l ows the c o s t s o f  the se r v i c e  to be e s
t im a t ed a nd thus contr i b u t e s  to the d ec i
s io n  as to whe t he r  i t  c a n  be p r o v i d ed o r  
w i l l  b e  wan ted . The f i nal s tep i nvolves 
meas u r i ng the d eg r ee to wh i c h  the per
f o rmance c r i te r ia o r  spec i f i c a t i o n s  a r e  
b e i ng me t .  I t  is impo r ta n t  t o  e s tabl i sh 
s ta nd a r d s  i n  such a way t h a t  they f o s te r , 
r a the r tha n pr eve nt , i nnova t i o n . 

Regu l a t i o n  - - The spec t r um depend e n c e , 
1 n te r s ta t e  a nd i n t e r n a t i o n a l  ope r a t io n s , 
tog ethe r w i th the monopo ly o r  u t i l ity 
c ha r a c t e r  o f  many telecommun i c a t i on se r
v i c e s  make r e g u l a t ion a s t r ong i n f l uence 
i n  the i r  d eve lopmen t .  The r e g u l a to r y  
p r o c e s s  h a s  p r oven i n  many c a s e s  to be 
t ime-consum i ng ,  a nd the d e l i v e r y  o f  new 
or improved s e r v i c es to the p ub l i c  has 
l agged as a c onsequenc e .  wh i l e  the r e  i s  
g r e a t  pr e ss u r e  t o  speed u p  the p r o c e s s , 
the r e  i s  a l so the need to p r e se r v e  the 
r i g h t  of a l l  i n ter e s t ed pa r ti e s to be 
heard . 

I n t e r na t ional F r equency A l l o c a t i o n s  
Overthe next tTi"i:"ee ye a r s , �eln t e r na
t ional Te l ec ommu n i c a t i o n s  U n i o n  ( I T U )  
w i l l  spo n s o r  two more Wo r l d  Ad m i n i s tr a
t i v e  Rad io Conferences ( WARC ' s )  wh i c h  a r e  
r e l evant t o  the i s s u e s  a d d r e ssed i n  the 
r epo r t .  Th e f i r s t  w i l l  take pl a c e  i n  
1 9 7 7  a n d  wi l l  f o c u s  on sa t e l l i te b r oad
c a s t i ng s e r v i c e s  in the 1 1 /1 2 GHz b a nd . 
Th e sec ond , s c he d u l ed for  1 9 7 9 ,  w i l l  r e
v i s e  the Ra d i o Reg u l a t io n s , i n c l ud i ng the 
T a b l e  of Fr equency A l l o c a t io n s . Th e se 
WARC ' s  w i l l  esta bl i s h the pa t te r n  o f  
wo r l d w i d e  spec t r um u t i l i za t i o n  f o r  many 
ye a r s  to c ome . Mor eove r ,  t h e i r  d ec i s io n s 
may a f f e c t  o u r  own r u l e s  a nd reg u l a t ions . 
I t  i s  thus impe r a t ive t h a t  t he Un i ted 
S t a t e s  p r e se n t  i t s needs e l oq u e n t l y  a nd 
pe r sua s i v e l y . 

I n  each c a tegory the m a i n  i s s ue s  r e l evant 
to the t ec hnolog i e s  a r e  summa r i z ed ,  f o l-



l owed by r ec omme nd a t ions f o r  a c t io n .  
Th e se r ec ommend a t io n s  a r e i nc l ud ed a s  a 
s te p  i n  the fo rmu l a t io n  of a " d r a f t 
a g e nd a "  to s t im u l a t e d i sc u s s ion among a l l  
r e l ev a n t  i n s t i tut ions i n  Gov e r nment a nd 
i nd u s tr y ,  a nd to help i n  e s tabl i s h i ng 
p r io r i t i e s . 

S ECTION 3 . 2 .  THE INTERNATIONAL 
T E LECOMMUN ICATION UN I ON ( I TU ) 

The I TU i s  a Geneva-based i n t e r na t i o n a l  
o r g a n i za t ion wh i c h  i s  c ontr o l l ed by i ts 
member na t io n  s ta t e s .  Th e Ra d i o Reg u l a
t io n s  a nd the Te l ephone a nd Te l eg r a ph 
Reg u l a t i o n s  ( a nd the Conve n t i o n  to wh i c h  
they a r e a ppended ) have t r e a ty s t a t us 
among the member na t io n s  who s i g n  them . 
T h e  Convention may be c ha ng ed only a t  
p l e n i po ten t i a r y  c o n f e r e n c e s  o f  the ITU 
( the l a s t  such wa s based at Ma l a g a
T o r r emol i ne s ,  Spa i n ,  i n  1 9 7 3 ) . Th e Rad io 
Reg u l a t i o n s  a r e  r ev i ewed a nd upd a ted a t  
W o r l d  Admi n i s tr a t iv e  Rad i o  Conf e r e nces , 
e i the r i n  pa r t  ( e . g . , Wo r l d  Admi n i s tr a
t iv e  Ra d i o  Co n f e r ence fo r Spa c e  Te l ec om
mun i c a t io n s , Geneva , 1 9 7 1 ) o r  in to to 
( e . g . ,  Wo r l d  Adm i n i s tr a t i v e  Ra d i o  Confer
e nc e ,  Geneva , 1 9 5 9 ;  World General 
Adm i n i s t r a t iv e  Rad i o Confe r e nc e , Gene�a ,  
1 9 7 9 ) . As the se l a t t e r  c o n f e r e n c e s  o c c u r  
o n l y  e v e r y  2 0  ye a r s ,  t he u . s .  h a s  devo ted 
c on s id e ra b l e  e f fo r t  to p r epar a to r y  wo r k  
f o r  the n e x t  WGARC t h r o ug h  the F C C  ( fo r  
t he p r iva te sec tor ) a n d  thr o ug h t h e  IRAC 
( fo r  the Fed e r a l  g o v e r nme n t ' s  a l l o c a
t io n s )  . 

Ad H o c  1 4 4  o f  I RAC i s  i ts g r o up c h a r g e d  
w i th p r epa r a t io n  f o r  t h e  WGARC i n  1 9 7 9 .  
ITS h a s  f o u r  s t a f f  mem be r s  who a r e  ac t i v e  
i n  A d  Hoc 1 4 4 -I I I  ( te c hn i c a l  c o n s idera
t io n s ) . 

Due to the g e n e r a l  i nt e r e s t  in the fo r th
c om i ng WGARC , ITS c omm i s s ioned P r o f .  
Ge o r g e  A .  Codd i ng o f  the Po l i t i c a l  Sc i
e n c e  Depa r tm en t  of t he Un iv e r s i ty of 
C o l o r a d o  to d e l i v e r  the b a nque t add r e ss 
on po l i t i c al c o n s i d e r a t i o n s  i n  the ITU a t  
the T e l ec ommu n i c at io n s  for Gov e r nment 
Sympo s i um h e l d  i n  Bo ul d e r , November 11-
1 3 ,  1 9 7 5 .  As a c onse q u e n c e  o f  the l a r g e  
n um b e r  o f  r eque s t s  fo r P r o fe s s o r  Cod
d i ng ' s  r ema r k s ,  t hey have b een r ep r od uc ed 
a s  OT Spec i a l  Publ i c a t i o n  7 5 -6 ( Th e  u . s . 
a nd the ITU i n  a Chang i ng Wo r l d ) . 

T h e r e  a r e  two semi-aut onomous o r g a n i za
t io n s  in the ITU w h i c h  a r e  c h a r g ed w i th 
the s tudy o f  s tand a rd s r e l a t ing to tech
n i c a l  a nd ope r a t ing q ue s t io n s .  Th e se a r e 
the C C I R  ( I n te r na t i o n a l  Ra d i o  Consul ta
t iv e  Comm i t tee ) ,  the pr i n c i pa l  a r ena for  
ITS c o n t r i b u t i o n s , a nd the CC ITT ( I n ter
nat i o n a l  Te l ephone a nd Te l eg r a ph Consul
t a t i v e  Comm i t tee ) .  T h e s e  two o r g a n i za
t io n s  a r e t r e a t ed sepa r a t e l y  below . 
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3 .  2 . 1 .  C C I R  

I T S  a nd i ts p r edec e s so r  o r g a n i za t io n s  
( the NBS Rad io Sec t io n , CRPL , a nd ITS A )  
h a v e  b ee n  a c t i v e  i n  C C I R  s i nce i ts i nc ep
t i o n  i n  1 9 2 7 .  J a c k  H e r b s tr e i t ,  D i r ec to r 
o f  C C I R  f r om l 9 6 b  to 1 9 7 4 ,  wa s forme r ly 
De puty Di r e c t or o f  CRPL a nd ITS A .  
R i c h a r d  K i r by , p r e se n t  D i r ec to r  o f  C C I R ,  
was fo rme r l y  D i rec to r o f  ITS . 

C C I R  i s  o r g a n i zed in t e rms o f  S t ud y  
Gr o up s , e a c h  o f  wh i c h  h o l d  a n  I n t e r im a nd 
F i na l  M e e t i ng i n  the p e r iod b etween P l e
na ry As sembl i e s  o f  the C C I R  ( c u r r e n t l y  
e v e r y  f o u r  y e a r s ;  the XI I I t h P l e n a r y  A s 
s embly was he ld i n  Geneva i n  J u l y  1 9 7 4 , 
a nd the X I Vt h  Plenary As sembly i s  s c hed
u l ed to be he l d  May 2 2 - J u ne 9 ,  1 9 7 8 ) . 

S . G .  

S . G .  

S . G .  

S . G .  
S . G .  

S . G .  
S . G .  

S . G . 
S . G .  

S . G .  
S . G . 

CMTT : 

Ta b l e  1 .  C C I R  S t udy G r o ups 

1 :  

2 :  

3 :  

4 :  
5 :  

6 :  
7 :  

8 :  
9 :  

1 0 : 
1 1 :  

Spec tr um U t i l i za t ion a nd 
Mo n i to r i ng 
S pa c e  Re s e a r c h  a nd Rad io 
A s t r onomy S e r v i c e s  
F i xed S e r v i c e  a t  Fr equenc i e s  
B e low Abo u t  3 0  M Hz 
F i x ed S e r v i c e  Us i ng Sa t e l l i t e s  
P r opag a t ion i n  Non- i oni zed 
Med i a  
I o n o sphe r i c  P r opag a t i o n  
S t a nd a r d  Fr equency and 
T i me-S i g na l  S e r v i c e s  
Mob i l e  Se r v i c e s  
F i x ed S e r v i c e  Us i ng Rad i o
Re l ay Sys tems 
B r oadc a s t i ng Se r v i c e  ( So und ) 
B r o ad c a s t i ng S e r v i c e  
( 'I:e l ev i s io n )  
T r a n sm i s s io n  o f  Sound Br oad
c a s t i ng a nd Te lev i s ion S ig na l s  
O v e r  Long D i s tanc e s  ( J o i nt 
w i t h  C C ITT ) 

CMV : Vocabul a r y  ( j o i n t  w i th CC ITT ) 

Th i j s  d eHa a s  o f  ITS i s  c ur r e ntly s e r v i ng 
as v i c e  c ha irman o f  Study G r o up 3 .  

The u . s . p a r a l l e l s  the CCIR S t ud y  G r o up 
s t r u c t u r e i n  i ts own p r epa r a tory ac t iv i
t i e s  f o r  the CCIR i n te r na t io na l  me e t i ng s .  
Th e se u . s .  S t ud y  G r o up s  r e po r t  t o  the 
c ha i r m a n  o f  the U . S . Na t ional Comm i t tee 
of the C C I R ,  M r . Go rdon L. H u f f c u t t  of 
the I n t e r na t i o n a l  Commu n i c a t i o n s  Po l i cy 
Of f i c e  of the State Depa r tment . At the 
p r e s e n t  t im e , I TS f u r n i s he s  the c ha i rmen 
f o r  US S G- 1  ( D r .  W .  F.  U t l a ut ) , USSG-3 
( Th i j s  d e Ha a s ) , USSG-5 ( Dr .  H.  T.  Do ug h
e r ty ) , a nd USSG- 6  ( D r .  E .  K .  Sm i th ) . 
Some 3 5  memb e r s  o f  ITS w e r e  i nvolved i n  
u . s .  S t ud y  G r o up ac t i v i t i e s  d u r i ng FY7 6 ,  
a nd n i n e  pa r t ic i pa ted a s  membe r s  o f  u . s . 
d el eg a t io n s  to C C I R  i n t e r n a t i o n a l  meet
i ng s . 

Dr s .  Do ug h e r ty a nd Smith were i nv i ted to 
wr i te a m i n i - r ev i ew on the CCIR f o r  the 
I EEE A n t e nna s a nd P r opa g a t io n  So c i ety 



( sched u l ed for  publ i c a t i on i n  the Nov em
b e r  1 9 7 6  i s sue ) , a nd E .  K .  Sm i th wrote a 
pape r on the C C I R  a nd URS I  wh i ch wa s pub
l i shed in the June 1 9 7 6  i s sue of Rad i o  
Sc ienc e .  

N o t  a l l  ITS a c t i v i ty i n  CCIR w a s  c on f i ned 
to the u . s .  Study G r oups c h a i r e d  by ITS 
m ember s .  F i v e  documents we r e  c on tr ibuted 
by ITS to u . s . S t ud y  Gr oup 1 0  ( th r e e  i n  
t he a r ea o f  ionosphe r i c  mod i f i c a t ion ) .  

As pa r t  o f  the wo r k  pe r fo rmed f o r  the 
Ma r i t ime Adm i n i s t r a t i o n  ( Ma r Ad ) of the 
U . S .  Depa r tment of Comme r c e ,  ITS p r epa r ed 
U . S .  contr ibu t io n s  to C C I R  S t ud y  G r o up 8 
( s e e  the d e sc r ipt i o n  und e r  S E LCAL i n  sec
t io n  2 . 3 . ) .  

M r . d e Ha a s  o f  ITS was a member o f  the 
CCIR I n te r im Wo r k i ng Pa r ty ( I WP 8/3 ) 
wh i c h  d ea l t  w i t h  t he subj ec t o f  d ig i tal 
s e l ec t ive c al l i ng .  At the Study Gr o up 8 
I n te r im Me e t i ng held i n  M a r c h  1 9 7 6  i n  
Geneva , Swi t z e r l a nd , Mr . d e Ha a s  wa s a p
po i n ted c h a i rman o f  the su bcomm i ttee 
c ha r g ed w i th p r e pa r i ng a Dr a f t  Re commen
d a t io n  c o n ta i n i ng the ope r a t iona l and 
t ec h n i c a l  c h a r a c te r is t i c s  o f  a d i g i ta l  
s e l ec t iv e  c a l l i ng sys tem , b a sed on the 
wo r k  o f  the IWP a nd subseque n t  contr ibu
t io n s  o f  several c o u n t r i e s .  

3 • 2 .  2 • CC ITT 

I TS d o e s  not have a l ong h i s to r y  of i n
volveme n t  i n  the I n t e r n a t i o n a l  Te l ephone 
a nd Te l eg raph Consul t a t i v e  Commi ttee 
( CC ITT ) . At p r e se n t ,  o u r  pa r t ic i pa t i o n  
c on s i s ts o f  t h e  c on t r ibut ions o f  one ma n ,  
Th i j s deHa a s , who has c ha i r ed u . s .  CC ITT 
S t ud y  Group 5 .  In contr a s t  to the C C I R ,  
the u . s .  CC ITT S t ud y  G r o up s  a r e  n o t  
pa r a l l el to t h e  i n t e r na t io n a l  s tr uc tur e .  
USSG- 5  i s  r e spo n s i b l e  f o r  two i n te r na
t i onal S t ud y  G r o ups : S . G . VI I ,  wh i c h  
d ea l s  wi th N e w  Da ta Ne two r k s , a nd S . G .  
Spec i a l  A o n  Da t a  Tr a n sm i s sion . As 
c ha i r man of the u . s . p r epa r a t o r y  g r o up ,  
M r . d e Ha a s  i s  a l so head o f  the u . s .  del
egat ions to  the i n te r n a t i o na l  CC ITT S t ud y  
G r o up V I I  a nd Spec i a l  A meet i ng s .  

S EC T I ON 3 . 3 . THE INTERNAT IONA L UN ION OF 
RADIO S C I ENC E ( URS I ) 

The URS I  wa s c r e a t ed i n  1 9 1 9  a nd was one 
of the o r ig inal four ( o f the now seven
t een ) sc i en t i f i c  u n i o n s  wh i c h  adhere to 
the I n t e r na t ional Co unc i l  o f  Sc i ent i f i c  
U n i o n s  ( I C S U ) . A s  wa s t r ue i n  the c a se 
o f  C C I R ,  ITS , t h r o u g h  i ts p r ed ec e s sor o r 
g a n i za t i ons , h a s  b een i nvolved w i th URS I 
s i nce i t s found i ng .  Th e u . s .  pa r t i c i
pa t e s  i n  the U n i o n s  o f  I C S U  t h r o ug h  the 
N a t ional Ac ademy o f  S c i ence/Na t i o n a l  
Ac ademy o f  En g i nee r i ng r a t he r than 
t h r oug h the State Depa r tmen t .  The str uc
t u r e  of the U . S .  URS I ( wh i c h  pa r a l l e l s  
the i n te r na t ional s t r u c t ur e )  i s  o r g a n i zed 
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under the u . s .  Na t i o na l  Comm i ttee for  
URS I  ( US NC/URS I ) , wh i c h  in  turn is  und e r  
t h e  aeg i s  o f  t h e  Na t i onal Ac adem i e s . Dr . 
J .  R .  wa i t  ( I TS Consul tan t )  i s  the c ur 
r e n t  S e c r e t a r y  o f  US NC/U RS I .  

N i ne m embe r s  o f  the ITS s ta f f  we r e  maj or 
c o n tr i b u to r s  to the XVI I I th Gene r a l  As
s embly of the I n t e r na t i o na l  Sc i e n t i f i c  
Rad i o Un ion ( URS I )  h e l d  i n  L ima , Per u ,  
Aug u s t  1 0 -1 9 ,  1 9 7 5 .  Do ug l a s s  D .  Cr omb i e , 
D i r e c to r  o t  ITS , l ed the OT B o u l d e r  con
t i ng e n t  wh i c h  pa r t i c i pa t e d  i n  the d e l ib
e r a t i o n s  a nd wh i c h  p r e se n ted 1 0  tec hn i c a l  
pape r s .  

Pape r s  we r e  p r e sen ted b y  Dr . James R .  
Wa i t ,  Consul tant t o  ITS , o n  " El e c tr omag
net i c  F i elds f r om D i e l ec tr i c  Coa t ed and 
B r a i d ed Co a x i a l  Ca b l e s  w i th I n t e r r upted 
S h i e lds , "  " M i x ed Modal a nd Ra y Repr e se n
t a t ions for  VLF P r opag a t i o n  i n  the Ear th
I o no sphe r e  wavegu ide , "  " Rad io-wave Pr opa 
g a t io n  - G r o und S t r u c t u r e  a nd To pog ra
phy , "  " The U s e  of the S u r fac e Impedance 
C o nc ept i n  the Teac h i ng o f  E l e c tr omag ne
t i c  Sc i ence , "  a nd " Some B a s ic E l ec t r omag 
n e t i c  Aspec ts o f  U LF F i e l d  V a r i a t i o n s  i n  
the Atmosphe re . "  

Dr . Ar thur D .  Spa uld i ng ,  Spec tr um U t i l i
z a t io n  D i v i s io n , p r e se n ted " Op t imum Re
c eption i n  a n  Impul s i v e  I n te r fe r ence En
v i r onm e n t "  a n d  " I n te r fe r e n c e  Mea s u r e
m en t . "  

Dr . W i l l i am F .  U t l a ut , De puty Di r e c to r  o f  
I TS , p r e se n ted " I o no sphe r i c  P r o b l em s  i n  
Ra d i o  Te lec ommun i c a t i o n s ; "  Ma r g o  Le f t i n ,  
Appl i ed E l ec tr omag ne t i c  S c i en c e  D i v i s ion , 
" G l obal Iono sphe r ic Model s for  P r ed i c t i ng 
the P e r fo rmance o f  H i g h  F r equency Commu
n i c a t i o n  System s ; "  a nd Ge o r g e  w .  Haydon , 
Appl i ed E l ec t r omag n e t i c  Sc i en c e  Di v i s io n ,  
" P r ed i c t i ng the Compa t i b i l i ty o f  H i gh
F r equency S k y-wave Sys tems . "  

C r omb i e , Dr . E r n e s t  K .  Sm i th ,  Dr . Moody 
C .  Thompson , a nd J a c k  w .  H e r b s t r e i t  at
tended as member s of the u . s . d e l eg a t io n , 
b u t  d id not pr e se n t  pape r s .  U t l a u t  and 
H e r b s tr e i t  s e r v ed on the u . s .  Na t i onal 
Comm i t t e e  of URS I  a nd Sm i th a s s i s ted the 
c ha i rman o f  URS I wo r k i ng Gr o up 3 . Y w i th 
p r e pa r a t i ons f o r  the mee t i ng . 

The URS I/U S NC h a s  a d opted a pa r a l l e l  
s t r uc t u r e  a nd d e s i g na t ed c ha i r men f o r  the 
v a r io u s  US-URS I Comm i s s i o n s .  Dr . w .  F .  
U t l a u t ,  Deputy Di r e c to r , ITS , h a s  been 
named c h a i rman of u . s . Comm i s s ion C 
( S i g na l s  a nd Sys tems ) .  



C HAPT E R  4 .  E M  WAVE TRANS M I S S ION 

T h e  g r o und , the a tmosphe r e , a nd the i o no
s phe r e  d e g r a d e  r a d i o  waves in v a r y i ng de
g r e e s  d epend i ng o n  c i r cums tanc e s . It is 
the p u r po se o f  the EM Wave T r ansm i s s i o n  
P r o g r am to s t ud y the se e f fec t s  a nd pro
v i d e  mod e l s  to the sys tem d e s ig n e r  that 
w i l l  aid h i m  i n  prov i d i ng mo r e  c o s t 
e f fec t ive a nd spec t r um e f f i c i e n t  d e s ig ns . 
The phe nome na wh i c h  c a u s e  these d e t r i
mental e f f ec ts o n  r a d io and opt i c a l  sys
t em s  a r e , in g e ne ra l , f r eq u e nc y  depend
e n t :  the r e f o r e , spec i f i c  s t ud i e s  a nd 
t e s ts a r e  r eq u i r ed f o r  spec i f i c  f r equency 
r a n g e s  a nd a ppl i c a t ions . 

S ome o f  the phe nome na wh i c h  e f fec t r a d i o  
s i g n a l s  a n d  a r e  s tud i ed i n  th i s  p r og r am 
a r e :  

1 .  A t t enua t i o n  by a tmo sphe r ic 
g a se s ,  hydr ome teo r s  ( r a i n ,  s now , h a i l , 
c lo ud s ,  e tc . ) ,  o r  i o n i z a t i o n . 

2 .  S c a t te r i ng by h yd r ometeo r s  o r  
i r r eg u l a r i t i e s  i n  the r e f r ac t iv e  i nd e x  o f  
t he l ow e r  a tmosphe r e  o r  ionosphe r e .  

3 .  Re f r ac t io n ,  d uc t i ng , a nd m u l ti
path , r e sul t i ng f r om a tmosphe r i c o r  i o n o
s phe r ic l aye r s .  

4 .  D i sp e r s i o n , r e s u l t i ng f r om f r e-
quency d epend ent pr ope r t i e s  o f  the a tmo
s phe r e , i onosphe r e , a nd ea r th .  

5 .  S c i n t i l l a t io n  o f  ampl i tud e ,  
pha se , po l a r i za t ion , a nd a ng l e o f  a r r iv
a l ,  r e s u l t i ng f r om t u r bu l e n c e  a nd i r r e g u 
l a r  s tr u c t u r e  i n  t h e  a tmosph e r e  a nd iono
s phe r e .  

6 .  Re f l ec t io n ,  s c a t t e r i ng , mu l t i
path , a nd lower a tmo sphe r e  pe r tu r b a t i o n s  
r e sul t i ng f r om t e r r a i n  a nd ma n-made 
s tr uc tu r e s .  

The e f fec t upon a ny spec i f i c  sys tem o f  
t h e  a bove phe nome na i s  n o t  o n l y  h ig h ly 
f r equency depend e n t , but i s  a l so d e pe nd
e n t  upon the type of se r v i c e  r eq u i r e d  for 
the spec i f i c  appl i c a t io n .  

One d r iv i ng f o r c e  b eh i nd the EM wave 
t r a n sm i s s io n  p r o g r a m  is the need for more 
s pe c tr um spac e .  Th e r e fo r e , t h i s  p r o g r am 
p r o v i d e s  mod e l s , t ec h n i q u e s ,  a nd i nf o r ma
t io n  to aid the sys tem d e s i g n e r  a nd f r e
quency mana g e r  i n  h i s d ec i s i o n s  f o r  b e t
t e r  s pec t r um u se . 

E xpe r imen tal o r  the o r e t i c a l  d e t e r m i na
t io n s  of r ad io wave t r a n sm i s s io n  c h a r a c 
t e r i s t i c s , o r  t h e  c ha nnel t r a n s f e r  f unc
t i o n ,  a r e  r e po r t ed in sec t io n  4 . 1 . Me a s
u r em e n t s  o f  t r ansm i s s io n  med i a  prope r t i e s  
a nd a n a l y s e s  o f  c ol l ec t i o n s  o f  s u c h  d a t a  
a r e  i nc l ud ed i n  sec t i o n  4 . 2 . S e c t i o n  4 . 3  
d e sc r ibes the d ev e l o pment a nd t e s t i ng o f  
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mod e l s  wh i c h  i nc o r p o r a t e  the t r a n sm i s s ion 
i nf o rma t io n  i n  e ng i ne e r i ng too l s . P r e
d ic t io n s  o f  t r a nsm i s s io n  c h a r a c te r i s t i c s  
a nd sys tem p e r formance a r e  d i sc u s s e d  i n  
s e c t ion 4 . 4 . S e c t ion 4 . 5  r epo r ts o n  a p
p l i c a t i o ns o f  the k nowl edg e  a nd too l s  to 
spec i f i c  p r o b l ems o f  o the r gove r nment 
agenc i e s , such as m i ne c ommun i c a t i o n s  a nd 
r a d io nav i g a t i o n . 

S E C T I ON 4 .  1 .  WAVE TRANSl'l! S S ION 
C HARACTERIST I C S  

Exper imental d e te r m i na t ions o f  t h e  e f f ec t  
o f  the t r a n sm i s s io n  med i a  o n  e l ec t r omag
n e t i c  wave t r a nsm i s s i o n s  a r e r epor ted i n  
t h i s  sec t io n ,  i n  pa r t i c u l a r , those e f
f ec ts p r od uced by the a tmo sphe r e .  

B r o adband T r a n sm i s s io n  i n  the 1 0  to 1 0 0  
GHz B a nd : Th e obj ec t iv e  Of

-fh i s  ffia j o r  
i n-house pro j ec t  i s  t o  d evelop a c omplete 
a nd qua n t i t a t ive d e sc r i pt io n  o f  the 
t r a n sm i s s io n  p r ope r t i e s  o f  the a tmo sphe r e  
a t  f r eq uenc i e s  b e tween 1 0  and 1 0 0  GHz . 
Th i s  d e s c r ipt i o n  w i l l  be used to impr ove 
d e s i g n  mod e l s  a nd p r o v i d e  eng i ne e r i ng 
s ta nda r d s  f o r  the e f f e c ts o f  the t r a ns
m i s s io n  p r ope r t i e s  o n  pe r fo r ma n c e o f  
w i d e-band , h i g h- d a t a- r a t e  sys tems . P r og
r e s s  mad e on the e xpe r imental phase i s  
r epo r ted b e low . 

I n  the se c o nd y e a r  o f  t h i s  p r og r am two 
l ower f r equenc i e s  a t  9 . 6  and 2 & . 8 GHz 
were added t o  the 5 7 . 6 GHz test l i nk . 
The b l o c k  d i a g r am o f  the p r e se n t  sys tem 
i s  shown i n  f igu r e  4 - 1 . Al l t h r e e  s ig
na l s  a r e  c ohe r e n t , s o  that i t  w i l l  b e  
p o s s i b l e  to m a k e  d i f f e r e n t i a l  t ime/phase 
d e l a y  mea s u r emen ts . The a n tenna s for 
b o t h  X a nd K bands are equ i pped to make 
c ompa r a t iv e  m e a s u r ements w i th c r o ssed 
l i ne a r  po la r i za t i o n s  o r  w i th oppo s i te 
c i r cu l a r  po l a r i za t ions . S i nc e  both 
senses of po l a r i za t ion c a n  b e  used s imul
ta neou sl y ,  d i r e c t  mea s u r ements of d epo
l a r i za t i o n  c a n  be mad e . 

S i m u l ta n e o u s  a mp l i t ud e  data were o b ta i ned 
over a p e r iod o f  a bo u t  4 months a nd i n
c l uded r a i n  a nd both wet and d r y  s now 
c o nd i t io n s  ove r the p r opaga t io n  path . 
Th e r e su l ts a r e s umma r i zed below a nd i n
d i cate that the 5 7 . 6  G H z  s i g na l  
expe r i en c ed s l i g h t l y  f ewer d e tec table 
s ig n a l  f ad e s  than the lower two 
f r equenc i e s  d u r i ng t h i s  t e s t  per i od . 

S UMI'IARY 

T o t a l  Days o f  Da ta C o l l ec t ion . 

Ra i n  Ra t e  
Y . 6  G H z  

2 8 . 8 G H z  
5 7 . 6 G H z  

2 1 2  
1 5 1  
1 1 2  
2 4 7  



-...] 
0'1 

TCXO 

X 2  

9.6 GHz 
Channel  

28.8 GHz 
Cha n nel 

57.6 GHz  
Cha nne l  

D. C. Output 

D.C. Output 

F igure 4 - 1 . Block diagram of 3-band experimental l ink showing the coherent 
s i gnal chains on 9 . 6 ,  2 8 . 8 ,  and 5 7 . 6  GHz . 

GUNN 

X 2  



Detec table S igna l C h a nge s ( > 0 . 2  d B )  D u r 
l ng 111 Days of Simultaneo u s  Ope r a t 1 o n . 

P r obab l e  C a use Number of Events ----

9 . 6GHz 2 8 . 8GHz 5 7 . 6GHz 
Ra i n  5 5 6 
S now 1 4  1 5  7 
U n k nown 0 0 4 

An example o f  a fad e a t  5 7 . 6  GHz  c a used 
by r a i n  is  shown in �u r e  4 - 2 . 

The s c r e e n i ng e ff ec t  o b ta i na b l e  o n  sho r t  
l i n k s  by o pe r a t i ng i n  the a b s o r p t i o n  b a nd 
nea r 6 0  G H z  i s  i l l u s tr a ted i n  f igu r e  4 - 3 . 
The two c u r ve s  show the d ec r ea s e  i n  s i g 
n a l  w i th d i s ta nc e f r om t r a nsm i t t e r s  a t  5 0  
( o u t s i d e  the oxygen a b s o r p t i o n  b a nd ) a nd 
a t  6 0  G Hz ( n ea r the peak o f  the b a nd ) . 
Th e t r a nsm i t t e r  po we r s  have b een c h o s e n  
to g iv e  t h e  same s i g na l  s tr eng ths ove r a 
1 km l i n k . The p r o tec t ion ag a i n s t  i n te r
f e r e n c e  w i t h  o th e r  c o- c hannel sys tems a nd 
a ga i ns t  d own- r a ng e  i n t e r c ept ion i s  shown 
by the d i f f e r ence in ord i na te v a l u e s  a t  
r a n g e s  g r e a t e r  than 1 k m ;  f o r  exampl e ,  
the 6 0  G H z  s i g na l  i s  d own 6 0  d B  below the 
50  G H z  at  a d i s ta nc e  o f  4 km p a s t  the 
i n tended r e c e i v e r . 

W i th the c ooper a t i o n  o f  the U . S .  Ai r 
F o r c e  a nd t he Av ion i c s  La b ,  Wr ig h t
Pa t t e r s o n  AFB , i t  was po s s i b l e  to put i n  
ope r a t i o n  a 1 Gb/s d i g i ta l  d a t a  l i n k  o n  
the t e s t  pa t h .  Th e m od em deve loped for  
USAF by Ra d i a t io n  I n c . was used to d r iv e  
a n  upconv e r te r  t o  K-ba nd ( 3 0 . 3  GHz c a r 
r i e r  f r eq u e n cy ) . Th e 2-5 0 0  Mb/s b i na ry 
d a ta s t r eams a ft e r  t r a n sm i s s io n  ove r the 
pa t h  a r e  shown i n  f igu r e  4 -� .  Bi t- e r r o r  
r a t e s  w i l l  b e  r e c o r d e d  a long w i th o the r 
s i g na l  amp l i t ud e s  a nd p r ec i pi t a t i o n  d a t a  
over  a r a ng e o f  a tmosph e r i c  c ond i t i o n s  o n  
the path . 

S igna l  F ad i ng o n  �-o f:::.S i <I_I:!_!: �1 i c r owa':'� 
Pa ths .  U nd e r  c e r ta 1 n  a tmosphe r i c c o n d l 
t i o n s , s ev e r e  fad i ng ( e . g . , 4 0  d B )  is  ob
s e r ved o n  m i c r owave s i g na l s  t r a n sm i t ted 
ove r l i ne - o f- s i g h t  p a t h s  in w h i c h  n o  s ig 
n i f i c a n t  s u r fac e r e f l ec t io n  i s  p r e se n t . 
Th i s  phenomenon ha s been o b s e r v e d  a t  f r e
quenc i e s  up t o  3 3  GHz . To o b ta i n  a r ea
sonable d a ta ba se c on c er n i ng t h i s  p r o b
l em ,  a t e s t  l i n k  a t  9 . 6  GH z wa s ope r a ted 
f r om J a n u a r y  1 9 7 3  t h r o ug h  J a nu a r y  1 9 7 4 . 
The 1 2 0 km pa th ex tended f r om about 1 0  m 
above m e a n  sea l ev e l  a t  the Keahole Ai r 
po r t ,  I s l a nd o f  Hawa i i , t o  Mt . H a l e a k a l a , 
Ma u i , a t  3 0 0 0  m e l eva t i o n . The t r a n sm i t
t e r  was c r y s ta l  s ta b i l i z e d  a nd d e l i v e r ed 
5 0 0  mW to a 3 m  pa r a bo l i c a n t e n na . A 2 m  
r ec ei v i ng a n tenna wa s used a nd the re
c e i v e r  was phase- loc k ed to the i nco mi ng 
s i g na l . W i th a b a nd w i d th o f  2 k H z , the 
d y nam i c  s ig na l  r a ng e  was about 60 d B . 
Re c e i v ed s ig na l  s tr eng th wa s r e c o r d ed 
both g r a ph i c a l l y  a nd on mag net i c  t ape . 
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The d a ta w e r e  a na l y z e d  f o r  both s ig na l  
l evel a nd f ad i ng s t a t i s t i c s . F igu r e  4 - 5  
i l l u s t r a t e s  the r a ng e  o f  s ig na l  beha v i o r  
a nd f igure 4 -6 shows c um u l a t ive d i s tr i b u
t i o n s  o f  fade d u r a t io n s  f o r  e i g h t  d i f f e r
e n t  fad e l ev e l s . The obse rved dependence 
o f  fad e d u r a t io n  o n  time of day i s  g iv e n  
i n  �u r e  4 - 7 . Av e r a g e  fad i ng r a te v e r 
s u s  s i g na l  l e v e l  i s  shown i n  f igu r e  4 - 8 . 
A r epo r t  on the r e sul ts i s  i n  ed i to r i a l  
r ev i ew a n d  should b e  ava i l able b y  October 
1 9 7 6 .  

Opt ical A va i l ab i l i ty Mea s u r emen ts . A 
m ajor d e t e r r e n t  to e x tensiVe deployme n t  
o f  v i s i b l e  a nd nea r - i n f r a red rad i a t ive 
opt i c a l  c ommun i c a t i on sys tems is  uncer
t a i n ty a bo u t  the ava i l a bi l i ty of the 
c ha nne l in p a r t i c u l a r  g e o g r a ph i c  r eg i o n s . 
T h i s  i s  f undame n ta l  d e s i g n  i n forma t i o n  
w h i c h  m u s t  be obta i ned by ac tual f i eld 
measureme n ts . 

I n  o r d e r  to obta i n  opt i c a l  c ha nnel avai l
a b i l i ty mea s u r eme n t s , it is nec essa r y  to 
d evelop s u i t a b l e  techn i q ue s ,  mea s u r ement 
e q u i pme n t , a nd r e c o r d i ng devices for  d e
p l oyme n t  und e r  v a r i o u s  c l ima t i c  cond i 
t io n s . 

The pr ima r y  ac t i v i ty d u r i ng FY 7 6  wa s the 
d e s i g n  of tr a nsm i s some t e r  op t i c s ,  s e l ec
t io n  o f  appropr iate optical sources a nd 
d e tec to r s ,  a nd the d e s i g n  of a n a log sig
n a l  pr oces s i ng c i r c u i tr y . The data ac
q u i s i t i o n  sys tem ( s hown i n  f igure 4 - 9 ) to 
be used in  the se mea s u r em e n ts i s  a m i c r o
p r o c e s s o r - c o n tr o l l ed i n str ument wh i c h  
pe r f orms a l l  supe r v i so r y  f un c t i o n s  f o r  
t h e  se l f - c � l i br a t io n  of the o p t i c a l  
sys tem , the acqu i s i t i o n  o f  t r a nsm i s s io n  
d a ta , a nd c o n tr ol o f  the mag ne t i c  t ape 
c a r tr idge sys tem . Th i s  d e v i c e  was d e
v e loped u n d e r  a p r e v i o u s  c o n t r a c t .  

The o p t i c a l  po r t i o n  o f  the sys tem , shown 
i n  f i�ur e  4 - 1 0 ,  i n c l ud e s  a m i r r or-beam
splltt e r  a r r a ng em e n t  to a l low the opt i c a l  
a x e s  o f  t h e  t r a n sm i t t e r  a nd rec e i v e r  sys
t em s  to c o i nc id e .  I n  th i s  manne r , an op
t i c al s ig na l  is t r a n sm i t t ed , r e f lec ted by 
a c o r n e r  r e f l ec to r , a nd r e t ur ned a l o ng 
the sam e path a s  t he t r a nsm i t ted s ig na l  
t o  the r ec e i v e r . By u s i ng two c o r n e r  
r e f l ec to r s  a t  d i f f e r e n t  r a ng e s , a nd by 
u s i ng a g a ted r e c e i v e r ,  the sys tem i s  
made se l f - c a l i b r a t i ng i n  o r d e r  t o  c ompe n
s a t e  f o r  u nc e r ta i n t i e s  i n  the e ne r g y  c o n
t a i ned i n  the t r a nsm i t t ed p u l se s .  

The t r a n sm i t t i ng a nd r ec ei v i ng op t i c s  a r e  
both 1 3 5  mm t e l ephoto l e n se s .  A g a l l i um 
a r se n i d e  i n j ec t i o n  l a s e r  a nd s i l i c on 
a va l a nche pho tod iode we r e  r e spec t i v e l y  
c hosen f o r  u se a s  t h e  opt i c a l  em i t t e r  a nd 
d etec to r . 

The a na l og p r o c e s s i ng c i r c u i tr y  d eveloped 
by the p r og r am c o n s i s t s  of a pa i r  o f  
f a s t- r e sponse boxcar i n t eg r a to r s  a nd 



57. 6 GHz S i g n a  I A m p l i tude  

Ra in Rate 

\-- Durat ion 
1 2 min 

;:: Pea k  Rate f � 35 mm/hr 

Tota l Ra in  Acc umulat ion 
fo r S howe r 0.8 m m  

F igure 4 - 2 . Example of rain attenuation observed on a 9 0  rn path at 5 7 . 6  MIIz . 
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Effect of Oxygen Absorption 
on Received Powe r vs D ista nce 

{Norma l i zed at 1 km , for Dry A i r  at 27 °C ) 
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Figure 4 - 3 . I l lustration of the screening effect produced by the oxygen 
absorption l ine which peaks near 6 0  GHz . The received s ignals 
have been normal i z ed to be identical at 1 km . By 5 km the 6 0  GHz 
s igna l  is 6 0  dB be low the 5 0  GHz one . 

7 9  

5 



00 
0 

F igure 4-4 . Two demodulated 5 0 0  Mb/s binary data stream s of a 1 Gb/s data l ink after transmis sion 
over a 2 0 0  m test path at 3 0 . 3  GHz . Modulation is QPSK at a 1 Gb/s rate using a 2 GHz 
bandwidth . Horizontal def lection i s  4 nanoseconds per division . 



Figure 4-5 . 
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Examples of 9 . 6  GHz signal variations during periods of relatively 
shal low and relatively deep fading over a 1 2 0  km path extending 
from 10 m mean sea level on the I s land of Ha"Yra i i  to Mt . Haleakala , 
Maui , at 3 0 0 0  m e levation . 
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Figure 4 - 6 . Cumulative distribution o f  fade durations for the same path for 
the period January 1 9 7 3  - January 1 9 7 4  for four hours per day , 
a l l  months combined . 
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Figure 4 - B . Average fade as a function 
of s ignal level for the 
same path . All months and 
hours combined . 
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Figure 4 - 7 . Average fade nurations 
versus time of day for 
the same path . All 
months combinen . 

dB below hourly med ian 



Figure 4 - 9 . Microproces sor 
function for the 
data acquis ition 

control led ins trument which performs supervisory 
self calibration of the optical system in the 
system used for optical availability measurements . 

Figure 4 - 1 0 . Optical portion of the dita acquis ition system of figure 4 - 9  with 
beam spl itter in the foreground . 
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r a ng e-g a t i ng c i r c u i tr y  to s t e e r  the r e
t u r n  f r om each c o r n e r  r e f l ec tor i n to i ts 
r e spec t iv e  i n teg r a to r . H i gh- speed em i t
t e r-c o upl ed l o g i c  was u sed f o r  the r a n g e
g a t i ng f un c t i o n  s i nce the l o c a t i o n s  o f  
the peaks o f  the n a r r ow opt i c a l  p u l s e s  
need to be d e t e rm i ned v e r y  a c c u r a t e l y . 

The c ompl eted opt i c al system s , analog 
p r o c e s so r s , a nd data acqu i s i t io n  sys tems 
w i l l  be i n s ta l led at s i tes i n  Oa k R i d g e , 
Tennesse e , a nd S e a t t l e ,  Wa sh ing to n , i n  
add i t i o n  t o  the one i n  Bo u l d e r . Long
t e rm a va i l ab i l i ty s ta t i s t i c s  f o r  i n f r a r ed 
opt i c al c ha nnels w i l l  be g e ne r a t ed f r om 
data p r od u c ed b y  the se sys tem s . 

Da ta L i n k  T e s t s  f o r  VH F A i r  T r a f f i c  C om
m u n i c a t io n s-.--The�ema nd-s--f o r  VHF a � r  
t r a f f i c  c ommun i c a t ions h a s  m a r k e d l y  i n
c r ea sed d u r i ng the p a s t  d e c ad e . Fu r the r
mo r e ,  the d emand is l i kely t o  ac c e l e ra te 
i n  the next few ye a r s ,  par t i c u l a r l y  a s  
new a nd add i t i onal s e r v i c es a r e o f f e red . 
An examp l e  o f  t h i s  wo uld b e  the impl emen
t a t i o n  of a g r o und-ba sed c o l l i s i o n  avoid
ance sys tem , wh i c h  is  a new s e r v i c e  that 
wo uld r eq u i r e  ad d i t iona l c ommun i c a t i o n  
r e so u r ces . Because o f  the se d evelop
m ents , the Fed e r a l  Av i a t i o n  Ad mi n i s tr a
t i on has u nd e r taken a p r og ram to s tudy 
the f ea s ib i l i ty of i mp l emen t i ng a d ig i ta l  
d a t a  l i nk that wo uld l i nk a i r c r a f t  a nd 
g r ound f ac i l i t i e s  w i th a d ig i ta l  c ommu
n i c a t io n  sys tem . 

I n  conj u nc t i o n  w i th t h i s  s t ud y , ITS h a s  
unde r ta k en a p r o j ec t  t o  i nve s t i g a te the 
prob l ems a s soc i a t ed w i th d ig i ta l  t r a ns
m i s s ion i n  the VHF a e r o na u t i c a l  mo b i l e  
f r equency b a nd . A s e r i e s  o f  f l i g h t s  we r e  
m a d e  a t  t h e  FAA ' s  Na t i o n a l  Av i a t ion 
Fa c i l i t i e s  Expe r imen tal C e n te r i n  A t l a n
t i c C i ty ,  N e w  J e r sey , i n  wh i c h  d i g i tal 
t r a n sm i s s i o n  r a t e s  of 2 4 0 0  a nd 4 8 0 0  b/s 
were s t ud i ed .  The tests l a r g e l y  used 
e x i s t i ng a i r /g r o und c ommu n i c a t i o n  eq u i p
me n t .  M i n imum- sh i f t- k e y i ng ( MSK ) was 
used a s  the d i g i ta l  mod u l a t io n  f o rma t .  

The fl ig h t s  showed that 2 4 0 0  a nd 4 8 0 0  b/s 
t r a n sm i s s io n  r a t e s  c a n be suppo r ted w i th 
e x i s t i ng c ommu n i c a t i o n  equ i pment a t  an 
ave r ag e  b i t- e r r o r  r a t e near 5 X l o- 5 

Bo th d a t a  r a t e s  we r e  pe r fo rmed equa l ly 
wel l i n  t e rms o f  b i t- e r r o r  r a t e . Me a s
u r ements w e r e  a l so made on s ig na l  fad ing , 
the r ec e i v ed s ig na l  l ev e l , a nd the d i s
tance to the r ad io hor i z o n .  An examp l e  
o f  t he r ad io hor i zo n  mea s u r ements i s  
shown i n  f igure 4 - 1 1 . Ar r owhead s a r e 
u sed i n  the f i g u r e  to d e no t e  those 
l oc a t i o ns whe r e  the s i g na l  wa s totally 
lost  o n  o u tbound f l ights . Conve r s e l y  the 
c i r c l e s  d enote l o c a t i o n s  whe r e  s ig na l  wa s 
f i r s t  r ec o g n i zed on i nbound f l i g h t s . 
F igu r e  4 - 1 2  i s  a n  ex amp l e  o f  the s i g na l  
l ev e l  mea s u r ements that w e r e  made d u r i ng 
the p r o j e c t ,  a nd is f o r  those c ase s whe r e  
the t e s t  a i r c r a f t was between 0 and 6 0 0 0  
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f e e t  i n  a l t i t ud e .  Th e se r e s u l t s  a nd 
o the r s  a r e summa r i z ed i n  a f i na l  r e po r t  
to the spo n so r  ( FAA-RD- 7 6 -4 5 ) . 

The t e s t s  d emon str a ted that t he VHF c om
m un i c a t io n  med i um c a n  be more e f f i c i en t l y  
u t i l i zed w i th d ig i ta l  c ommun i c a t io n s . 
Da ta c o l l ec ted d u r i ng the t e s t s  w i l l  h e l p  
p r o v i d e  t h e  FAA w i th a ba s i s  f o r  d e c i d i ng 
wh i c h  f r equenc i e s  a r e  b e s t  s u i ted f o r  the 
d a t a  l i nk . The t e s t s  a l so s howed o th e r  
problem a r e a s  t h a t  n e e d  to be expl o r ed i n  
f u t u r e  wo r k . M o s t  n o t i c ea b l e  among these 
i s  the i nt r a-sys tem i nter f e r e nc e  that was 
expe r i enc ed b e tween voice c ommu n i c a t i o n s  
a nd d a t a  t r a n sm i s s io n s  d u r i ng c e r ta i n 
cond i t io n s . 

Rad i o  Sys t ems P e r f o rm'!_nc� S t ud i es ,  1 0 -3 0  
GHz . Th e sys tems a spec ts o f  t h i s  prog ram 
have b een d i sc u ssed in sec t i o n  2 . 3 ,  a nd 
i t  r ema i n s  to d i s c u ss the p r opag a t io n  a s
pec ts . As me n t i oned e a r l i e r , the i nc en
t iv e  for the s t udy l i e s  in the need to 
accommod a t e  wid e-band , h i g h  b i t- r a t e  sys
tems wh i c h  a r e  b ec om i ng i nc r e a s i ng ly d i f 
f i c ul t  t o  p l a c e  b e low 1 0  GHz i n  the f r e
quency spec tr um .  The pr opag a t io n  p r o b
l ems i n  the 1 0  t o  3 0  GHz  r eg i on i nc l ud e  
f ad i ng d ue to a tmo sphe r i c s tr a t i f i c a t i o n  
a nd t u r b u l enc e , a nd prec i pi t a t i o n  e f f ec t s  
( a ttenua t i o n  a nd depo l a r i z a t i o n ) .  Long 
l i ne-o f - s i g h t  l i nks in C o l o r a d o  p r o v i d e  
d i r ec t  exper imental d a t a  wh i c h  i s  s upple
men ted by o the r ava i la b l e  d a t a . 

A r epo r t  on a tmo sphe r i c  r e f r ac t i v i ty a nd 
prec i pi t a t i o n  s ta t i s t i c s  i s  n e a r l y  c om
plete . I t  w i l l  supplement p r e v i o u sl y  
pub l i shed r epor ts o n  r e f r ac t i v i ty g r ad i
ents a nd a tmosphe r i c c o n s i d e r a t i o n s  i n  
r ad i o  sys tem e ng i nee r i ng .  The new r epor t 
i nc l ud e s  c um u l a t iv e  d i s tr i bu t i o n s  o f  r e
f r ac t iv i ty g r ad i ents f o r  6 4  add i t i o n a l  
s ta t ion s ,  i nc l ud i ng 3 5  i n  t h e  southe r n  
hem i sphe r e , w i th c l ima tolog i c a l  s umma r i e s  
f o r  each s t at i o n , a nd r a i n f a l l r a te d i s
tr i b u t i o n s  for 2Y s t a t i o n s  in v a r i o u s  
pa r ts o f  the wo r l d . 

F igure 4 - 1 3  i l l u s tr a t e s  the d i ur na l  v a r 
� a tio ns-rn-the d i s tr ibu t io n  of s ummer r e
f r ac t iv i ty g r ad i ents f o r  a s ta t i o n  i n  the 
u . s .  M i d we s t  ( Da yton , O h io ) . Th e se g r a
d i ents a r e for the g r ound-based 1 0 0  m 
l aye r , a nd have a pronounced e f f ec t  o n  
the r e l i ab i l i ty o f  t e r r e str i a l  m i c r owave 
r ad io c ommu n i c a t io n s  s i nce the i nc idence 
o f  v a r io u s  f ad i ng phe nomena a nd m u l t i 
path i s  l a r g e ly d epend e n t  o n  the g r a d i e n t  
s tr uc t ur e .  �u r e  4 - 1� comp a r e s  c um u l a
t iv e  d i s tr i b u t i o n s  o f  r a i n f a l l  r a t e  f o r  
two U . S .  s ta t i o n s  ( S e a t t l e  a n d  Ur bana ) 
that have ne a r l y  the same to tal a nn u a l  
r a i n f a l l  amou n t s . However , the muc h 
l a r g e r  i n c id e n c e  of thund e r s torm- r e l a ted 
heavy r a i n  show e r s  for the Ur bana a r e a  i s  
r e f l ec t ed i n  the sub s ta n t i a l ly l a r g e r  
p e r c e n tag e s  o f  t ime d u r i ng wh i c h  heavy 
r a i n fa l l  o c c u r s .  As an exampl e ,  a r a t e  
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Figure 4 - 1 3 . Di s tribution o f  summer 
refractivity gradients for 
Dayton , Ohio , for the 
0 - 1 0 0  m ground-based l aye r .  
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o f  6 5  mm/ h r  i s  e x c eed ed d u r i ng 0 . 0 1 %  o f  
the t im e  ( 5 2  m i nu t e s  o u t  o f  o ne ye a r ) f o r  
U r ba na ; t h i s  r a t e  i s  s u f f i c i en t  to c a use 
seve r e  a t t e n ua t i on at f r equenc i e s  a bove 
1 0  GHz . Howeve r ,  for S e a t tl e ,  w i th the 
same t o ta l  annual r a i n f a l l ,  the pr ob
ab i l i ty--Qf oc c u r r e nc e o f  t h i s  r a i n f a l l  
r a t e  i s  neg l i g i b l e .  

Th e m e a s u r ements o v e r  the C o l o r a d o  l i nk s  
w i l l  b e  c on t i nued a nd a ugmen ted w i th 
t r a nsm i s s io n s  a t  1 5  a nd 1 8  GHz . F u r the r 
s t ud i e s  a nd t e s t s  o f  a tmo sphe r i c e f fec ts 
o n  d i g i ta l  c ommun i c a t io ns a r e  p l a nned . 

Long P a th P o l a r i za t io n . D u r i ng the pe r i
od Ma r c h  to Aug u s t  1 9 7 4 , the ITS made ex
pe r ime n ta l  me a s u r em e n t s  to s tudy the de
pola r i z a t io n  o f  X-b a nd s ig na l s  t r a n sm i t
ted ove r l i ne-o f- s ig h t  tr opo sphe r i c p r op
a g a t i o n  path s .  H o r i zo n t a l l y  a nd v e r t i 
c a l l y  po l a r i zed s ig na l s  w e r e  r e c e i ved 
s im u l taneo u s l y  on a ve r t i c a l ly-pol a r i z ed 
r ec e i v i ng a n tenna , a nd a na l og r e c o r d i ng s  
w e r e  made of the i r  f i e l d  s tr e ng th v a r ia
t io n s . S u b sequent data p r o c e s s i ng p r o
d uc e d  a r e c o r d  o f  the t im e  v a r i a t i o n s  i n  
the d i sc r im i na t io n  r a t i o o f  the two 
c r o s s-po l a r i z ed s ig na l s . The d a t a  a n a l 
ys i s  p r ov i d e s  a s ta t i s t i c a l  d e sc r i pt io n  
o f  t h e  obse r ved r a nd om r ed u c t io n s  i n  d i s
c r im i nat ion r a t io . Th e d e pt h ,  r a te o f  
o c c u r r e n c e , a nd d u r a t i o n  o f  the se r e d u c
t io n s  we r e  i nv e s t i g a ted , a l ong w i th the 
c o r r e l a t i o n  of the se s ta t i s t i c s  w i th the 
c o r r e spond i ng s t a t i s t i c s  of s i g n a l  f ad
fng . Th e se r e su l ts w i l l  b e  use f u l  i n  
e s t i ma t i ng bo th the p r o ba b i l i ty o f  o c c u r 
r en c e  a nd t h e  p r o ba b l e  e f f e c t  o f  the se 
r a nd om r ed u c t i o n s  i n  d i s c r im i na t io n  r a t io 
o n  the pe r f o rmanc e o f  m i c r owav e sys tems 
w h i c h  d epe nd o n  c r o s s-po l a r i za t i o n  f o r  
s ig na l  i so la t io n .  

S EC T I ON 4 . 2 .  CHARACTERIST I C S  OF THE 
TRANS M I S S I ON M E D IA 

Th i s  sec t i o n  i s  c o n c e r ned w i th the s t ud y  
o f  t r a n sm i s s ion med i a  to h e l p  t h o s e  who 
d e s i g n ,  c o n s t r u c t ,  o r  use t e l e c ommun i c a
t io n  s y s t em s  to b e t t e r  und e r s tand the 
c ha r ac te r i s t i c s  of the med i a  a nd the i r  
e f f e c t s  o n  r ad io s ig na l s .  W e  f i r s t  d i s
c u s s  the n o n- i on i z e d  a tmo sphe r e  and then 
the i o n o sphe r e . 

4 . 2 . 1 . Atmosphe r i c C h a r a c t e r i s t i c s  

M i l l im e t e r  Wave T r a n �m i s s ��� Spec t r o
� '  !Q to 1 4 0  GHz . The r e l a t iv e l y  
s ta b l e  d ry a i r m a s s  o f  t h e  f i r s t 8 0  km i n  
a l t i tude i s  a un ique f i l te r  a nd g e n e r a t o r  
over t h e  4 0  to 1 4 0  GHz f r eq u ency r a ng e  
w i th tr a n sf e r , sh i e ld i ng , a nd em i ss io n  
p r ope r t i e s  n o t  f o u nd a t  a ny l o w e r  f r e
quency . Th e se e f f e c ts a r e c a u sed by the 
m i c r owave spe c t r um o f  o xyg en ( 0  -MS ) , 
wh i c h  i s  a c ompl i c a t ed spec t r o s c o p i � j i g
saw pu z z l e  d u e  to mo r e  t h a n  36  i nd iv i d ua l  
l i ne s .  Th e s i g na l  r e sponse o f  the a tmo-
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sphe r i c p r opag a t i o n  c hannel i s  d e t e rm i ned 
by a c omp l e x  t r a ns f e r  f un c t i o n  due to the 
o 2-Ms , a nd the d ra s t i c  c ha ng e s  w i th a l t i 
tud e i n  the f u n c t i o n ' s  a t te n ua t io n  a nd 
phase d i spe r s io n  terms need to be known 
i n  some sys tems pe r f o rmance a n a ly s i s  a nd 
t e l ec ommu n i c at io n  p r ed i c t i o n  mod e l s . 

The d e sc r i pt i o n  of the o 2-Ms r eq u i r e s  a 
s e t  o f  o v e r  1 0 0  spec tr o s c o p i c  pa r amete r s ,  
m o s t  o f  wh i c h  had not been d e t e rm i ned 
w i th a d e q u a t e  a c c u r a c y .  H e n c e , s i nce the 
r ap i d  r a t e  of expa ns io n  of EHF sys tem 
a ppl i c a t i on s , the re hav e b e e n  s t r ong r ec 
omme nd a t i o n s  b y  the Na t io n a l  Acad emy o f  
S c i en c e s  ( 1 9 6 9 ) , b y  NASA a nd NOAA ( 1 9 7 1 ) , 
b y  Na t i o n a l  Sc i ence Found a t io n  ( 1 9 7 2 ) , by 
the I n te r -U n i o n  Comm i s s io n  on Ra d i o  M e t e
o r o l o g y  URS I - I UGG ( 1 9 7 5 ) , a nd by o th e r s  
to imp r o v e  the d a t a  ba se on the a tm o s
phe r ic o 2-Ms .  

T h e  o 2 -MS i s  formula ted a s  a c omp l e x  
t r a n s f e r  f u n c t i o n  i n  terms amena b l e  to 
sys tem eng i ne e r s  a nd is  s tud i ed under 
c o n tr o l l ed l abo r a t o r y  c o nd i t i o n s  s im u l a
t i ng a tmo sphe r i c pa r ame t e r s o f  p r e s s u r e  
a n d  temp e r a t u r e  ove r the f i r s t  8 0  km in 
a l t i tude . The spec t r oscopi c pa r ame t e r s  
o f  l i ne s t r e ng th ,  w i d t h , a nd po s i t i o n  a r e  
t o  be mea su r ed f o r  a s  many l i nes a s  
p o s s i b l e  w i th a c c u r a c i e s  o n  t h e  o r d e r  o f  
1 t o  2 p e r c e n t  a t  low p r e s s u r e s  ( < 1 0 0  
t o r r , whe r e  7 6 0  t o r r  equa l s  1 a tmo
s ph e r e ) .  The band shape i n t e n s i t i e s  a t  
h ig h e r  p r e ss u r e s  ( > 2 0 0  t o r r to 8 0 0  to r r )  
a r e  to b e  d e t e rm i ned w i th a c c u r ac i e s  b e t
t e r  than 5 p e r c e n t  a nd c ompa r e d  w i th a na
l y t i c a l  r e su l ts based upo n Ro se n k r a n z ' s  
b a nd s h a pe the o r y . A u n i que se t o f  3 6  
i n te r f e r en c e  c oe f f i c i e n ts needs t o  be d e
t e r m i ned f r om t h i s  compa r i so n .  A l l  spe c
t r o s c op i c  r e s u l ts a r e  then combi ned in an 
EHF t r a n s f e r  f un c t i on . The exper imental
l y  v e r i f i ed theory is d e sc r i b ed i n  terms 
of i ts v a r i a t io n  w i th r e spec t to tempe r 
a t ur e ,  p r e s s u r e , a n d  fr equency ; t h e  r e
s u l ts a r e  d i s c u s sed f o r  the i r  u s e f u l n e s s  
when tr e a t i ng problems o f  p r opag a t ion 
l im i t a t i o n s  impo sed by ( tu r b u l e n t ) a i r  
a nd remo te s e n s i ng o f  a tm o sphe r i c s t a t e s . 

I n  F Y 7 6  the f o l l o w i ng a c c ompl i shments 
w e r e  r e a l i zed : The spec tromete r ,  devel
o ped e a r l i e r  by ITS for  ac c omp l i s h i ng the 
o b j e c t i v e s  o u t l i ned i n  the p r e c ed i ng p a r 
a g r a ph , b e ne f i ted s tr on g l y  f r om a newly 
d e s ig ned , d ig i ta l , m i l l i m e t e r -wave phase 
m e t e r  ( s ee f ig.u r e  4 -1 5 ) . I n s tr ume ntal 
e r r o r s  t h a t  p l ag ued past mea s u r ements 
were r e d u c ed c o n s i d e r a b l y . 

Re s u l t s  o f  w i d th a nd s tr eng th pa r am e t e r s  
w e r e  o b t a i ned f r om r e f r ac t iv e  d i spe r s ion 
v e r s u s  p r e s s u r e  scans for 21 l i ne s .  Each 
pa r ame t e r  wa s d ed uced f r om s e v e r a l  hun
d r ed d a t a  po i n t s . The m i s s i ng pa r ame t e r s  
c a n  b e  p r e d i c t ed w i th i nc r e a sed c o n f i 
d e nce . 



Figure 4 - 1 5 . High re solution mi l l imeter-wave phase 
meter developed by Arthur Diede and 
Hans Liebe of ITS c apable of reso lving 
the phase of a 60 GHz s ignal to 2 X l o - 8 
degrees . 
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The c o l l ec t iv e  b e ha v io r o f  a l l  02 -M S 
l i n e s  a ppe a r s  a s  a n  u n s tr u c t u r ed b a nd a t  
s e a  l ev e l  c o nd i t i o n s , c e n t e r ed a t  6 0  GHz ; 
a nd the c o r r ec t  b a nd shape i s  g ov e rned by 
a s e t  of i n t e r f e r e n c e  c o e f f i c i e n ts . The 
h ypo the t i c al v a l u e  f 0 = 0 . 8  M H z / t o r r  fo r 
the n on r e so na n t  w i d th p r od uced the b e s t  
a g r e eme n t  b etween c al c u l a t ed a n d  m e a s u r ed 
( 5 3 to 6 4  GHz , 2 0 0  to 8 0 0 to r r )  i n tensi
t i e s .  

The sa l i en t  pa rame t e r s  o f  the a tmo sphe r i c  
0 2 -M S c a n  now b e  g i ven w i t h  some c on f i 
d e nc e .  T h e  a na l y t i c a l  sc heme , wh i c h  use s 
the se pa r ame t e r s  to p r e d i c t  m o l ec ul a r  
a t tenua t io n  a nd phase d i spe r s io n  b ased 
upon e a sy- to-mea s u r e  meteor o l og i c al v a r i
a bl e s ,  i s  d e s c r i b ed i n  a pape r ( i n 
p r e ss ) . Ano the r pape r ( a l s o i n  p r e ss ) 
e x p l o i t s the newly f o und EHF t r a n s f e r  
p r ope r ti e s  o f  t h e  c l ear a tm o sphe re qu i te 
g en e r a l l y .  Th e va r i a b i l i ty o f  a c ompl ex 
r e f r a c t iv e  i nd e x  wi th r e spec t to temp e r a 
t u r e ,  p r e ss u r e ,  a nd f r equency ( f ig u r e  4 -
1 6 )  w a s  a na l y z e d  b y  n ume r i c a l  expe r i
m e n t a t i o n  w i th the s ta t e - o f- the-a r t  the
o r y . Sys tem e ng i ne e r s  can f i nd the 
t r end s a nd e x t r em e  v a l u e s o f  the se se n s i 
t i v i t i e s  a nd t h u s  h a v e  a b e t t e r  f e e l  f o r  
the i nne r wo r k i ng s  o f  t h e  0 2 -MS .  

A tmo sphe r ic E f f e c t s , lQ to !Q GHz . W i th 
the p l a nned i nc r e a s e  i n  usag e o f  d ig i ta l  
s ys tems a nd t h e  r e- e x am i na t io n  of f r e
quency a l lo c a t i o n s  ( i n a n t i c i pa t i o n  of 
the two 1 9 7 7  Wo r l d Ad m i n i s tr a t i v e  Rad i o 
C o n f e r e n c e s  ( WARC ' s )  and the 1 9 7 9  Gene r a l  
WARC ) ,  a c l o s e r  l o o k  wa s wa r r a n ted f o r  
t he impa c t upon t e l ec ommu n i c a t i o n s  o f  
d i spe r s iv e  ( f r equency-depend e n t ) a tmo
s phe r i c e f fec t s . Th i s  i s  p a r t i c u l a r l y  so 
f o r  f r eq u e nc i e s  a bo v e  10 GHz a nd f o r  
s ys tems emp l oy i ng d ig i ta l  mod u l at i o n . 

Th e r e  wa s a need to e x t e nd p r e v i o u s  e f
f o r ts o f  mod e l i ng a tmo sphe r i c ef f ec t s  
( the a t t e nua t i o n , d i s to r t i o n , a nd d epo
l a r i z a t io n  of m i c r owav e s  by r a i n f a l l , 
c lo ud s ,  a nd the g a se o u s  a tmos phe r e )  and 
to d e t e rm i ne the i r  impa c t  upon m i c r o wave 
s ys t em p e r f o r mance for sa t e l l i te/g r o u nd 
l i nk s .  

I n  F Y7 6 , the the o r e t i c al m e thod f o r  e s t i 
m a t i n g  t he a tmosphe r i c d i s to r t i o n  o f  
m i c r owave s ig na l s  a nd of e v a l u a t i ng the i r  
d e g r a d a t ion o f  p e r f o rm a n c e  ( i nc r ea se o f  
b i t- e r r o r  r a t e ) f o r  CQPSK ( c ohe r e n t  
quad r a - pha se- s h i f t  k e y i ng ) sys tems wa s 
e x tended ; e va l u a t i o n s  we r e  c a r r i ed out 
for g r ound/ s a t e l l i t e sys tems o p e r a t i ng in 
the f r equency r a ng e f r om 10 t o  40  GHz . 
A l so , a r e po r t  wa s wr i t ten d e sc r i b i ng a 
p r e v i o u s  e x p e r i m e n t a l  s t udy o f  the 
a tmo sphe r i c e f f e c ts upo n a QPS K l i ne-of
s ig h t  pa th . 

F igu r e  4 -li shows the p l o t s  of a tm o sphe r
ic a t te n u a t i o n  v e r s u s  f r eq u e nc y  e x c e eded 
for the i nd i c a t ed pe r c e n t ,  p ,  o f  a l l  
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h o u r s o f  a n  a v e r a g e  yea r . Th e p r opa g a
t io n  pa t h  i s  f r om a g r ou nd s t a t i o n  a t  
W a s h i ng ton , D . C . , w i th a n  e l ev a t i o n  a ng l e  
8 = 2 7 °  t o  a g eo s ta t i o n a r y  s a t e l l i te .  The 
a t t e n ua t i o n  c u r ve s  for p < 0 . 2 %  a r e  g ov
e r ned p r i m a r i l y  by r a i n fa l l ;  the c u r v e s  
f o r  0 . 2 %�< 3 0 %  a r e  i n f l ue nced by c l o ud s  
a nd the g a se o u s  a tmo sphe r e . The c u r v e s  
f o r  p> 3 0 %  a r e  tho se d ue to t h e  g a s e o u s  
a tmo sphe r e . N o t e  that the " a tmosphe r i c  
w i nd o w "  i n  the v i c i n i ty o f  4 0  GHz i s  
ava i l abl e o n l y  i n  the a bsence o f  c lo u d s  
a nd r a i n .  F u r the r , t h e  d i s to r t i o n  o f  
m i c r ow a v e s  i s  p r opo r t i o n a l  p r im a r i l y t o  
t h e  s l o p e  o f  the se c u r ve s  a nd va r i e s  w i th 
a tmo sphe r ic c ond i t i o n s  ( the p v a l u e ) a s  
w e l l  a s  f r equency . 

An i nd i c a t i o n  o f  the d i s tor t i o n  e f f e c t i s  
s hown i n  f igu r e  4 - 1 8  whe r e  the b i t- e r r o r  
r a t e  ( BE R )  i s  pl o t ted a s  a f u n c t i o n  o f  
t h e  b a nd w i d th B .  F o r  a b a nd w i d th o f  0 . 1 
GH z a nd f o r  a r a t io o f  e n e r g y-pe r -b i t  to 
n o i s e p o w e r  d e n s i ty ( E/N 0 ) g iv e n  a s  1 5 . 0 3 
d B , t h e  BER i s  0 . 7 7 x l o - B . Th e c ur ve s  
then i l l u s t r a t e  t h e  mar ked i nc r e a se i n  
B ER f o r  a C QPS K sys tem a t  2 0  G H z  a s  the 
b a ndw i d t h  ( o r d a ta r a t e ) is i nc r e a sed . 
Th i s  i n c r ea se i n  BER i s  d ue s o l e l y  to 
d i s to r t i o n  by the a tmosphe r e , s i nc e  i t  i s  
a s s umed t h a t  the a v e r a g e  t r a n sm i t t e r  
pow e r  i s  b e i ng i nc r e a sed i n  p r o po r t i o n  t o  
t h e  b a ndw i d th i n c r e a se . T h e  a tm o sphe r i c 
c o nd i t i o n s  a nd p v a l u e s  c o i n c i d e  wi th 
tho se for the p r e v i o u s  f i g u r e . 

A n umb e r  of e x ampl e s  we r e  p r e pa r ed wh i c h  
i l l u s tr a te the a tmosphe r ic l im i ta t i o n s  
upon s y s tem p e r f o rmance and d e sc r i b e  how 
the c h o i c e  o f  a CQPS K d ig i ta l  sys tem 
b a nd w i d th ( o r d a t a  r a te ) for a spec i f i ed 
s ys tem p e r f o r m a nc e  ( BE R )  impo s e s  q u a n t i 
t a t i v e  r e qu i r em e n ts u p o n  t h e  d e s i g n  
c ho i c e s  o f  t r a nsm i t ter powe r ,  a n tenna 
s i z e ,  r ec e i v e r  n o i se f i g u r e ,  l i ne l o s s e s ,  
e t c . 

I n  FY7 7 I t  i s  p l a nned to ex tend the se r e 
s u l ts i n  s e v e r a l  ways . The me thod f o r  
e v a l u a t i ng the i mpac t o f  d i s to r t i o n  upon 
the BER o f  CQPS K sys tems w i l l  be ex tended 
to p e rm i t  eva l ua t io n  o f  the i mpac t of the 
k nown a tmo sphe r ic d i spe r s io n  f r om 4 0  to 
150 GH z ,  as a fun c t i o n  o f  b a ndw i d th and 
pa t h  l eng th f o r  both t e r r e str i a l  a nd a i r 
b o r ne p a t h s . A l so , the mathema t i c a l  ex
p r e s s i o n s  for the i mpac t o t  d i s to r t io n  
upo n BER w i l l  be ex tended to i nc l u a e  
o the r mod u l a t io n  sys tems . Fu r the r ,  f o r  
f r equency a l l o c a t i o n  pu r po se s ,  the 
d i spe r s i v e  a tmosph e r e  b e tween 1 5 0  and 4 0 0  
GH z ( wh i c h  i n c l u d e s  two w a t er-vapor 
r e so n a n c e  f r equenc i e s )  should be eval
uated a nd appl i ed f o r  f u t u r e  d ig i ta l  
s a t e l l i te sys tems o r  d i g i tal t e r r e s tr i a l  
s y s tems whe r e  sec u r i ty i s  impo r ta n t .  I t  
i s  hoped t h a t  t h i s  e v a l u a t ion w i l l  b e  
e x am i ned d u r i ng the n e x t  f i s c a l  year . 
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T ime-Va r ia n t  Channel L i m i t a t i o n s . The 
pe r f o r m a n c e  of f u t u r e  t e l ec ommun i c a t i o n  
s y s tems u s i ng h i g h  b i t  r a t e s  i s  d e t e r 
m i ned , i n  pa r t ,  by b o th t he fad i ng a nd 
d i sp e r s i v e  c h a r a c te r is t ic s  o f  the med i um 
t h r o ug h  wh i c h  the wave i s  p r opag a t ing . 
Fad i ng d i sp e r s i v e  c hanne l s  a r e  u s ua l ly 
b e s t  d e sc r ibed a s  r a ndom , l i near , t ime
v a r y i ng f i l te r s . Th e wo r k  o n  t h i s  p r o
j ec t  wa s d i r ec ted towa rd c h a r a c t e r i z i ng 
the t ime-va r i a n t  proper t i e s  o f  a c ommu
n i c a t io n s  c hannel for a rad i o  wave pr op
aga t i ng i n  a r a nd om tu r bu l e n t  m ed i um .  

T h e  d e t e rm i n i s t i c  v a r i a t i o n s  i n  the 
t r a n s f e r  f u n c t i o n  a ss o c i a t ed w i th l ong
t e rm a tmosphe r ic t ime v a r i a t io n s  ( i . e . , 
t e n s  to h un d r e d s  o f  s e c ond s )  a r e  c a used 
b y  w e a the r f r o n ts a nd d i ur na l  a nd season
a l  c h a ng e s  i n  p r e ss ur e ,  t empe r a t ur e ,  a nd 
w a t e r  vapo r p r e s s u r e .  O t t  and Thompson 
( 1 9 7 6 )  exami ned the e f fec ts o f  l o ng- t e r m  
t im e  v a r i a t i o n s  o n  t h e  tr a ns f e r  f u n c t ion . 
The r a ndom va r i a t io n s  i n  the t r a n s f e r  
f u n c t i o n  a s so c ia t ed wi th sho r t- t im e  v a r 
i a t io n s  ( i . e . , t e n ths to t e n s  o f  s e c o nd s )  
w e r e  s t ud i ed by Ot t ( 1 9 7 6 ) .  B o th pape r s  
a r e  sched u l ed t o  b e  pub l i shed i n  the 
November 1 9 7 6  i s s u e  I E E E  T r a n s . An t .  
P r o p . 

Rad i o  s ig na l s  f r om po i n t  s o u r c e s  i n  the 
m i c r owave spec t r a l  r e g i o n  a r e o b s e r ved to 
expe r i ence ampl i t ud e  sc i n t i l l a t i o n s  e v e n  
thoug h t he pr opag a t i o n  med i um i s  n on-a b
s o r b i ng a t  the s i g na l  f r e q u e ncy . The ef
f ec t  i s  a c onsequenc e  o f  the r a ndom spa
t i a l  v a r i a t i o n s  i n  the r e f r ac t i v e  i nd e x  
o f  t h e  m ed i um a nd h a s  b een tr e a t ed a t  
some l en g t h  i n  the l i te r a t ur e .  I n  c o n
t r a s t ,  i n  the m i l l im e t e r  spec t r a l  r eg i o n , 
a n  a b s o r p t i o n  m ec h a n i sm a s  we l l  a s  a 
s c a t te r i ng mecha n i sm occ u r s .  Th e d a s h
d o t  c u r ve i n  f ilu r e  4 - 1 9  shows the shape 
o f  the r ad io amp itud e spec t r a  e x pe c ted 
for the c a se of pr opag a t i o n  t h r o u g h  a 
t u r b u l e n t  med i um hav i ng a r e a l  r e f r ac t i v e  
i ndex . F o r  rad io f r eq u e nc i e s  nea r r e
g i o n s  o f  mo l ec u l a r  a b s o r pt i o n  ( e . g . ,  6 0  
GH z ) , t h e  abso r p t i o n  e f fec t i nc r e a s e s  the 
ampl i t ud e v a r i a b i l i ty . The abso r p t i o n  i s  
g en e r a l l y  a f unc t io n  o f  a tm o sphe r i c s ta t e  
a nd c ompo s i t io n . S i n c e  o n e  o r  bo th o f  
t h e  l a t te r  a r e  norma l ly r a nd om i n  b o th 
space a nd t im e , the p a t h  a t te n u a t i on 
v a r i e s  r a ndomly . B a sed on a va i l a b l e  i n
f o r ma t io n  on the expec ted s pec t r a l  sha pe s 
f o r  p r e s s u r e  a nd tempe r a t ur e ,  t h e  ampl i
t ud e  spec t r um f r om the a b s o r p t i on mec ha
n i sm s h o u l d  have the f o r m  WA ( f ) � f-8/3 
whe r e  f is  the f l uc tua t io n  f r equency , a s  
shown b y  t he v e r t i cal da shed l i ne i n  
f igu r e  4 -1 9 .  

T h e  t empo r a l  amp l i t ud e  spe c t r a  i n  f igu r �  
4 -1 9 a r e  mea s u r e s  o f  the Doppl e r  s p r e ad 
or--f r eq u e ncy d i spe r s io n  o f  a r ad i o  wave 
p r opag a t ing i n  a r a ndom t u r b u l e n t  m ed i um .  
T h e  r ec i pr oc a l  o f  the Doppl e r  spr ead i s  
a n  e s t im a t e  o f  the t ime se pa r a t i o n  b eyond 
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w h i c h  samp l e s  o f  the t r a ns m i t ted wave a r e  
i nd epe nd e n t .  T h e  t e r m  cohe r e nc e  t im e  i s  
f r eque n tly u sed to d e sc r i b e  the r ec i p
r o c a l  o f  Dopp l e r  spr ead . I f  the Dopp l e r  
s p r e ad , B ,  s a t i s f i es S T  > >  1 wh e r e  T i s  
the d u r a t i o n  o f  the i n forma t ion p u l se , 
s ev e r e  d i s to r t i o n  a nd p u l se spr ead i ng may 
occ u r . 

T h e  obj ec t i v e  f o r  F Y 7 7  i s  to pr e d i c t  the 
pe r f o r m a nc e  o f  t e l ec ommu n i c a t i o n  sys tems 
und e r g o i ng r a ndom time-v a r i a n t  c h a ng e s  i n  
the t r a n s f e r  f u n c t io n .  

Re f r ac t i v e  I nd e x  Mea su r ements . In c e r 
t a i n  pa r ts o f  the wo r l d , a tmo sphe r ic con
d i t i o n s  o f ten l ead to the f o r ma t i o n  o f  
p r opag a t i o n  d uc ts . At f r equenc i e s  c om
monly used i n  r ad a r s ,  these d u c t s  c a n  
s eve r e l y  d i s to r t  t he rad a r ' s  c o v e r ag e ,  
r e sul t i ng i n  " h o l e s "  o r  r eg i ons i n  w h i c h  
a t a r g e t  c o u l d  n o t  b e  de tec t ed a nd/or the 
appea r a nc e  o f  u nd e s i r ed b ac kg round echo e s  
f r om s e a  o r  l a nd s u r fa c e s  f a r  b eyond the 
i n tended r a ng e  of the sys tem . 

I n  eva l ua t i ng the p e r f o rmance o f  a r a d a r  
a nd i n  t h e  d e t e rm i na t i o n  of opt imum l o c a
t i o n s , the se pr opag a t io n  e f f ec t s  a r e  ex
t r emely c r i t i c a l . Two s uc h  a r e a s  we r e  
s t ud ied b y  I T S  d u r i ng FY76 a t  the r eq u e s t  
o f  USAF/ESD a nd RADC . 

T h e  ITS Model 5 a i r bo r ne m i c r owav e  r e
f r ac tome t e r  w a s  used to mea s u r e  a nd re
cord r a d i o r e f r ac t i ve i nd e x  a s  a f u n c t io n  
o f  he ig h t .  T h e  r e sul t i ng pr o f i l e s we r e  
u s e d  i n  r ay t r a c i ng prog rams to map the 
r a d a r  c o v e r a g e  e xpec ted for the pa r tic
u l a r  c o nd i t ions r ep r e se n ted by each p r o
f i l e .  

S h own i n  ( a )  o f  f igu r e  4 - 2 0  i s  a typi cal 
p r o f i l e  f r om a spo nso r - specif i ed reg i o n , 
wh i l e  ( b )  and ( c )  o f  the f i g u r e  i l l u s
t r a te the t wo typ e s  of pr opag a t i o n  e f 
f e c ts i n  t e rm s  o f  t h e  pa ths t a k e n  by s ig
na l s  l e a v i ng the t r a nsm i t t i ng a n tennas 
o v e r  a r a ng e  of ± 1 0 m i l l i r a d i a n s  i n  e l e
v a t i o n  a ng l e .  In ( b ) , the t r a nsm i t ted 
beam is d iv i ded i nto two pa r ts , l e a v i ng a 
r e g ion of g r e a t l y  r ed u c ed s e ns i t i v i ty i n  
i ts c o v e r ag e .  I n  ( c )  most o f  the e n e r g y  
h a s  b ee n  tr apped a nd m a y  be p r opag a ted 
o v e r  l ong d i s tanc e s ,  e . g . , h u nd r ed s  o f  
k i lome t e r s , g iv i ng r e t u r n s  f r om low-level 
and s u r fa c e  t a r g e ts b u t  w i th po s i t i o n s  
c o r r e spond i ng to h ig h  e l ev a t i on s . Th i s  
r e sul ts i n  the o c c a s io n a l  t a n k e r  b e i ng 
t r ac k ed a t , s ay , 2 0  K no t s  a nd a t  a n  a p
pa r e n t  a l t i t ud e  o f  7 0 , 0 0 0  f e e t . 

NOAA Rad a r  �o r t  P r ogJa � .  Th i s  wo r k  
w a s  und e r ta k en t o  a s s i s t  NOAA ' s  weather 
Mod i f i c a t i o n  P r o g ram Of f i ce in the i n
s ta l l a t i o n  a nd i n te r fa c i ng o f  r ad a r , nav
i g a t i o n , a nd o the r i n s t r umenta t i o n  i n  the 
NOAA P-3D a i r c r a f t ( u sed i n  co nnec t i o n  
w i th s e v e r e  s to rm wa r n i ng s  a nd wea the r 
mod i f i c a t i o n ) .  
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S e v e r e  sto rms a r e  o f  i n t e r e s t  i n  l i ne-o f
s ig h t  m i c r owav e  t e l ecommun i c a t i o n s  sys
t em s  in that the s to rms d i s r upt the c om
m un i c a t ion sys tem in t i me o f  need . F u 
t u r e  d a t a  wh i c h  w i l l  be ava i l a b l e  f r om 
N OAA w i l l  l end some i ns i g h t  to the s e v e r 
i ty o f  m i c r owave c ommu n i c a t ion o u t ag e s  
c aused b y  s u c h  s to rm s . 

The e f fo r t  i n  FY76 c on s i s ted p r ima r i ly o f  
a s s i s t i ng NOAA i n  the s e l ec t i o n  a nd i n
s ta l l a t io n  of r ad a r , Omega nav i g a t io n ,  
a nd o th e r  i ns t r um en t a t i o n  f o r  the P-30 
a i r cr a f t .  Th i s  e q u i pm e n t  w i l l  b e  used 
d u r ing the t r ac k i ng a nd mea s u r ement o f  
severe s to r m s . 

The rada r i s  a n  AVQ- 3 0C a i r bo r ne wea the r 
r ad a r  wi th 7 0  kW p e a k  powe r ,  6 �s p u l se 
l eng th a t  200 pps , a 3 0  dB a n tenna , a nd 
w h i c h  ope r a t e s  a t  a fr equency o f  5 . 8 5 
GHz . For a na lys i s  p u r po se s ,  r a w  v ideo 
w i l l  b e  r e c o r d e d  a nd d i g i ta l  v id eo i n  1 . 0  
d B  i nc r em e n ts w i l l  be r ec o r d ed on mag
n e t i c  t ape . T h e se data c a n  the n b e  
p l ayed bac k t h r oug h the d a t a  proc e s s i ng 
sys tem a nd be d i spl ayed on v id eo moni
to r s .  Se l ec t ed po r t i o n s  o f  t he d a t a  c a n  
then b e  ana ly zed i n  d e ta i l . 

Many o f  the o bs e r v a t i o n s  a re e xpec t ed t o  
be obta i ned f r om s ev e r e  s to r m s  a t  se a .  
The m a j or i ty o f  the p r ed i c t i o n s  now mad e 
f o r  m i c r owave t r a n sm i s s ion c ha r ac t e r is
tics t h r o ug h  the a tmo sphe r e  a r e  d epend e n t  
upon the m a s s  o f  d a t a  ava i l a b l e  f r om 
l a nd- based weathe r s ta t ions . Th e r e  i s  
c on s i de r a b l e  need f o r  d a ta t a k e n  a t  s e a  
f o r  u s e  i n  s h i p- to- s a tel l i te t r a n sm i s s io n  
p r ed i c t io n s . I t  i s  n o t  e xpec ted the 
m e a su r em e n t  r e su l ts w i l l  be a v a i l ab l e  b e
f o r e  J a n u a r y  1 9 7 7 . 

4 . 2 . 2 .  I o nosphe r i c Cha r ac t e r i s t i c s  
and Ef fec ts 

I o nosphe r i c  E f f e c t s  o n  T r a n s ionosphe r i c 
Rad io sTgnal s�Sc"int iiTa t lOn S s u f f icien t  
t o  d eg rade t h e  pe r formanc e  o f  sa tel l i te 
c ommun i c a t ion s y s t em s  have b e e n  detec ted 
up to the UHF b a nd at h ig h  l a t i t ud e s ,  up 
to 4 -6 GHz in the equa tor i a l  r eg i o n s , a nd 
a t  l ea s t  to VH F a t  tempe r a t e  l a t i tude s .  

A l tho ug h c o n s i d e r a b l e  k nowl edg e  i s  a va i l
a b l e  c onc e r n i ng s c i n t i l l a t i o n  e f f ec ts i n  
t h e  equa to r ia l  r e g i on a nd h ig h  l a t i t ud e s ,  
the r e  a r e  r e l a t i v e l y  f ew obse r v a t i o n s  o f  
m i d- l a t i t ud e  sc i n t i l la t io n s . The p r o j e c t  
obj ec t i v e  w a s  to ana l y z e  t h e  amp l i tude 
and phase mea s u r em e n t s  o f  the 4 0 , 1 4 0 ,  
a nd 3 6 0  MHz t r a nsm i s s i o n s  f r om the ATS-6 
r a d i o  beacon , t a k e n  by the Space Env i r o n
ment La bo r a to r y , NOAA , Bo ulde r ,  C o l o r ad o . 

Dur ing FY7 6 ,  a ppr opr i a te s ta t i s t ic a l  mo
d e l s  a nd s o f twa r e  we r e  d eveloped f o r  d e
termi n i ng the amp l i tude a nd phase d i s
t r i b u t i o n s  o f  the e x c u r s io n s  f r om the u n
d i s t u r bed s ig n a l , the S i nd i c e s  o r  i n ten-
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s i ty o f  the sc i n t i l la t io n s ,  a nd the am
p l i tude and phase spec t r a . 

The b a s i c  d a t a  w e r e  t a k e n  a t  1- sec ond 
i n te r v a l s  a nd the s t a t i s ti c s  a r e  c ompu t ed 
f o r  e a c h  5-m i nu t e  i n t e r v a l  u s i ng bo th the 
5-m i n u t e  mean ampl i t ud e a nd mean powe r 
a nd the 1 5 -m i n u t e  means c en te r ed on the 
5-m i n u te i n t e r v a l  b e i ng a n a l y z ed . I n  
add i t ion to the m e a n  ampl i tude a nd powe r , 
the s ta nd a rd d e v i a tion o f  the d i s tr ibu
tions a bo u t  the mean s ,  t he m i n imum a nd 
max imum powe r r a t io s ,  a nd the c um u l a t i v e  
p r o ba b i l i ty d i s tr i b u t i o n  o f  t h e  power a r e  
c omputed . 

To t e s t  the hypo the s i s  tha t t he t ime
v a r y i ng i r r eg u l a r  s tr u c tu r e  i n  the io no
s phe r e  i s  the c ause o f  s ig na l  d e g r ad a t i o n  
i n  sate l l i te c ommun i c a t io n s ,  t h e  v e r t i c a l  
i nc i d en c e  i o nog rams t a k e n  a t  Bo uld e r , 
C o l o r ado , we r e  exami ned i n  d e t a i l  for the 
mon th of Aug u s t  1 9 7 4 . 

Ce r ta i n  s a l i e n t  f e a t u r e s  a r e  o bse rved on 
the ionog r am s  d u r i ng s c i n t i l l a t io n s . The 
m o s t  impo r ta n t  of the se i s  the pr e se n c e  
o f  seve r e  spr e ad i ng i n  t h e  F l ay e r  bo th 
in f r equency a nd he i g h t .  Howeve r , t h e r e  
a l so appe a r s  to be a h ig h  c o r r e l a t ion b e
twe e n  the · o n se t  o f  sc i n t i l l a t i o n s  a nd the 
p r e senc e of he i g h t  s p r ea d i ng i n  b o th the 
Es a nd F l a ye r s ,  s tr ong ly b l a n k e t i ng spo
r ad ic E a nd many o b l i que ec hoe s .  

T h e  tempo r a l  ampl i t ud e  a nd p h a se spec t r a  
h a v e  b e e n  c a l c u l ated u s i ng a n  F F T  a l g o
r i thm f r om ampl i tud e a nd pha se r ec o rd i ng s  
t a k e n  e v e r y  sec ond f o r  the 4 0 ,  1 4 0 ,  a nd 
3 6 0  MHz beacon s i g na l s .  Spec t r a  a r e  
p r e sen ted over a seven- ho u r  time pe r 1oa 
f o r  two days e x h i b i t i ng r e l a t ively h ig h  
s c i n t i l la t ion a nd o n e  d a y  s h o w i ng r e l a
t iv e ly l ow s c i n t i l l a t io n .  On those days 
e x h i b i t i ng h i g h  sc i n t i l l a t io n ,  the ampl i
tude spec t r a  s how two d i s t i n c t  pow e r - l aw 
v a r i a t i o n s  sepa r a t ed by a sc i n t i l l a t ion 
" co r ne r "  f r equency a ppr ox i m a t e l y  equal to 
the v eloc i ty o f  the med i um t r a n sv e r se to 
the radio path d i v ided by the r ad i us ot 
the f i r s t  F r e snel e l l i pso id . The t ime 
f o r  wh i c h  spec t r a  a r e  p r e se n ted c o r r e
s ponds r oug hly to s un s e t i n  the F r eg ion , 
o r  one to two ho u r s  a f t e r  s u n s e t  on the 
g r ound . 

I n  o rd e r  to e xa m i n e  the e f f e c t s  o f  m u l t i 
path on i n ter symbol i n te r f e r enc e ,  a math
ema t i ca l  mod e l  for the c h a n n e l  s c a t te r i ng 
f un c t ion wi l l  be d e r i v ed i n  FY77 
c o r r e spond i ng to pe r iod s of high sc i n
t i l l a t ion . The pa r ame t e r s  c ha r ac te r i z i ng 
the sc i n t i l l a t i ng med i um t h a t  a r e  needed 
in the ma thema t i c a l  mod e l  for the sc a t
t e r i ng f u n c t ion w i l l  be i d e n t i f i ed . A l s o  
i n  FY7 7 ,  the r a d i o  f r eque ncy d e pendence 
o f  s c i n t i l l a t i o n  w i l l  b e  e x am i ned . 

Io���r i c  Da�� A n a lys i s .  Ionosphe r i c 
p a r amete r s  a r e c r i tic a l l y  impo r ta n t  to 



the l ong-d i s tance p r opag a t io n  o f  r ad io 
w a v e s  w i th f r equenc i es l e ss tha n 4 0  MHz . 
Th e se parame t e r s  a r e h ig h l y  var i a b l e  w i th 
t im e  a nd l o c a t i o n , s o  the i r  mea s u r em e n t  
a nd p r ed i c t io n  h a v e  b ee n  s tud i ed a t  I T S  
a nd i t s p r edec e s s o r  o r g a ni za t io n s  fo r 
many yea r s .  

I o no sphe r ic d a t a  a na l y s i s  i s  spo n s o r e d  by 
the Ai r Fo r c e  Geophy s i c a l  La bo r a t o r y .  
The o b j ec t i v e  o f  the p r o j ec t i s  to 
r e tr i ev e  b a s i c  data f r om approp r i a t e  d a ta 
s o u r c e s , s u c h  a s  NOAA ' s  W o r l d  Da t a  C e n
t e r , to pr o v i d e  d ig i t i zed v a l u e s  o f  spe
c i f i ed i o n os phe r ic pa ramete r s ,  a nd to 
analyze the se data to d e term i ne the i r  
l at i tud i na l , l ong i t ud i n a l , d i u r na l , a nd 
s e a s o n a l  v a r i a t io n s . 

I n  FY7 6 ,  t he d ig i t i z a t i on o f  the spec i
f i ed i o nosphe r i c d a ta has b een c ompl e ted 
and a d ra ft r epo r t  on the a na l y s i s  o n  the 
i o n o sphe r i c d a ta h a s  b een s u ppl i ed to the 
sponso r . The p u r po se of the s t ud y  was to 
e v a l ua te the p r o ba b i l i ty of spo r ad ic-E 
( E s )  o c c u r r e nce in the a r e a  of the n o r th
e a s t  U n i t ed S t a t e s , Ca nad a ,  a nd G r e en
l a nd ,  and to p r o v i d e  qua n t i t a t ive e s t i 
m a t e s  o f  t h e  l i k e l i ho od o f  s i m u l taneous 
E s  o c c u r r e n c e  a t  s e v e r a l  pa i r s  of  v e r t i 
c a l- i nc i d e nce i on os o nd e s  i n  th i s  a r ea . 
Th e spo ra d i c  E obse r v a t i o n s  used i n  t h i s  
s t udy we r e  mea s u r ed a t  Wa l lops I s l a nd , 
Vi r g i n i a ; O t t awa , S t . John s ,  a nd Goo s e
bay , Ca nad a ; a nd Godhavn a nd Na r s sa r s
s uaq , G r e e n l and f o r  the ye a r s  1 9 6 9 - 1 9 7 2 .  

T h e  c onc l u s io n s  o f  th i s  a na l y s i s  a r e  ( a s 
e x pec t ed ) that s po r ad i c  E o c c u r s  p r e
d om i na n tl y  i n  the summe r s e a so n  a nd d ay
t im e  ho u r s  for tempe r a t e l a t i t u d e s  ( Wa l
l o p s ) . Howeve r ,  t h i s  t r e nd tends to 
d i sa pp e a r  in the a u r o r a l  zone . Th e r e  i s  
s ome tendency f o r  spo r ad i c  E t o  o c c u r  
s im u l taneou s l y  a t  w id e l y  sepa r a t ed l o c a
t io n s  in the sub-a u r o r a l  a r ea , b u t  t h i s  
t endency i s  g r e a t l y  we a k e ned i n  t h e  a u
r o r al o v a l  r eg i o n . 

LF Da t a  A n a lys i s .  I n  o r d e r  to e s t i m a t e  
the pe r fo rmanc e o f  the M i n im um E s s e n t i a l  
Emerg ency Commu n i c a t i o n s  Netwo r k  ( MEEC N ) ,  
i t  i s  nec e ssa r y  to d e te rm i ne the t ime
a va i l a b i l i ty of e a c h  i nd i v id ua l  l i n k . 
Some l i nk s  i n  MEECN a r e  LF-VLF r ad i o 
l i n k s  who s e  t ime-ava i l a b i l i ty d epe nds o n  
t h e  tempo r a l  v a r ia t io n  o f  the s i g na l- to
no i s e  r a t io . Mod e l s  d ev e l o ped to p r ed i c t  
t h i s  r a t i o  r e qu i r e  mod e l s  o f  the i o n o
sphe r e  a s  i np u t , b u t  no i o n o sphe r i c  mod e l  
w h i ch v a r i e s  wi th the r e l ev a n t  g eo
phys i c a l  parame t e r s  was a v a i lab l e . 

Th i s  p r o j ec t  made use 
r eg i o n  p r o f i l e s  f r om the 
d ev e l o p  suc h a mod e l . 

o f  m e a s u r ed D
l i te r a t u r e to 

Th e pa ramete r s  of an " e xpo n e n t i a l  mode l "  
o f  the i o no sphe r e  w e r e  sc a l ed f r om o v e r  
5 0 0  p r o f i l e s c u l l ed f r om t h e  a v a i l a b l e  
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l i te r a t u r e ,  a nd a na l ysed u s i ng m u l t i 
pa ramete r l i near r e g r e s s i o n . 

T h e  r e s u l t i ng mod e l  i s  g iv en by the ex
p r e s s i o n  in �ur e  4 -2 1 .  

T h e  mod e l  wa s v a l ida ted by c ompa r i ng the
o r e t i c a l  f i e l d  s tr en g t h s , c ompu t ed u s i ng 
i t ,  wi th m ea s u r ed f i e l d  s tr e n g ths . 

Low� I o no sp��r i� Resea r c h .  Th i s  p r o j ec t  
c omb1 ned r e su l ts of the I TS pa r t i a l 
r e f l ec t i o n  s o u n d e r  d a ta f r om t h e  A l a s k a n  
I c e-C ap p r o g r a m  wi th o t he r  i o no sphe r ic 
m e a s u r ements f r om New Me x i c o  to d e t e rm i ne 
the h ig h- l a t i t ud e  l o w e r  ionosphe r ic b e
hav i o r  d ur i ng normal a nd a u r o r a l ly
d i s t u r bed p e r i od s .  

I n  F Y 7 6  the d e t a i l ed a na l y s i s  o f  pa r t i a l  
r e f l ec t i o n  sounder d a ta a c q u i r e d  i n  
A l a s ka d u r i ng t h e  DNA sponso r ed I C ECAP 
7 3 - 7 4  p r og rams c o nc e r ned w i t h  a u r o r a l ly 
d i s tur b ed a nd normal i o no sphe r e s  wa s c om
p l e ted a lo ng wi th a n a lys i s  of mea s u r e
m e n ts f r om wh i te S a nd s , New Me x i c o .  

A r e po r t  h a s  been wr i t te n ,  a nd i s  und e r  
r ev i ew ,  wh i c h  i nc l ud e s  a c ompo s i te analy
s i s  o f  the impac t o f  s tr on g l y  pe r t ur b i ng 
i onosphe r i c  e v e n ts on l ong-path pr opa g a
t i o n  mod e s  o f  c ommun i c a t i o n s  sys tems 
wh i c h  ope r a t e  at LF , VLF , a nd E LF f r e
quenc i e s . 

A c omp l eme n t a r y  p r o g r am t i t l ed J o i n t  
I o n o sphe r i c S t u d i e s  i s  spo n so r ed by� 
U . S .  Army E l ec tr o n i c s  Command . a nd c on
c e r ns the c om p l e t i o n  of i o nosphe r ic d a t a  
r e d uc t i o n  a nd a na l y s i s  o f  t h e  suppo r t  
d a ta t a k e n  d u r i ng a r o c k e t  mea su r em e n t  
p r og r am a t  t h e  W h i te Sands Mi s s i l e  Ra ng e .  
The d a t a  r ed u c t io n  a nd a n a l y s i s  have been 
c ompl e t ed and a r epo r t  to the spo n so r is  
in p r epa r a t io n . 

S E C T I ON 4 . 3 .  DEVE LOPM ENT AND 
I MP LEM ENTATION OF EM WAVE 

TRANSM ISS ION MODE LS 

I n f o rm a t i o n  a bo u t  EM wave T r a n sm i s s io n  
C h a r a c t e r i s t i c s , and t he c ha r ac te r i s t i c s  
o f  the t r a n sm i s s io n  med i a  a r e  i nc o r p o r 
a t ed i n to e ng i nee r i ng mode l s .  Th e se mo
d e l s  a r e  b e i ng d e v e l oped f o r  u s e r s  w i th i n  
and o u t s i d e  g ove r nme n t .  As i n  sec t i o n  
4 . 2 ,  w e  f i r s t  d i s c u s s  the non- i o n i z ed 
m ed i a  c a se s  a nd the n those pr ima r i l y  i n
f l ue n c ed by the i o nosphe r e .  

4 . 3 . 1 .  Atmo sphe r i c T r a nsm i s s i o n  Mod e l s  

� C ommu n i c a t io� �tern P e r fo rmance Mod e �  
1 s  o ne e x amp l e  of t h e  type o f  deve lopment 
e f f o r t  b e i ng c a r r ied o u t  by the I n s t i t u t e  
f o r  o t he r  g ove r nment a g e nc i e s .  

The spo n s o r  o f  t h i s  p r o j ec t ,  t he u . s .  
Army Commun i c a t ions-E l ec tr on i c s  Eng i ne e r 
i ng a nd I n s ta l l a t io n  Ag ency ( USAC E E IA ) , 



whe r e :  

and 

N ( h) = N exp (a ( h - h  ) ) ,  
0 w 

N ( h) i s  the D - r e gion e le ct r o n d e n s ity at height h ( km) ; 

7 
N = 1 . 43 ( 1 0 ) exp ( - 0 . 1 5 h ) ;  

0 w 

h
w 

= 7 1 . 9 6  - 7 ,  78 x 1 + 7 .  79 x2 - 1 .  2 0  x3 
- 0 ,  0 37 2  x4 - 7 .  0 6  x5 ; 

and 

a =  0 .  28 1 - 0. 1 34 x 1 + 0. 1 08 x2 - 0 ,  0 7 62 x3 + 0 ,  1 9 1  x5 ; 

x 1 = c o s  ( X) ,  whe r e  X i s  the s un ' s  z e nith angle;  

x = c o s  ( 8 ) ,  whe r e  8 i s  the latit ud e ;  2 
h 

m - 0 .  5 2 ) d x3 = c oscp, w e r e  ep =  1 2  ( n ,  an 

m is the mont h  n umb e r ;  

x = the Z u r ich s mo othed r e lative s un s p ot n umbe r ;  4 
x5 = 0 for quiet c ondit i o n s ;  x5 = 1 for d i s t u r b e d  c ond itio n s .  

Figure 4 - 2 1 .  Ionospheric mode l for use with MEECN 2 0 - 6 0  kHz c i rcuits . Model i s  
for all hours and a l l  latitudes . Disturbed in X �  i s  defined as 
K > 4 ,  riometer absorption > 0 . 5  dB or S I D  cond1 tion . 

p 
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h a s  wo r l d - w i d e  r e spo n s i b i l i t i e s  f o r  pl an
n i ng a nd i n s ta l l i ng Army l i ne-o f - s i g h t  
a nd t r oposc a t t e r  commu n i c a t ion sys tems . 

A c ommun i c a t i o n  s y s tem per fo rmanc e mod e l  
i s  b e i ng d e v e l oped wh i c h  w i l l  p r o v i d e  a 
v a r i e ty o f  u s e r - s e l ec ta b l e  forms o f  o u t 
p u t  i n f o r ma t i o n . At t h e  he a r t  o f  t h e  mo
d el i s  t he I TS po i n t- to-po i n t  r e f e r e nc e  
mod e l  f o r  p r ed i c t i ng b a s i c  t r a nsm i s s ion 
l o s s . T h a t  model r e qu i r e s  as i nput c e r
t a i n  d a t a  d e sc r ib i ng t he phys i c a l  c ha r a c 
t e r i s t i c s  o f  the p r opag a t ion path b etween 
the t r a n sm i t t e r  a nd rec e i v e r .  Th e se path 
d a ta are o b t a i ned by a ut oma t i c a l ly a c c e s
s i ng d i g i tal f i l e s  of t opog r a ph i c  d a t a , 
e x t r ac t i ng the nec e ssa r y  t opog r aph i c  i n
f o rma t i o n , a nd c a l c u l a t i ng the requ i r ed 
p a t h  p a r a m e t e r s .  

T h e  type s o f  o u tp u t  d a ta wh i c h  may b e  
s e l ec ted b y  t he mod e l  u s e r  wi l l  i n c l u d e  
s imple pa th t e r r a i n  i n fo r ma t i o n  o b t a i ned 
f r om the d ig i tal t opog r aph i c  f i l e s , b a s i c  
t r a n sm i s s io n  l o s s ,  a nd u t i l i za t i o n s  o f  
t he b a s i c  t r a nsm i s s io n  l o s s  to c ompu t e  
p o w e r  d e n s i ty a nd r ec e i v ed s i g na l  l evel . 
Al l o utput d a t a  w i l l  b e  a va i l ab l e  i n  tab
u l a r  a nd p l o t ted forms a t  the c h o i c e  o f  
t h e  mod e l  u se r . Th e ul t im a t e  f o rm o f  
o ut pu t  d a t a  w i l l  b e  equa l - v a l ue c o n to u r s ,  
a b o u t  the t r a nsm i t t e r  l o c a t ion , o f  b a s i c  
t r a n sm i s s i o n  l o s s , power d e n s i ty , o r  r e 
c e i v ed s i g na l  l e v e l  impo sed upon a g eo
g r aph i c a l  map n o t  to e x c eed 2 °  long i t ud e 
by 2 °  l a t i t ud e ,  a l so g e n e r a ted by t he mo
d el .  A f i na l  type of o ut pu t  d a ta w i l l  b e  
p r ed i c t io n s  o f  " q ua l i ty o f  s e r v i c e "  d e 
t e r m i ned b y  p r ed i c t i ng t h e  p r o ba b i l i ty 
t h a t  r e c e i v ed s ig na l  l ev e l  w i l l  equal o r  
e x c eed a spec i f i ed t h r e sho l d . 

Th i s  p r o j ec t ex tends i n to FY7 7 .  Th e r e  i s  
a need fo r improved a n te nna mod e l s  f o r  
u se i n  t h i s  m od e l  a nd o the r A r my mod e l s , 
a nd a need f o r  c apa b i l i t i e s  f o r  ha nd l i ng 
a nd ut i l i z i ng topog r a ph i c  d a t a  wh i c h  a r e  
c o n s i d e r a b l y  m o r e  d e ta i l ed than the d a t a  
p r e se n tl y  b e i ng used . 

Ano the r e x am p l e  o f  mod e l  d e ve lopmen t f o r  
t he Army wa s E u r opea n  W i d eb a nd Commu n i 
c a t i on Sys t em P e r formance -a t  S H F . Th e 
u.s. Army Commu n i c a t i o n s  Command a t  F t .  
H u a c h uc a ,  Ar i zo n a , h a s  a need f o r  a 
FORTRAN I V  comp u t e r  p r e d i c t ion mod e l  f o r  
the i r  C DC 6 5 0 0  c omp u t e r  f o r  m a k i ng p e r 
f o rmance p r e d i c t io n s  f o r  LOS ( 8  t o  3 0  
GHz ) systems i n  E u r ope . 

F r om the ava i l a b l e  e xpe r imental d a t a  and 
t he o r e t i c al f o r m u l a t i o n s  for r a i n s to rm 
s tr uc t u r e  a nd c e l l  s i z e , r a i n f a l l  p r ed i c
t io n s , a nd the impa c ts o f  r a i n fa l l ,  a 
p e r f o r ma n c e  p r ed i c t io n  p r oc ed u r e  f o r  the 
EWCS at 8 to 3 0  G H z  was f o rmu l a t ed a nd 
c ompu t e r  p r o g r amed . The p r oc ed u r e  w i l l  
a c c ommod a t e  the i nputs o f  p a t h  l en g t h , 
ope r a t ing f r e quency , a n d  a ppr opr i a t e  
r a i n f a l l  s ta t i s t i c s .  The o u t p u t s  w i l l  

9 9  

be : t h e  r a i n fa l l  pa th l o s s  a nd i ts v a r 
i a t i on f o r  a g i v e n  path . 

Du r i ng FY7 6 mo s t  s ubpr og r am s  for the 
f i n a l  s o f twa r e  pac k a g e  have b een p r e
pa r ed , a nd the method ology f o r  the d e ter
m i na t i on o f  the v a r i a nc e s  o f  s ta t i o n  
convec t iv e  s torm ac t i v i ty have been ob
t a i ned . F r om the se , t he n , the ma thema t i 
c a l  p r o c ed u r e  f o r  c a l c u l a t i ng t h e  r a i n  
r a t e  v a r i a nc e ,  and , t h e nce , pa th l o s s  
p r ed i c t ion v a r i a nc e  h a v e  b e e n  e s tab
l i shed . Fur the r , f r om the a v a i lable h i s
t o r i c a l  d a t a , the t empo r a l  ( ye a r - to-y ear ) 
v a r i a n c e  o f  r a i n f a l l  h a s  been d e t e rm i ned 
f o r  the m e t eo r o l og i c a l s ta t i o n s  of Eur ope 
a nd h a s  been u sed a s  the b a s i s  of p r e
d i c t i ng ( a t  the Y O % l ev e l )  the r a nge of 
r a i n f a l l  d i s tr i b u t io n s  for an a v e r ag e  
y ea r . 

F�gur e  4 - 2 2  r ep r e se n ts the c ompa r ison of 
t e p r e d 1 c t ion of the a v e r a g e  annual d i s
t r i b u t i o n  of r a i n f a l l  r a te s ,  o b t a i ned v i a  
the mod i f i ed Ri c e-Holmberg mod e l  ( Du t to n ,  
Do ug he r ty ,  a nd Ma r t i n ,  1 9 7 4 , USACC Tec h .  
Repo r t  No . ACC-AC0- 1 6- 7 4 ) ,  w i th pu rpor ted 
" long - t e r m "  d a t a  t a k e n  by the Weathe r 
B u r e a u  o f  the Fed e r a l  Repub l i c  of Ger
m a ny . Th e se pa r t i c u l a r  r e s u l ts a r e f o r  
H a m b u r g  i n  the FRG , a nd a r e  r e p r e sen ta
t iv e  of se v e r a l  meteoro log i c a l  s ta t i o n s  
t h a t  a r e  a v a i l able . Happ i ly , the d a t a  
a r e  s t i l l  w i th i n  p r ed i c t i o n  90n f i d e n c e  
l im i ts .  Da shed l i ne s r ep r e se n t  t h e  p r e
d i c t i o n  of the c o n f i d ence l ev e l  of the 
p r e d i c t i o n ba sed on an a s s umed norma l 
d i s t r i bu t ion a bo u t  the m ea n .  Th e se 
d a shed l i n e s  e n c l o s e  a 9 0 %  c o n f idence i n
t e r v a l . 

T h e  p r e d i c t i o n  of v a r i a nc e  and s t a nda rd 
d ev i a t io n  o f  r a i n fa l l  r a t e s ,  a nd , hence , 
p a t h  l o s s ,  r e p r e s e n t  a n  advanced a nd 
p io n ee r i ng e f f o r t  i n  t h i s  r eg a rd , so f a r  
a s  w e  a r e  awa r e , to a t tach a q ua n t i ta t i v e  
v a l ue to t h i s  h ig hly u np r e d i c table 
m e t eo r o l og i c a l  qua nt i t y . 

B e c a use v e r y  l i t t l e  was known r eg a r d i ng 
p r opag a t ion a t  VHF a nd UHF w i th a n tennas 
n e a r  the g r ound , a n  e x tended mea s u r ement 
p r og r am was pl anned a nd c ar r i ed out in 
1 9 7 3  a nd 1 9 7 4 . The obj ec t iv e  was to show 
t h a t  a s e n s o r  commu n i c at ion sys tem may 
o p e r a t e  w i th -a n tenna s p l a c ed vir tua l ly a t  
g r ound l ev e l . Da ta w e r e  o b t a i ned a t  1 7 2  
a nd 4 1 0  M H z  a t  v a r io u s  t im e s  o f  day , and 
s e a son s ,  over seve r a l  typ e s  of t e r r a i n .  

W e  c a r e f ul ly e v a l u a ted , s umma r i zed , and 
a na ly z ed the se d a t a , a nd compa r ed the r e
s ul ts wi th v a l u e s p r ed i c ted u s i ng sev e r a l  
m od e l s  o f  r ad io pr opag a t i o n  o v e r  i r r eg u 
l a r  te r r a i n .  The d a t a , e spec i a l ly a t  the 
l ow e r  f r equenc y , c l e a r l y  s how t h a t  the 
power r ec ei v ed ove r the se r e l a t ively 
shor t pa ths ( l e s s  than 7 km long ) tend s  
t o  r ema i n  p r ac t i c a l l y  c o n s t a n t  f r om one 
h o u r  to the n e x t  f o r  pe r iod s of 1 6  hour s 
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o r  mo r e , a nd that the c ha ng e  f r om o ne day 
to a no the r r a r e l y  e x c e e d s  5 o r  6 d B . The 
sho r t- t erm o r  w i t h i n- the-hour va r ia b i l i ty 
i s  smal l ,  a l so ,  w i th a v a r i a nc e  that i s  
u s u a l l y  much l e s s  than 1 d B .  Somewhat 
more v a r i ab i l i ty in r ec e i v e d  power wa s 
obse r v ed at UHF . 

Al though the v a r iabi l i ty w i th t ime i s  
smal l ,  l a r g e  pa th- to-pa th d i f f e r ences o f  
4 0  t o  4 5  d B  w e r e  c ommo n . Th i s  l a rg e  lo
c a t ion va r ia b i l i t y  is a s so c i a ted w i th t he 
v e r y  l ow a n tenna he i g h t s , whe re sma l l  
obs tac l e s  i n  the immed i a te fo r eg r o u nd 
par t i a l l y  b l o c k  t he s i g na l . 

M e a s u r e d  t r a nsm i s s i o n  l o s s e s  we r e  c om
pa r ed w i th v a l u e s  p r ed i c ted u s i ng sev e r a l  
m od e l s  o f  r ad i o p r opag a t i o n  ove r i r r e g u 
l a r te r r a in . The La ng l ey-Ri c e  ( E SSA 
Techn i c a l  Repo r t  ERL- 7 9 , ITS 6 7 )  a r ea 
p r ed ic t i o n  mod e l  p r oved u s e f u l  f o r  t h i s  
t yp e  o f  c ommun i c a t i o n , e x c ept t h a t  th i s  
m od e l  ma k e s  n o  spec i f i c  al lowance f o r  the 
e f f e c t s  o f  t r e e s .  I n  a heav i l y  f o r e sted 
a r ea , a d d i t i o n a l  l o s se s o c c u r , espec i a l l y 
a t  the h ig h e r  f r equenc i e s . In a n  a r ea 
whe r e  many of the t e r m i n a l s  were l o c a ted 
c l o se to t h i c k s tands o f  e v e r g r een tr e e s , 
the ad d i t i ona l l o s s  was a b o u t  5 and 1 3  dB 
at 1 7 2  a nd 4 1 0  M Hz , r e spec t ively . The 
a d d i t i o n a l  a t te n u a t i o n  a l so d e pends o n  
the d e n s i ty a nd h e i g h t  o f  the f o r e s t  a nd 
how c l o se i t  i s  to the path t e r m i na l s . 

T h e  a t tached f i g u r e s  show c ompa r i sons b e
tween measur ed a nd p r e d i c ted v a l u e s .  
F igu r e  4 - 2 3  shows med i a n  v a l u e s  o f  b a s i c  
t r a n sm i s s i o n  l o s s  a t  1 7 2  a nd 4 1 0  MHz , 
w i th bo th a n tennas 0 . 3 5 m a bove g r ound 
l ev e l , comp a r e d  w i t h a r e a  pred i c t i o n  
c u r ve s .  F igu r e  4 - 2 4  shows the d i f f e r
e n c e s  between measu r ed a nd p r ed i c ted 
l o s s e s  f o r  i nd i v i d u a l  paths u s i ng path 
parame t e r s  w i th a n  a l lowa nc e  for tr e e s . 

I n  F Y 7 6  we c omp l e t ed a nd pub l i shed the 
f i nal r e po r t  on th i s  p r o j ec t ( OT Repo r t  
7 5 - 7 4 ) .  

4 . 3 . 2 .  I o n o sphe r i c T r a n sm i s s io n  Mod e l s  

Comp u t e r  p r og r ams d eve l oped b y  ITS f o r  
p r e d i c t i ng i o n osphe r i c t r a n sm i s s i on a nd 
the pe r f o rmance o f  HF r ad i o sys tems a r e  
u se d  b y  g o v e r nment ag enc i e s a nd c om
m e r c i a l  f i rms i n  the U . S .  a nd othe r na
t i o n s . A c o n t i n u o u s  p r o g r am is c a r r i ed 
o n  to upg r ade a nd e x pa nd p r ed i c t ion se r
v i c e s  to f i t  use r need s . 

One o f  the FY7 6 p r o j e c ts i n  t h i s  a r ea wa s 
t he HF B r o ad c a s t  Comp���i�� s t ud y ,  
c ond u c ted f o r  the Vo ice o f  Am e r ica ( VOA } . 

E v a l u a t io n  o f  HF s ky-wa v e  p r e d i c t i o n s  ( a s 
u sed f o r  VOA sched ul i ng ) w i t h emph a s i s  o n  
t h e  eva l u a t ion o f  t h e  b r oad c a s t  compa t i
b i l i ty p r og ram d e v e l oped i n  FY7 5 ,  was 
c a r r i ed out . 
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Impo r ta n t  pa r ts o f  the H F  p r ed ic ti o n s , 
e . g . , d a y-to-day v a r i a t i o n s  o f  HF s i g na l  
l ev e l s ,  we r e  c ompa r e d  w i th a c t u a l  obser
v a t io n s  o n  l o ng c i r c u i t s to c hec k t he 
a c c u r a c y  o f  HF mod e l s . P r ed i c ted d ay-to
d a y  v a r i a t ions show a c c eptable ag reement 
w i th obse r v a t i on s .  Ov e r a l l  a g r eement be
tween p r e d i c ted a nd observed v a l u e s  i s  a s  
y e t  unc e r ta i n  d u e  t o  l ac k  o f  obse r va t ion
a l  d a t a . 

Th e o ve r a l l  c ompa r i son o f  the mod e l  a nd 
the obse r v a t i o n s  wa s made av a i lable to 
VOA o n  a t ime- s h a r e  c ompu t e r . Fu t u r e  
c ompa r i s o n s  c a n  n o w  be m a d e  by VOA d i
r ec tly by t ime- s ha r e  a c c e s s  to the mod e l . 

A l ong w i th the a bove p r og r am was the De
v e lopm en t � I mpr oved r•wdel s f o� Nu l t inop 
P r opaga t i o n , a l so spo n s o r e d  by VOA . 

The pe r f o rmance o f  HF c ommu n i c a t ion sys
tems is s tr o ng ly d epend e n t  o n  the r e
f l ec t io n  p r ope r t i e s  o f  the i o nosphe r e , 
w h i c h  v a r y  sys tema t i c a l ly w i th hour , s e a
son , s o l a r  cyc l e , a nd g e o g r a ph ic loca
t io n .  The Vo i c e  o f  Ame r i c a  has r e l i ed 
e n t i r e l y  on the c ompe tence o f  OT/ITS f o r  
d evelop i ng g l obal io nosphe r i c mode l s  f o r  
p r e d i c t i ng i on i za t ion l ev e l s  i n  the v a r i
o u s  r eg i o n s  o f  the i o nosphe r e . It has 
a l so been o u r  r e spo n s i b i l i ty to apply 
the se i o n osphe r ic mod e l s  to the d e velop
men t o f  p r opag a tion mod e l s  f o r  e s tima t i ng 
sys tem p e r fo rmance c r i te r i a  s u c h  a s  r e
l ia b i l i ty ,  f i el d  s t r e ng th ,  a nd compa t i
b i l i ty f o r  l ong-d i s tanc e ,  h ig h- f r equency 
r a d io s y s t ems . Impr oved mod e l s  ior e s ti
m a t i ng H F  sys tem per f o rmance enable the 
U n i ted States Information Ag ency to more 
e f f ec t ively d e t ermine optimum a s s i g nments 
o f  fac i l i t i e s  a nd f r equenc i e s  for VOA 
b r oad c a s t  c i r c u i t s . 

A comp l e t e  p r o g r a m  f o r  the p r e d i c tion o f  
r ad io s y s t em p e r f o rmance ha s b e e n  w r i t
ten . Th i s  i n c l u d e s  the s ta nd a r d  output 
f o rm a t  as used in HFMUFES ( r el iab i l i ty ,  
pe r c e n t  o f  d ays , e tc . ) .  � h i l e  any two 
l oc a t io n s  in the wo r l d  c a n  b e  u sed , the 
mod e l s  in th i s  p r og r am a r e  not i n tended 
f o r  l o ng pa ths . The p r og r am was wr i tten 
in such a wa y that all s u b sec t i o n s  a r e  
mod u l a r , a nd mod i f i c a t i o n s  may b e  made 
w i thout i nvolv i ng a ma j o r r ec ed i ng o f  the 
e n t i r e  prog ram . 

A mod e l  f o r  very l ong paths wh ich d o e s  
n o t  d epend on f i nd i ng t h e  p r ec ise mod el 
s t r uc tu r e  has been d eveloped a nd p r o
g r amed . Th i s  i s  the f i r s t  c omput e r i z ed 
v e r s i on of the se p r ed i c tion me thod s ,  
w h i c h  have a h i s to r y  bac k i n to the 
1 9 4 0 ' s .  Ve r i f i c a t i o n  of the c ombi ned 
p r o g r am w i l l  be c a r r i ed on in the next 
f i s c a l  ye a r .  
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S EC T I ON 4 . 4 .  PRE D I C T I ON OF TRANS M I S S I ON 
PARM1 ETERS AND S YSTEM PE RFORMANC E 

C omp l e ted e ng i ne e r ing mod e l s  f o r  EM wave 
t r a n sm i s s i o n  c a l c u l a t i o n s  a r e  d e l i v e red 
to spons o r ing a nd reque s t i ng a g e n c i e s  for 
the i r  u se . Fo l l o w i ng are r ep r e se n t a t i v e  
u s e s  o f  the se se r v i c e s . 

4 . 4 . 1 .  Long-T e r m  I o nosphe r i c P r ed i c t ions 

T h e  US IA/VOA , i n  ma i n ta i n i ng i ts wo r l d
w i d e  b r o ad c a s t s  o n  h igh f r eq u e nc i e s , r e
q u i r e s  r eg ul a r  pred i c t io n s  o f  " c i r c u i t "  
pe r f o r m a n c e  fo r i ts t r a n sm i s s io n s  a s  r e
ce i v ed i n  the a pp r op r i a t e  t a r g e t  a r e a s .  

The Rad i o  P r op_'!.2t i o n  .!:£_ed�c t i o n s  p r o j ect 
was s e t  up to p r ov i d e  the VOA w i th the 
f o l l ow i ng HF p e r f o r ma n c e  p r ed i c t i o n s : 
( 1 )  f o r  a b o u t  1 5 0  b r o ad c a s t  c i r c u i t s a t  
l ea s t  s e v e n  months i n  advance f o r  a l ter
na t e  month s ; ( 2 )  f o r  30  s e l ec ted VOA c i r 
c u i ts , o n e  month i n  a d va n c e ,  f o r  each 
m o n th ; a nd ( 3 )  f o r  the same months as i n  
( 1 ) , above , f o r  c i r c u i ts f r om T i nang , 
Kava l a , G r eenv i l l e , a nd Woo f e r ton that 
make a s e l ec t ion of the opt imum a n tenna . 

E a r l y  i n  the f i s c a l  ye a r  c on s i d e r a b l e  ef
f o r t  wa s spe n t  i n  conve r t i ng the p r o g r ams 
f r om the C DC 3 8 0 0  to the 6 6 0 0 .  F i l e s  
have now been s e t  u p  t o  a l l o w  r eady ac
c e s s  to the p r og r am e i the r for l o c a l  
b a t c h  p r o c e s s i ng o r  f o r  u se o f  a r em o te 
T e l e x  t e rm i na l . 

P r e d i c t i o n s  r equ i r ed we r e  d e l i v e r ed o n  
s c hed u l e .  US IA/VOA h a s  m a d e  u se o f  the 
r emote a c c e s s  opt i o n  f o r  spec i a l c i r 
c u i ts . 

VOA need f o r  HF p r e d i c t io n s  con t i n u e s , 
a nd i t  w i l l  be f i l led as i n  the pa s t .  
A t t e n t i o n  w i l l  b e  g i ven t o  impr ov i ng the 
s e r v i c e  a nd the p r ed ic t ions them s e lve s a s  
s u c c e s s  i n  o the r p r o j e c t s  make i t  
po s s i b l e . 

Along w i th th i s  p r o j e c t ,  I TS p r o v i d ed 
C o n su l t a t i v e  a nd Adv i so ry S e r v i��� to the 
U . S .  I n fo rma t io n  Ag ency i n  the f o r m  o f  a 
3 -v o l ume r e po r t  to h e l p  VOA ' s  l ong- term 
p l a n n i ng f o r  i n te r na t i o na l b r oad c a s t ing . 
I n c l uded , a l so , we r e  p r ed i c t io n s  o f  7 5  
s pe c i a l  c i r c u i t s  f o r  t h r e e  s e a s o n s  a nd 
t h r e e  l e v e l s  o f  s o l a r  a c t i v i ty .  

Th e r e  a r e  many g o ve r nment a g e n c i e s  a nd 
i nd u s tr i e s  w h i c h  u s e  the Num e r i c a l  P r e-----·-·-
d ic t ion S e r v i c e s .  Th i s  p r o j e c t  p r o v i d e s  
n um e r i c a l  c oe f ftci ents , HF r a d i o  p r opaga
t io n  p r ed i c t ions , c ompu t e r  p r og r ams , a nd 
o the r mate r i a l s , e . g . , maps a nd repo r ts , 
a s  r eque sted , on a c o s t  r e imbu r sa b l e  
b a s i s . 

I TS p r ov i d ed monthly p r ed i c t i o n  n um e r ic a l  
c oe f f i c i en ts f o r  f o F 2  a nd M ( 3 0 0 0 ) F 2 to 
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appr ox i m a t e ly 1 4  y e a r l y  subsc r i be r s .  H F  
Rad io P r opag a t io n  P r e d i c t i o n s  we r e  p r o 
v id ed r o u t i ne l y  to I T T  w o r l d  Commu n i c a
t ion s , As soc i a t ed P r e s s , Vo i c e  o f  the 
Gospel , a nd NOAA/SE L .  In add i t i o n ,  H F' 
Rad i o P r opag a t i o n  P r ed i c t io n s  we r e  sup
pl i ed to : T e x a s  Ga s T r a n sm i s s i o n , Ma r t i n  
M a r i e t ta , Canad i a n  M a r c o n i  Compa ny , En
v i r o nm e n t a l  De v i c e s  Co r p . ,  E-S y s tem s ,  
Fam i ly S t a t ion s ,  Page Commun i c a t i o n  En
g i nee r s ,  I nc . , Rad i o  Nede r l and , a nd E x x o n  
C o r p . Th e H FMUFES 4 comp u t e r  prog r am w a s  
s uppl i ed to : Los Al amos Sc i e n t i f i c La b
o r a to r y , Fam i l y  S t a t i on s ,  Ha r r i s C o r p . , 
I n t e r s ta t e  E l e c t r o n i c s  C o r p . , Ma i n  E l e c 
t r o n i c s , N a v a l  Re sea r ch La b o r a to ry , Ro c k 
wel l I n t e r n a t i o na l , Sand e r s  Assoc i a t e s ,  
and S t a n d a r d  O i l  o f  Ca l i fo r ni a .  

Ov e r  the yea r s  ITS h a s  p r o v i d ed J o h n s  
Hopk i n s  U n i v e r s i ty w i th spec i a l  H F  pr e
d i c t i o n  se r v i c e s . In F Y 7 b  a pr o j e c t  en
t i tl ed HF F l e e t  S u b  wa s i n i t i a ted to 
d e t e r m i n e  the -c overage o f  g r o ups o f  HF 
t r a nsm i t t e r s  i n  o r d e r  to e v a l u a t e  a n  
ope r a t i o na l  c ommu n i c a t i o n  netwo r k .  A 
spec i a l l y mod i f i ed v e r s i o n  of a n  H F  p r e
d i c t i o n  p r og r am i s  used to p r o v i d e  p r e
d i c t i o n s  o f  HF sys tems p e r f o rmance d a t a  
on magne t i c  t a p e s  c ompa t i b l e  w i th b o th 
the c omp u t e r  ava i l a b l e  to ITS a nd that 
ava i l a b l e  to J H U .  The format o f  the data 
tapes wa s mod i f i ed so that they could be 
u sed d i r ec t ly a s  i nput to J H U ' s  sys tems 
eva l ua t i o n  p r og r a m .  P r ed i c t i o n s  for a l l  
a r eas r eq u e s ted b y  JH U w e r e  p r o v i ded . 

P r e d i c t �<?_� T e c Q_!!_�gue� for tYta rg i na l  H F  
Commu!!_����i<?...r:!. Sys tems . Th e a na ly s i s  OI 
H F  c ommun i c a t i o n  sys tems i s  s tr o n g l y  de
pend e n t  on the r e f l ec t ion prope r t i e s  o f  
the i o n osphe r e , wh i c h  v a r y  sys tema t i c a l l y  
w i th ho u r , s e a so n , s o l a r  cyc l e , a nd geo
g r aph ic l o c a t ion . Va r i o u s  ag enc i e s  o f  
the U . S .  Gove r nme n t , a s  we l l  a s  pr i v a t e  
c o r po r a t i o n s  a nd f o r e i g n  gove r nme n ts , 
have r e l i ed on the c ompe tence o f  ITS f o r  
d ev e l op i ng g l obal iono sphe r i c mod e l s  t o r  
p r e d i c t ing i o n i z a t i o n  l ev e l s  i n  the v a r i
o us r e g i o n s  o f  the iono sphe r e , a nd f o r  
app l y i ng s u c h  mod e l s  t o  t h e  a evel opm e n t  
o f  method s f o r  t h e  eva l u a t ion ot H F  s y s 
t ems pe r f o rmanc e . Th e spec i f i c o b j ec
t i v e s  o f  t h i s  p r o j e c t  a r e  to a e velop a 
c omp l e t e  c ompu t e r  p r og r am to be usea to 
eva l ua t e sys tems wh i c h  have only ma r g i na l  
s u c c e s s  i n  c ommu n i c a t i o n  ( e . g . ,  v o i c e  
commu n i c a t ion b a r e l y  po ss i b le ) a nd t o  a p
ply the r e s ul t i ng p r og r am to a n  e x i s t i ng 
sys tem , the U . S .  Army ' s  AN/TSC - 3 88 . Em
pha s i s  i s  to be g i v e n  to d e t e rm i n i ng the 
r a ng e c apab i l i ty of the e x i s t i ng t r a ns
por tab l e  r ad io sys tem and to d e te rm i n e  
the f ea s i b i l i ty o f  i n c o r po r a t i ng s i g na l  
p r o c e s s i ng equ i pmen t i n to the sys tem . 

The prog ram i ng pha se i s  pa r t  o f  a c o n t i n
u i ng e f fo r t  by I TS ,  and , ba sed upon the se 
s t ud i e s ,  impr oved io nosphe r i c p r ed i c t i o n  
and a na l y s i s  mod e l s  h a v e  b een d e vel oped . 



Th e se m od e l s  have b een p r o g r amed f o r  u se 
i n  the r e a l  t im e  a na l y s i s  of ove r - the
ho r i z o n  r ad a r  sys tems a nd f o r  p r ed i c t i ng 
the a re a  c ove r a g e  o f  HF r ad io t r a n sm i t
t e r s . B e c ause o f  the e x t r emely soph i s t i
c a t ed p r o c e ss i ng of the r ad a r  d a t a , v a r i
i o u s  impr oveme n t s  i n  the a n a l y s i s  mod e l  
h a v e  b een r ea l i z ed . Th i s  i n fo rm a t i o n  was 
l a r g e l y  s ho r t  d i s tanc e d a ta ; i . e . , one 
a nd two hop paths . It w a s  f el t  that 
the se mod e l s  s h o u l d  now be i nc l ud ed i n  a 
g en e r a l  po i n t- to-po i n t  HF r ad io sys tems 
p r ed i c t io n  prog r am . 

T h e  p r e l im i na r y  p r og r a m i n g  f o r  bo th the 
l ong d i s t a n c e  a nd s ho r t  d i s tance mod u l e s 
h a s  b e e n  comp l e t ed . Qu i te e x te n s i v e  mod
e l  v e r i f i c at i o n  b o t h  ag a i n s t  a l t e r na t i v e  
p r og ramed mod e l s  ( to c hec k c omp u t e r  cod
i ng )  a nd mea s u r ed d a t a  ( to c hec k mod e l  
a c c u r ac y )  w i l l  be c a r r ied o u t  i n  t h e  n e x t  
f i sc a l  ye a r . 

A f e a s ib i l i ty s tudy i nc o r po r a t i ng s i g na l  
p r o c e s s i ng equ i pment i n to the AN/TSC-3 8B 
h a s  b een c omp l e t ed a nd r e c ommend a t io n s  
d e l i v e r ed to t h e  sponso r .  Only c omme r 
c i a l ly a v a i l a b l e  equ i pm e n t  wa s c o n s i d 
e r ed . Even w i th a n e a r  opt imum ope r a t i ng 
f r eq u e nc y , a n  HF c i r c u i t o f ten e xper i
e n c e s  s h o r t t e rm v a r ia t i o n s  i n  r e c e i v ed 
s i g na l  l ev e l , n o i s e , a nd i n t e r f e rence 
t h a t  can s e r i o u s l y  a f f e c t  sys tem e r r o r  
r a t e . An improvement o f  o n l y  a few dB 
g a i n ed f r om better a n te n n a s  a nd l a r g e r  
t r a n sm i t t e r s  r emoves o n l y  tho se e r r o r s  
w h i c h  o c c u r  whe n  the s ig na l- to-no i se 
r a t io i s  i n  a m a r g i na l  r a ng e of o n l y  a 
f e w  dB , a s i t u a t i o n  wh i c h  occ u r s  i n f r e 
q u e n t l y  w i th H F  s i g na l - to - n o i s e  va r ia b i l
i ty .  Th e r e fo r e , s ig na l  p r o c ess i ng tech
n iq u e s  wh i c h  can a c h i ev e  more e f f ec t i v e  
e r r o r  r a te r e d u c t i o n s  we r e  rec omme nded 
f o r  u se w i th the AN/TSC - 3 8B H i g h  F r e
q u e nc y  Commu n ic a t io n s  C e n te r .  

I t  i s  a n t i c i pa ted tha t ad d i tional funds 
w i l l  b e  a v a i l ab l e  to u s  d u r i ng the next 
f i s c a l  ye a r  to o b ta i n  t he s i g na l  p r o c e ss
i ng e q u i pm e n t  a nd to se t up a f i el d  ex
p e r im e n t  ut i l i z i ng s a i d  e qu i pmen t wi th 
t h e  AN/TSC - 3 8B . T h e  r e sul t s  of the t e s t  
pha se w i l l  the n d e t e rm i ne t h e  ac t ua l  p e r 
f o rm a n c e  o f  the mod i f i ed s y s tem . 

4 . 4 . 2 . Ionosph e r ic Wa r n i ng S e r v i c e  
a n d  Shor t-T e r m  P r ed i c t i o n s  

I n  add i t ion to t h e  long - te rm p r ed i c t io n s  
w h i c h  a r e  u s e f u l  f o r  sys tem p l a nn i ng a nd 
d e s ig n , I TS p r o v i d e s  s ho r t- t erm f o r ec a sts 
a n d  wa r n i n g s  that are u s e f u l  f o r  d a y- to
d ay o pe r a t io n s .  Some of the se w e r e  
d e sc r i b ed und e r  VOA Time-S h a r e  a bove . 

I o nosphe r i c Wa r n�� S e r v i c e s ,  p r o v i d e s  
f o r ec a s ts o f  cond i t i o n s  w h [�a r e  l i ke l y  
to a f fec t ionosphe r ic r a d io p r opag a t ion 
c o nd i t i o n s  i n  the h i g h  f r equency r a ng e  
f r om a bo u t  3 t o  3 0  MHz t o  commun i c a t i on 
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a g e nc i e s  a nd c e r ta i n  r e se a r c h  g r o up s .  Of 
p r ima r y  c o nc e r n  a r e  those t r a n sm i s s ion 
p a t h s  a t  h ig h  l a t i tud e s ,  wh i c h  a r e  more 
l i k e l y  t o  b e  a d v e r s e l y  a f f ec ted by s ig ni
f i c a n t  d i s t u r bances i n  the e a r th ' s  mag
n e t i c  f i e ld ; upon spec i a l  r eque s t s , how
eve r , f o r ec a s ts f o r  pr opag a t ion paths a t  
o the r l a t i t ud e s  c a n  b e  made a v a i l a bl e .  
Obj e c t i v e s  a l so i nc l ud e  t h e  m a i ntena nce 
o f  v a r i o u s  c omp u t e r  p r og rams a nd d a t a  
f i l e s  by w h i c h  r emote u se r s  m a y  a c q u i r e  
i o nosph e r i c  p r ed i c t ions t h r o u g h  a c c e s s  o f  
a t im e- s h a r e  c omput e r . Us e r s  o f  the se 
f o r ec a s t  s e r v i c e s  i nc l ud e u . s. Go ve r n
m en t ,  p r i v a t e  b u s i ne s s  ( dome s t i c  and 
f o r e ig n )  g r o up s ,  ama t e u r  rad io ope r a t o r s  
a nd s h o r twa v e  l i s tene r s ,  a nd s c hoo l s , 
e l emen t a r y  t h r o u g h  c o l l e g e  l ev e l s . 

D u r i ng t h i s  f i scal yea r , p r o j e c t  p e r son
n e l  c o n t i n ued to is sue r o u t i ne f o r ec a sts 
of t e l ec ommu n i c a t ion c o nd i t i ons on we e k 
l y ,  d a i l y , a nd s i x-ho u r l y  sche d u l e s . 
D i s tr i b u t i on of the se f o r e c a s ts wa s a c 
c ompl i s hed by m a i l ,  t e l e type , a nd t e l e
phone , a nd we r e  made a v a i l a b l e  i n  t im e
s h a r e  c omput e r  f i l e s  a nd on a t e l ephone 
a nswe r i ng s e r v i c e .  The s i x-ho u r l y  f o r e
c a s t s  w e r e  a l s o  b r o ad c a s t  by NBS r ad io 
s ta t ion WWV ; i n  add i t ion to the p r opa
g a t ion f o r e c a s ts , the WWV t r a n sm i s s i ons 
a l so i n c l uded solar r ad i o  f l ux data a nd 
g eomag n e t i c  i nd i c e s , s uppl ied by p e r son
nel of t h i s  p r o j ec t .  

A t  appr o x ima tely two-week i n t e rval s ,  p r o
j ec t  pe r so n n e l  p r epa r ed I o no sphe r i c  P r e
d i c t i o n  Rev i s ion fac to r s  f o r  i n c l u s ion i n  
the W e e k l y  Te l ec ommu n i c a t ion Fo r ec a s t  r e
por ts . T h e se r ev i s ion f a c to r s  a r e  to be 
a ppl i ed to semi-permanent f r e quency p r e
d i c t i o n s  ( ma x i mum u s a b l e  a nd opt imum 
t r a f f i c  f r equenc y ) .  Mo n t h l y  s umma r i e s  o f  
r ad io p r opag a t ion qua l i ty f i g u r e s  a na 
g eoma g ne t i c ac t i v i ty i nd i c e s we r e  p r e
p a r e d  f o r  pub l i c a t ion i n  NOAA ' s  Envi r o n
m e n t a l  Da t a  S e r v ic e ' s  pu b l i c a t io ns , 
S o l a r-Geophys i c a l  Da ta . 

P r o j e c t  pe r sonnel a l s o p r ov i d ed the mech
a n i sm f o r  p r e pa r a t io n  a nd d i s tr i b u t ion of 
the AMVE R c ha r ts ,  i n  suppo r t  of the u . s .  
C o a s t  G u a rd , a nd f o r  r e t r i ev a l  a na d i s
t r i b u t i o n  o f  c e r ta i n  c omp u t e r  r un s  ( s uch 
a s  te r r a i n  pr o f i l e s )  subm i t ted via the 
t ime- s ha r e  comp u t e r  by i n ter na l  a nd o u t
s id e  g r o u p s . 

Th e r e  w a s  a spec i a l  p r o j e c t  s e t  up f o r  
VOA T i me S h a r e  o f  c omp u t e r  mod e l s .  The 
obJ ect--here--i s to p r o v i d e  VOA ' s !'la s t e r  
Co n t r o l  wi th a m e a n s  t o  acq u i r e p r e d i c 
t ion o f  h ig h - f r eque ncy r a d io p e r f o rmance 
c h a r a c t e r i s t i c s  by r emote a c c ess to t ime
s h a r e  c omput e r  p r og r am s , a nd to a l e r t  
Ma s t e r  Co n t r o l  t o  any e x i s t i ng o r  impe nd
i ng so l a r  a nd geophy s i c al events c o n s i d
e r ed c ap a b l e  o f  a f fec t i ng h i g h- f r equency 
b r o ad c a s t  s e r v i c e s .  Of pa r t i c u l a r  impo r 
t a n c e  to Ma s te r  Contr ol a r e those d i s-



t u r banc e s  wh i c h  m i g h t  n ec e s s i t a t e  the i r  
a cqu i s i t i o n  o f  c able s e r v i c es , i n  l i eu o f  
i o n osphe r i c p r opag a t i o n  c i r c u i ts , f o r  r e
l ay o f  t he i r  prog rams to ove r se a s  b r oad
c a s t  s ta t io n s . 

The b u l k  o f  p r o j e c t  f u n d s  f o r  th i s  p r o
j ec t  g o e s  to ac tual c omp u t e r  t ime f o r  the 
spo n so r ' s  use of the i o no sphe r ic p r e
d i c t io n  pr og rams ; o nl y  1 0 %  i s  ava i l ab l e  
f o r  l ab o r  c o s ts . Pr o j ec t  pe r so nn e l  c on
t i nued to ma i n ta i n  so l a r  a nd geophy s i c a l  
f i l e s  n e c e ssa ry f o r  a c c e s s  by t h e  c ompu
t e r  p r o g r am , as well a s  o the r f i l e s  wh i c h  
c on ta i n  t h e  l a te s t f o r e c a s t  i s sued by the 
T e l ec ommun i c a t i o n  S e r v i c e s  Ce n te r  ( f i l e s  
m a i n ta i ned a s  a r e g u l a r  TSC s e r v i c e ) .  

A spe c i a l  s e r v i c e  pe r f o rmed f o r  the 
US IA/VOA F r equency Div i s i o n  w a s  a d a i l y  
( Monday t h r o ug h  Fr i d a y )  me s s a g e  w h i c h  
c o n ta i ned a summa ry o f  s o l a r  a nd ge ophys
i c al c ond i t io n s  d u r i ng the p r ec ed i ng 2 4  
h ou r s  ( thr ough the w e e k e nd i n  the c ase o f  
the Monday m e s sag e s )  a n d  a fo r e c a s t  o f  
g eoma g n e t i c / i ono sphe r i c c o nd i t i o n s  f o r  
the f o l lo w i ng d a y s  ( o r f o r  the e n s u i ng 
w e e k end on the Fr iday r epo r t ) . The se 
m e s sa g e s  we re t r a n sm i t ted by d i r ec t-d i a l  
TWX . 

Rad i o  W a r n i ng C ommu n i c a t i o n s . Du r i ng the 
U n i ted S t a t e s  spac e p r o g ram , the p r o tec
t io n  o f  spac e fl ight per sonnel f r om s o l a r  
r ad i a t i o n  o f  h igh energy p a r t i c l e s  b ec ame 
impo r ta n t .  W i th the advent of p r o g r ams 
for the developm e n t  o f  s upe r so n i c  a i r 
c r a f t to ope r a t e  a t  h i g h  a l t i t u d e s  f o r  
c iv i l i a n  a i r  tr a nspo r ta t io n ,  i t  wa s r ec
og n i zed that expo s u r e  of a i r c r a f t  o c c u 
pa n ts to g a l ac t ic and s o l a r  c o s m i c  r ad i a
t io n  needed i nve s t i g a t ion . Fu r the r s t udy 
r e v e a l ed that s ub so n i c  j e t s ope r a t i ng i n  
the po l a r  r eg i ons we r e  a l s o  s u b j ec t t o  
h a z a r d s  d u r i ng pe r io d s  o f  h ig h  s o l a r  ac
t i v i ty .  

The Fed e r a l  Av i a t i o n  Adm i n i s t r a t i o n , Of
f i c e  o f  Av i a t i o n  Med i c i ne , c o n tr ac ted 
w i th the Spac e Env i r onme n t  La bo r a tory , 
NOA A ,  to s tud y a nd dev i se a r ad i a t ion 
p r ed i c t io n  a nd wa r n i ng sys tem f o r  s o l a r  
a c t iv i ty . As a pa r t  o f  t h i s  e f fo r t ,  ITS 
is i nv e s t i g a t i ng me thod s of d i s s em i na t i ng 
the f o r e c a sts a nd wa r n i ng s .  The p r e d i c 
t io n s  n e e d  to be a v a i l a b l e  a t  p r e - f l ight 
c e n t e r s  so they can b e  c on s i d e red i n  the 
p r e pa r a t ion of f l ig h t  p l a n s  a s  we l l  a s  
b e i ng b r oa d c a s t  to a i r c r a f t  i n  f l i g h t  so 
t h a t  r emed i a l  actions c a n  be i n s t i tuted 
d u r i ng pe r iods o f  ha z a r d o u s  r a d i a t i o n  
c ond i t i o n s . The wo r k  on the p r o j e c t  h a s  
c o n s i s ted of a s u r vey o f  e x i s t i ng commu
n i c a t ion sys tems in the po l a r  r e g ions a nd 
r ec omme n d a t i o n s  f o r  implem e n t i ng a f o r e
c a s t  and wa r n i n g  d i s se m i na t io n  sys tem 
w h i c h  wo uld m a k e  max imum use of the se 
f ac i l i t i e s . Re commend a t i o n s  fo r the im
p l em e n t a t i o n  of f u t ur e  more soph i s t i c a ted 
sys tems a r e a pa r t  of the r e po r t .  Th i s  
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wo r k  w i l l  be c ompl eted i n  FY7 b a nd a c on
t i n ua t i o n  of the p r o j ec t i s  n o t  c on tem
p l a ted . 

S EC T I ON 4 . 5 .  APPL ICATIONS 

The c o n s t a n t  s tudy of EM Wave Tr a nsm i s
s io n  Ch a r a c te r i s t i c s , the d ev e l opm e n t  o f  
up- to-d a t e  the o r e t i c al a nd emp i r i c a l  mo
d e l s , a nd the s t udy o f  r e a l -wo r l d  t e l e
c ommu n i c a t io n  p r o blems l ead to s ta te-o f
the- a r t a ppl i c a t ions f o r  t e l ec ommun i c a
t i o n  u se s .  Th i s  sec t io n  d e a l s  wi th a 
v a r i e t y  o f  p r o g r ams wh i c h  show the b r oad 
spec tr um o f  a ppl i ed e l ec t r omag n e t i c  
sc i e nc e s .  

4 . 5 . 1 . Remote Se n s i ng w i th 
Over- the-H o r i zo n  Rad a r  

NOAA S e� S c a t t e r  a nd P r oj ect NONESUC� . A 
j o i n t  e f fo r t  i nvolv i ng sea- s c a t t e r  r a d a r  
be tween the Of f i c e  of Te lec ommu n i c a t i o n s , 
N a t i o n a l  Oc e a n i c  and Atmosphe r ic Adm i n i
s t r a t io n ,  a nd the Naval Re se a r c h  Labo r a
t o r y  h a s  c o n t i nued a t  S a n  C l emente I s l a nd 
o f f  the c oa s t  o f  Ca l i fo r n i a . Some yea r s  
a g o  i t  was r e c o g n i zed that a need e x i s ted 
in the a r ea of env i r onmental s e n s i ng a nd 
mon i to r ing f o r  a t ec hn ique a nd s y s tem f o r  
mon i t o r i ng t h e  pr i n c i pa l  wav e  h e ig h t , 
pe r iod , a nd d i r ec t i o n  of s e a  waves o v e r  a 
w i d e  a r e a  a t  a g i ven t im e .  Th e d e s i g n  
a n d  c o n s tr uc t i o n  of the S a n  C l eme n t e  Sea 
Echo Rad a r  h a s  enab led the d ev e lopm e n t  
a nd t e s t i ng of va r io u s  t ec hn iq u e s  to p e r 
f o r m  the se t a s k s . Th e two p r i nc i pa l 
sponso r s  t h i s  ye a r  we r e  NOAA a nd · NRL. 

The F Y 7 6  o b j ec t i v e  o f  t h i s  wo r k  was to 
d e s i g n  a nd b u i l d  a h i g h  f r eque ncy i o no
sphe r i c r ad a r  sys tem e spec i a l l y  opt imi zed 
for the g e n e r a t ion a nd d e tec t i o n  of sea 
s c a t t e r  o v e r  a w i d e  a r ea w i th g o od re so
l u t i o n  a nd c apa b i l i ty to p r oc e ss a nd h a n
d l e  l a r g e  q ua n t i t i e s  o f  d a t a . 

Ac t iv i ty t h i s  year c o n s i s ted i n  c hec k i ng 
out a nd s ha k i ng d own the n ewl y r ed e s ig ned 
r ad a r  sys tem at San C l emente I s l a nd . 
As s i s ta n c e  wa s p r ov i ded to the spo n so r i ng 
a g e nc i e s  i n  p e r f o rm i ng some d a t a  r un s  a nd 
i n  t r a i n i ng the i r  per sonnel i n  ope r a t i o n  
a nd m a i ntenance o f  t h e  s y s t em . 

A " b l ac k  b o x "  was d e s ig ned a nd b u i l t  
wh i c h  a l lows the sys tem to swi tch r ap i d l y  
f r om t h e  o r d i na r y  d a t a  t a k i ng mod e to a n  
i o n o sphe r ic so u nd i ng mod e f o r  t h e  i n t e r 
spe r sa l  o f  i o nosphe r i c d i agnos t i c s  d u r i ng 
d at a  r un s .  Th i s  a l l ows r ea l - t ime knowl
edge o f  the io no sphe r e  to be u s e d  to d e
t e r m i n e  the pa r amete r s  o f  the e x pe r im e n t .  

Mo s t  o f  the " bug s "  w e r e  wor k ed o u t  o f  the 
sys tem a nd ope r a t io n  a nd m a i ntenance we r e  
t r a n s f e r red to the spo n so r i ng a g e nc i e s  
f o r  the i r  a r ea o f  sys tem use . 



Th e S a n  C l em e n te Rad a r  Sys tem r em a i n s  un
d er the j o i n t  c on tr o l  of OT , NOA A ,  a nd 
the NRL . I t  i s  a n t i c i pa t ed that the lev
e l  of a c t i v i ty by OT d u r i ng the nex t f i s
c a l  y e a r  w i l l  be low a nd c o n s i s t  p r ima r
i l y of a ss i s t a nc e  w i th d i f f i c u l t ma i n ten
a n c e  p r o b l ems or in the i nc o r p o r a t i o n  of 
mod i f i c a t i ons or add i t i o n s  to the sys tem . 

4 . 5 . 2 . Rad i o  Nav i g a t io n  a nd Rad i o  
Po s i t i on D e t e r m i n a t i o n  

FAA P o l a r i scope . An e xpe r imental a n tenna
r ec ei v i ng sys tem was d e s i g ned to m e a su r e  
t h e  r a t i o  o f  the v e r t i c a l l y  t o  h o r i zon
t a l l y  p o l a r i zed e l ec t r omag n e t i c  f i el d s  
t r a nsmi t ted by VOR/I LS f a c i l i t i e s .  Th i s  
r a t i o i s  pa r t i c u l a r l y  i mpo r ta n t  b ec a u se 
c ou r se b ea r i ng e r r o r s  c a n  b e  c aused by 
mod ul a t i o n  c a r r i ed by some c ompo n e n ts of 
the v e r t ic a l l y  p o l a r i z e d  f i e l d  f r om VOR 
f ac i l i t i e s . Th i s  wo r k  r e s u l ted i n  the 
d ev e l opm e n t  a nd t e s t i ng of a f i e l d  p o l a r 
i za t io n  m e te r , c a l l ed a P o l a r i s cope by 
t he FAA , t o  be used for m e a s u r ing t h i s  
f i e l d  r a t io . 

A spec i a l  d i sc one-d i po l e  a n tenna ( f igur e  
4 -2 5 )  c a pa b l e  o f  r ec e i v i ng both v e r t i 
c a l l y  a nd hor i z o n t a l l y  po l a r i z e d  f i e l d s  
w a s  d e v e l oped a nd u s e d  w i th e x i s t i ng r e
c e i v e r s  to mea s u r e  the VP/HP f i e ld r a t io 
f r om a po r tabl e VOR a t  o u r  Tab l e  Mo u n ta i n  
t e s t  r a ng e . Th i s  a nt e nna a nd a c omme r
c ia l  b a t t e ry-ope r a ted VOR r ec e i v e r  w e r e  
c apa b l e  o f  mea su r i ng V P / H P  f i e l d  r a t i o s  
a s  sma l l  a s  - 4 6  dB , c o r r e spo nd i n g  t o  a 
0 . 3 ° b ea r i ng e r r o r . 

T h e  r e s u l ts o f  th i s  wo r k  c a n  b e  u sed by 
the FAA to a id i n  m i n im i z i ng VOR b e a r ing 
e r r o r s  by a d j u s t i ng va r i o u s  pa r amete r s  i n  
t he VOR a n tenna . 

Ano the r e f f o r t  i n  t h i s  a r e a  wa s c a r r i ed 
o ut fo r the FAA e n t i tled A i rpo r t  M u l t i 
pa th E nv i ronll!.e n t  Me a s u r eme n ts . 

Th i s  p r o j e c t  wa s o r ig i na l l y e s tab l i shed 
t o  s tudy the po ten t i a l  m u l t i pa th e f f ec ts 
at s e a - l a nd t r a n s i t io n  a r e a s  r e l a t i ve to 
o v e r - wa t e r  a ppr o a c he s u s i ng M i c r owave 
L a nd i ng Sy s tems ( M LS ) . Howeve r , e a r l y  i n  
t he p r o g r am ,  the empha s i s  was c ha ng ed ( by 
amendme n t  f r om the FAA ) to i n v e s t i g ate 
t he m u l t i pa t h  e n v i ro nme n t  i n  ope r a t i ng 
a i r po r ts tha t c o u l d  be d e tr ime n ta l  to MLS 
s y s t em s . Th e p r o j ec t wa s d es c r i b ed i n  
l a s t  y e a r ' s  a nn u a l  r e po r t , s o  w i l l  o n l y  
b e  b r i e fl y  r ev i ewed h e r e .  

T h e  ITS C h a nnel P r obe equ i pm e n t  wa s u sed 
in two l o c a l e s  to mea s u r e  t he mu l t i pa t h  
s t r u c tur e a nd l e v e l  a t  t h e  M LS o pe r a t i ng 
f r equency o f  5 . 1  G H z . A s e r i e s  of m e a s
u r em e n t s  wa s p e r f o rmed a t  the Na t i o na l  
Av i a t io n  Fac i l i t i e s  Ev a l ua t i o n  C e n t e r  
( NA F EC ) a t  A t l a n t i c  C i ty ,  N . J . , a nd a t  
Loga n  I n t e r na t i o n a l  A i rpo r t ,  Bo s ton , Mas
s a c h u se t t s  ( f igu r e  4 - 2 6 ) . 
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D u r i ng FY7 6 a r e l a ted p r o j e c t  was d ev e l 
o p e d  to expa nd t h e  mea s u r em e n t s  p r o g ram 
to o the r ma j o r a i r po r ts a nd to s t udy m o r e  
c omp r e h e n s i v e ly t h e  c ompl e x  m u l t i pa t h  
s tr uc tu r e .  

A d r a f t  r epo r t  ( to be pub l i shed by the 
FAA ) wa s c omp l eted on th i s  p r o j e c t  a nd 
s ubm i t ted to M I T  L i nc o l n  La bo r a to r i e s .  
Da ta a n a l y se s f o r  the p r o j e c t  w e r e  a l so 
c ompl e t ed i n  FY7 6 .  

C e n tr a l  E u r ope Lo r a n  D P r ed i c ti o n s . ITS 
was a s k e d  by the---U � .  A i r  Fo r c e  Elec
t r o n i c  Sys tems Di v i s io n  to d ev e l o p  an 
a utoma t i c  p r e d i c t ion/ca l i br a t io n  c ompu t e r  
pac k a g e  f o r  t h e  Centr a l  Eur ope a n  L o r a n  
C/D c ha i n .  Th e r e qu i r ed a c c u r ac y  o f  the 
p r ed i c t i o n  p r o g r am is 5 0  nanoseconds 
( o ne s i g ma )  a l o ng each LORAN p r opag a t i o n  
p a t h  f o r  d i s ta nc e s  up t o  1 0 0 0  km . Th i s  
i n teg r a t ed p r og r am ( i . e . , t e r r a i n  
r e t r i ev a l , i mped a n c e  r e t r i ev a l , p r o pa g a
t io n  s im u l a t ion a nd a u t oma t i c  i n teg r a l  
equ a t i on pac k ag e )  w i th d a t a  base w a s  to 
b e  m od i f i ed a s  nec e ssa r y  f o r  c ompa t i 
b i l i ty w i th t he C DC - 6 6 0 0 , the IBM 3 6 0/5 0 ,  
a nd the U N I VAC l l O B  c omput e r s .  

T h e  o b j e c t iv e s  o f  the p r og r am we r e  f o u r 
f o l d : 

1 .  De v e l o p  l i thology d ig i t i z a t i o n  
p r o c ed u r e .  Geolog i c  m a p s  we r e  to be 
s t ud i ed to d e t e r m i ne the e x te n t  of the 
i n f o r ma t io n  to b e  d i g i t i z ed . Th e d e s i r ed 
fo r m  o f  the f i na l  l i th o l og i c  d a t a  was 
t h e n  to b e  d e f i ned , a nd compu t e r  a lgo
r i thm s d ev e l oped to t r a n s f o rm the d i g i
t i zed d a ta · i n to t he d e s i r ed f o r m ,  
i nc l ud i ng a ny nec essa r y  c ompa c t i o n .  

2 .  Te r r a i n  d a t a  p r o c e s s i ng . Com
p u t e r  a l g o r i thms w e r e  to be d evel oped to 
r ead a nd d e c od e  e x i s t i ng tape s ,  dec r ea s
i ng the v o l um e  by r ed uc i ng d e ta i l ,  the 
r e s u l t  to b e  in a form u s a b l e  �s an e l e
v a t io n  d a ta b a se . 

3 .  P r opa g a t i o n  s im u l a t i o n  r e se a r c h .  
T h e  need f o r  i nc l ud i ng s u c h  f a c t o r s  a s  
ove r b u r d e n , g r o und wate r , pe rma f r o s t ,  
i c e ,  e t c . i n  pr opag a t i o n  s i m u l a t io n  wa s 
t o  be i nv e s t ig a ted . A c omp l e t e  alg o r i thm 
w a s  to be d e v e l oped a nd t e s ted f o r  c on
v e r t i ng l i thology a nd o v e r b u r d e n  i n to 
e l ec tr i c al imped ance v a l u e s  f o r  u s e  i n  
p r opag a t i o n  s im u l a t i o n . The i mped ance 
c onv e r s i o n a l g o r i thms wo u l d  b e  i nc o r po
r a t ed i n to a s i ng l e  subr o u t i ne pac k a g e  to 
a utoma t i c al l y r e t r i eve the impe d a n c e  
a l o n g  a ny p r opag a t i o n  path . A s im i l a r  
p a t h  r e tr i ev a l  alg o r i thm was t o  be d ev e l 
oped f o r  te r r a i n  e l eva t io n  d a t a . 

4 .  Compu t e r  p r og ram i n teg r a t io n . 
T h e  se v e r a l  c omput e r  prog r am s  we r e  to be 
i n teg r a t e d  i n to a s i ng l e  c omputer prog ram 
to t r a n s l a t e  r ec e i v e r  po s i t i o n  i n to tr ue 
pr opag a t i o n  t imes f r om each t r a nsm i t ter 



Figure 4 - 2 5 . Discone-dipole antenna capable of rece iving both vert ical and 
hori zontal polari z ations . 
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Figure 4 -2 6 .  Multipath configuration a t  Logan Airport , Boston , measured b y  ITS channel probe . 



to the r e c e i v e r , wh i c h  wo u l d  the n b e  
a ut oma t i c al ly conver ted t o  t im e
d i f f e r e n c e  read i ng s .  Fo l l ow i ng d e b ug g i ng 
a nd te s t i ng of the p r og r am the f i na l  
r e sul ts w e r e  to b e  c ompa r ed t o  m e a su r e
m e n t s  for ve r i f i c a t io n  o f  a c c u r ac y . 

Obj ec t i v e s  1 ,  2 ,  a nd 3 w e r e  m o s tly a c com
p l i shed . Obj e c t i v e  4 w a s  n o t  accom
pl i shed b ec ause pe r so n n e l  c e i l i ng r educ
t io n s  impac ted on the s t a f f  p e r f o rmi ng 
the ma j o r  wo r k  on the pr o j ec t .  Fol l ow i ng 
a j o i n t  r ev i ew by ITS a nd the spo n so r  the 
d ec i s io n  wa s mad e to c lo s e  the p r og r am . 
A l l  the pe r ti nen t m a t e r i a l s  ( i n forma t i o n  
a nd o u tput ) o f  t h e  p r og ram w e r e  se n t  to 
the spo nsor a l ong w i th the r ema i n i ng 
f unds . 

Analys i s  o f  E r r�� i n  Rad i opo s i t i o n i nq 
Equ ipmen t .  The Eng i nee r i ng Development 
Labo r a to r y  o f  the Na t io n a l  O c e a n  Sur vey 
( NOAA/NOS ) is c h a r g e d  wi th d ev e l op i ng i n
s t r umenta t io n  a nd a na ly z i ng the ope r a t ion 
o f  equ i pm e n t  for u s e  in hyd rog r aph i c  s u r 
v ey i ng o f  t h e  c o a s ta l  reg i o n s  o f  the 
U n i ted S t a t e s  a nd i ts te r r i to r i e s .  Th e 
h yd r og r a ph i c  c h a r ts p r od uced by NOS a r e  
u sed f o r  s h i p  nav i g a t io n  i n  c o a s t a l  a r ea s 
a nd a r e  v i ta l  to ma r i t im e  t r a n spo r ta t i o n  
a nd c omme r c e .  Th e se c h a r t s  a r e  g e n e r a ted 
p r im a r i l y  w i th the u se o f  HF a nd m i c r o
wave po s i t i on i ng s y s t em s , so that the 
a c c u r ac y  of the se dev i c e s  i s  of u tm o s t  
c o n c e r n  t o  t h e  spo nso r .  

T h e  spo n s o r  w i shed to d e te rm i ne the i n
h e r e n t  ac c u r ac i e s  o f  the HF a nd m i c r owave 
po s i t ion i ng sys tems wh i c h  a r e  c u r r e ntly 
in the NOS i nv e n to r y . E f f ec ts o f  var i o u s  
p r opag a t i o n  phenomena , s u c h  a s  sea- s u r 
f a c e  m u l t i pa th f o r  v a r i o u s  sea s ta t e , a t
mosphe r ic r e f r ac t iv i ty ,  and d u c t i ng e f
f e c ts , a r e  a l s o  to be i nv e s t i g a ted a nd 
r epor ted . 

I n  add i t i o n  to r e po r t i ng the r e su l ts o f  
the a c c u r ac y  s t ud i e s ,  r e commend a t i o n s  r e
g a rd i ng c h a ng e s  to c u r r e n t  ope ra t i ng a nd 
m a i n tenanc e p r o c ed u r e s  we r e  g i v en . 

T h e  e ffo r t  d u r i ng F Y 7 6  c o n s i s ted pr imar
i ly o f  l abo r a to r y  a nd f i e l d  t e s t i ng of 
the 5 GHz a nd 10 GHz pos i t i o n i ng sys tems 
u sed by NOS , the a na lys i s  of t e s t  r e
s u l ts ,  s t ud i e s  o f  the d e s i g n  of the sys
t em s , a nd a ppl i c a t i o n s  of the t e s t  r e sul t 
to the UHF-S HF p r opag a t ion mod e l  wh i c h  
h a s  b een d ev eloped w i t h i n  I TS .  

T h e  l abo r a to r y  a nd f i e l d  t e s t s  i nc luded 
s uc h  t a s k s  a s  d et e r m i n i ng the r e spec t i v e  
s y s tem ' s  sen s i t iv i ty to fad i ng , a c c u r acy 
of the sys tem over s u r veyed paths , a nd 
s e ns i t i v i ty o f  sys tem a c c u r a c y  to env i 
r onme ntal pa rame t e r s .  

T h e  fad i ng t e s t s  p e r fo rmed on e a c h  sys tem 
d e f i ned the u s e f u l  dynam i c  r a ng e  of e a c h  
d ev i c e ,  a nd t h i s  i n f o rm a t i o n  w a s  u sed i n  
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t h e  I TS p r opag a t ion mod e l  to d e t e r m i ne 
the expec ted ma x imum ope r a t i ng r a n g e  o f  
e a c h  sy s tem . E f f e c ts o f  mul t i pa t h  p r opa
g a t io n  a r i s i ng f r om r e f l ec t io n s  at the 
s e a  s u r fa c e  w e r e  d e t e r m i ned i n  terms o f  
s y s tem r a ng i ng a c c u r ac y ,  a s  we r e  env i r on
m e n ta l  e f f ec t s .  

The r e su l ts we r e  c omp i l ed a nd a na ly z ed 
and spec i f i c  r e c ommend a t i o n s  to the spon
sor we r e  mad e r eg a rd i ng c h a ng e s  i n  c u r 
r en t  ope r a t i ng p r o c ed u r e s .  T h e se r e c om
m e nd a t io n s  c once rned such i tems a s  l im i t
i ng the ope r a t i ng r a ng e  of t he sys tems i n  
a r e a s  i n  w h i c h  m u l t i pa th p r opag a t i o n  i s  
p r obabl e ,  and p r o c ed u r e s  f o r  c a l i b r a t i ng 
the sys tems to max i m i ze a c c u r ac y  d ur i ng 
h yd r og r aph i c  opera t i on s . 

Th e ma j or e f fo r t  d u r i ng FY7 7 w i l l  be the 
a n a l y s i s  of the HF r ad i o l o c a t i o n  sys tems 
u sed by NOS ; as in the c a se of the m i c r o
wave systems , s t ud i e s  w i l l  b e  made of the 
equ i pment a nd of pr opag a t io n  pa r amete r s ,  
s u c h  a s  r e f r ac t i v i ty a nd g r ound conduc
t i v i ty ,  wh i c h  are l i k e l y  to a f f ec t the 
a c c u r acy o f  po s i t ion mea s u r eme n ts . 

4 . 5 . 3 . An tennas a nd Rad i a t io n  

B u r i ed A n tenn� S tud i e s  f o r  t h i s  y e a r  con
s i s ted pr ima r i l y  of m e a s u r i ng the re
c e i v ed s i g na l  l ev e l  f r om a m i l i ta r y  s a t
e l l i te a t  the t e rm i na l s  o f  a n  e x i s t i ng 
UHF a n tenna , a nd an ITS m od e l  of the an
t e n na , a t  a M i n u t eman L a u n c h  Fac i l i ty 
n e a r  M i no t ,  No r th Da ko ta . The se te s ts 
w e r e  und e r ta k e n  to d e t e rm i ne the f ea s i
b i l i ty of u s i ng the e x i s t i ng a n te nna fo r 
a pr oposed s a t e l l i te c ommun i c a t i o n  l i n k . 

As a r e su l t  o f  the t e st s ,  we b eg a n  a 
s t udy w i th TRW to help SAMSO d e t e r m i ne 
the p r obab i l i ty of d ev e l op i ng a h ig he r
g a i n  h a r d ened UHF a n te nna . Our contr i b u 
t io n  wa s t h e  d e s i g n  of a n  e n c a p s u l a ted 
c a v i ty he l i x a n tenna moun ted i n  the f a c e  
o f  a t r uncated pyr am id m on umen t .  The 
m e a n  power g a i n  of t h i s  c i r c u l a r ly 
po l a r i z ed a n tenna wa s a bo u t  44 dB b e tween 
mod e l  f r equenc i e s  of 1 . 0  and l . b  GHz a t  
e l ev a t i o n  a ng l e s  b etwe e n  1 0 °  a n d  o 0 ° . 

A mod e s t  e xpend i tu r e  by r ec o g n i zed s e n i o r  
the o r e t i c i a n s  on E M  t h e o r y  a ppl i ed to 
p r a c t i c a l  p r o bl em s  is a c o r n e r s tone t o  an 
e f f ec t i v e  EM Wave T r a n sm i s s io n  p r og r a m .  
Th r e e  c u r r e n t  p r o j ec ts , E M  T h e� ,  EM 
wave A n a lys i s  o f  BOM P r o b l ems , a nd ENP 
Siiiii:il a to r  S t udie-s-a r e  g ood e xamp l e s()I 
t h i s  p r og ram . 

Wo r k  ac comp l i shed i n  s uppo r t  of t h i s  p r o
g r am a c t iv i ty i s  s umma r i z ed u nd e r  two 
head i ng s .  

I NTERFERENC E F ROM COAXIAL CABLES AND RE
LATED A NTENNA PROB LEMS . A r a the r b a s i c  
p r o b l em i n  commun i c a t i o n  technology i s  to 
c al c u l a t e  the e f fec t of b r e a k s  i n  the 



o u t e r  cond u c t o r s  o f  c a b l e s  t h a t  a r e  u sed 
f o r  tr a n sm i s s io n  of i nfo rma t io n .  Th i s  i s  
a pa r t i c u l a r l y  impo r ta n t  q u e s t i o n  i f  the 
b a ndw i d th of the s ig n a l  ( i n the c o a x i a l  
c ab l e )  encompa s s e s  f r equenc i e s  t h a t  a r e  
b e i ng u t i l i z ed f o r  o the r p u r po s e s  i n  the 
r eg ion e x te r io r  to the c ab l e . Wh i l e  i t  
i s  po s s i b l e  to mea s u r e  some o f  the se e f 
f ec ts fo r a pa r t i c u l ar s i tua t io n ,  i t  i s  
s t i l l  d e s i r ab l e  t o  have a n  ad equa te the
o r y  i f  the r e l a t i v e  i mpor tance of the 
m a ny phys i c a l  pa r amete r s  a r e  to b e  und e r 
s to od . Th e g e n e r a l  p r o b l em i s  a k i n  to 
m u c h  o f  the e a r l i e r  wo r k  on r a d i a t i o n  
f r om s l o t  ante nna s .  Un f o r tunate l y , t h e  
ava i l a b l e  r e su l ts f r om suc h s t ud i e s  c a n
n o t  b e  d i r e c t l y  a ppl i ed s i nce the a pe r
t u r e  f i e l d s  we r e  u s ua l l y  a s s um ed to b e  
k n own . I n  the pr e se n t  c a se , we d o  n o t  
w i sh to a s s um e  the v o l t a g e  a c r o s s  the 
o pe n i ng or g a p  i n  the c ab l e  s h i eld . I n
s te ad , i t  i s  o ne o f  the d e s i r ed q ua n t i 
t i e s .  A boundary v a l ue t r e atmen t wa s 
u s e d  to d e r ive f i eld e x p r e ss i o n s  f o r  a 
d i e l ec tr i c  c oa ted c o a x i a l  c a b l e  w i th a 
g ap i n  the s h i e ld . Spec i f i c  r e su l ts we r e  
g iv e n  f o r  a n  i nc i d e n t  T EM m od e  i n  t h e  i n
t e r io r c o a x i a l  r e g i on . Fo r e xampl e ,  i t  
w a s  s h o wn that , f o r  the VHF r eg io n , a s  
m u c h  a s  1 8 %  o f  the i nc i d e n t  powe r was 
r a d i a ted i n to the e x t e r na l  r e g i o n  via a 
s i ng l e  c i r c um fe r e n t i a l  g a p  i n  the sh i e l d . 
We a l so fo und that c ompa r a bl e  amo u n t s  o f  
powe r a r e  t r a n s f e r r ed t o  a r e f l ec ted TEM 
mod e i n  the c ab l e  a nd i nto s u r fa c e  wa v e s  
i n  t h e  d i e l ec tr ic j a c k e t . Ano t he r  a p
p r o a c h  to the b o u nd a r y-v a l u e  pr oblem w a s  
a l so c o n s i d e r ed . P r ev i o u s l y  t h e  i n te rna l 
a nd e x t e r n a l  f i el d s  we r e  m a tc hed , i n  a n  
a v e r a g e  s e n se , a c r o s s  the g a p .  H e r e  a 
qua s i- s t a t ic ana l y s i s  wa s employed t ha t  
d o e s  n o t  r e q u i r e  a n  a s s umpt ion a b o u t  the 
f i el d  d i s t r i b u t i o n  i n  t he g a p .  Howeve r ,  
the me thod a ppea r s  to b e  use f u l  o n l y  f o r  
sma l l  g a ps . Us i ng e i the r me thod , i t  w a s  
shown that typ i c a l l y  1 5 %  o f  t h e  i nc i d e n t  
pow e r  i n  t h e  c ab l e  i s  c o nv e r ted to e x t e r 
n a l  r a d i a t io n  a nd typ i c a l l y  20% i s  t r a ns
f e r r ed i n to s u r face wav e s  i n  the d i e l ec 
t r i c  j ac k e t . S u c h  po we r c a l c u l a t io ns 
w e r e  e x h i b i ted f o r  f r eq u e nc i e s  o f  2 0 ,  5 0 , 
1 0 0 ,  a n d  3 0 0  MHz a nd f o r  two c oa x i a l  
c a b l e s  t h a t  a r e  typ i c a l  o f  t h o s e  b e i ng 
u sed i n  p r e se n t  day CATV s y s tem s . 

T h e  f o r eg o ing theo r y  h a s  a l so been e x 
t ended t o  t r e a t  s c a t t e r i ng f r om a b r e a k  
i n  t h e  sh i e l d  o f  a b r a i d ed c o a x i a l  c ab l e . 

S H I E LD I N G  B Y  W I RE GR IDS AND M ES H  STRUC 
T URES . W i r e-mesh s c r e e n s  a r e  o f ten used 
in place of so l id m e t a l  she e t s  in the 
s h i e l d i ng of e l ec t r oma g n e t i c  wave s be
c a u se such sc r e e n s  a r e  l i g h t  a nd r e l a
t i v e l y  i nexpens i v e . Howeve r ,  the e l ec 
t r omag ne t i c  pr ope r t i e s  o f  s u c h  sc r e e n s  
a r e  n o t  we l l- k n own , pa r t i c u l a r l y  w h e n  the 
i nc id en t  e l e c t r omagne t i c  wave has a r b i 
t r a r y  po l a r i z a t i o n  a nd a ng l e  o f  a r r iv a l . 
T h e  g o a l  o f  th i s  theor e t i c a l  s t ud y  i s  to 
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d et e rm i n e  the r e f i ec t io n  a nd t r a n sm i s s io n  
c o e f f i c i en ts o f  a r ec ta ng u l a r  w i r e  mesh 
a s  a fu n c t io n  o f  the mesh d im en s i o n s  a nd 
w i r e  r ad i us fo r a n  a r b i tr a r y  i nc id e n t  
p l a n e  wav e . S i nc e  wi r e  m e she s a r e  o f ten 
u s e d  o v e r  a n  impe r f ec tly c ond uc t i ng 
ea r th ,  the e f f ec t iveness o f  t h i s  " g r o u nd 
s c r e e n "  appl i c a t i o n  i s  a l so o f  i n t e r e s t .  

E l ec tr omag n e t i c  s c a t te r i ng by a s i ng l e  
p l a na r a r r a y  o f  pa r a l l el wi r e s  h a s  been 
c o n s i d e r ed in the pa s t  for a va r i et y  o f  
a s s umed c o nd i t io n s . S u c h  g r id s  a r e used 
i n  many t ec hn i c a l  appl i c a t io n s  such as 
s h i el d i ng enc l o su r e s  a nd in g r o und sys
tems for a n te nna s .  However , when the i n
c id e n t  wave ha s a r b i tr a r y  p o la r i z a t io n , 
the use o f  two pl a na r  a r r a ys o f  pe r pen
d i c u l a r  w i r e s  may be d e s i r a b l e .  Ea r l i e r  
anal y t i c a l  wo r k  by the S o v i e t s  wa s c a r 
r i ed o u t  f o r  squa r e  me she s a nd f o r  r ec 
t a ng u l a r  m e s h e s  employ i ng i n g e n i o u s  tech
n i que s b a se d  on a v e r ag i ng the f i e l d s  over 
o ne c e l l  of the m e sh b e f o r e  a pp l y i ng the 
bo unda r y  c ond i t i o n s . As s uc h ,  the re
s u l ts would seem to be r e s tr ic ted to r e l
a t iv e l y  s m a l l  spac i ng s  o f  the g r id w i r e s  
i n  t e r m s  o f  wa ve l eng th . Th us we d e r i v ed 
a g ener a l  s o l u t i o n  f o r  the c r o s sed w i r e  
g r id ,  w i th n o  r e str i c t io n s  o n  pol a r i z a
t io n , i nc id enc e a ng l e , or w i r e  c ond uc
t i v i ty .  The sepa r a t io n  b e tween the two 
g r id s  c o u ld become a r b i tr a r i l y  sma l l ,  b u t  
s h o u l d  n o t  b ec ome z e r o . Th u s  w e  d i d  n o t  
c o n s i d e r  t h e  bonded rec t a ng u l a r  mesh l im
i t .  T h e  so l u t io n  f o r  the w i r e  c u r r e n ts 
i nvolved a d ou b l y  i n f i n i te set o f  l i near 
equa t io n s  wh i c h  we r e  so lved by e i the r 
pe r t u r b a t ion or matr i x  i nv e r s io n .  The 
cal c u l a t io n  of the t r a n sm i s s ion c oe f f i
c i e n t ,  i nc l ud i ng the c r o s s-po l a r i zed c om
ponen t ,  wa s s tr a i g h t- f o r wa rd once the 
c u r r e n t s  a r e  known , a nd num e r i c a l  r e su l ts 
w e r e  p r e se n ted to i l l u s tr a te d epende n c e  
o n  va r io u s  p a r ameter s .  

I n  a f u r the r a na l y s i s , we c o n s i d e r ed the 
t r i c k y  p r oblem of bonded j un c t ion s .  The 
a ppr opr i a t e  d oubly i nf i n i te se t o f  l i near 
equa t io n s  f o r  the c u r r e n t s  we r e  fo und to 
be val i d  for a w i r e  mesh w i th bonded 
j un c t i o n s  w i tho u t  i mpo s i ng a ny j un c t io n  
c o nd i t i o n s . Howeve r ,  t h e  c on v e r g e n c e  o f  
t h e  so l u t i o n  wa s g r e a t l y  impr oved by 
b u i l d i ng j u n c t i on d i s c o n t i nu i ty c ond i
t io n s  i n to the c u r r e n t  r ep r e s e n ta t i o n . 
Us ing s u c h  a mod i f i ed s o l u t i o n , n um e r i c a l  
r e sul ts we r e  g en e r a ted t o  i l l us tr a te the 
d epend e n c e  of r e f l ec t i o n  a nd t r a n sm i s s io n  
c oe f f i c i e n t s  o n  v a r i o u s  p a r amete r s .  The 
same me t hod is now b e i ng a ppl i ed to t r e a t  
t h e  pene t r a t i o n  o f  E M  w a v e s  t h r o ug h  the 
l oo s e l y  b r a i d ed s h i e l d s  o f  c oax i a l  c a b l e s  
that have r e l a t i v e l y  sma l l  opt i c al c over . 
As m e n t i o n ed bef o r e , they a r e  f i nd i ng 
m u c h  u s e  i n  l ea k y  f e ede r commu n i c a t i o n  
sys tems , so a p r ope r a na l y s i s  i s  b a d l y  
n e e d e d  i f  r e l i a b l e  eng i n e e r ing d e s i g n s  
a r e  t o  b e  mad e .  



Comp u t e r  p r og r am s  have b een w r i tten to 
solve for the d e s i r ed r e f l ec t i o n  a nd 
t r a nsm i s s ion c oe f f i c i en ts , a nd n ume r i c al 
r e sul ts have b ee n  pub l i shed to a id i n  the 
s e lec t ion o f  the me sh s i z e  a nd w i r e  r a
d i u s .  Th e se r e s u l ts m a k e  i t  po s s i bl e  to 
d e s ig n  an e f f e c t ive w i r e  m e sh s c r e e n  
w i thout u s i ng a n  e x c e s s i ve amount o f  
m e t a l . Th e same i n fo rma t ion c a n  b e  a p
pl i ed e i the r to s h i el d i ng of unde s i r ed 
s ig na l s  w i th w i r e  me she s o r  to the fo rma
t ion of a d e s i r ed a n te nna pa t t e r n  through 
the use o f  a w i r e  m e sh g round s c r een . A 
c ompute r  p r og r am h a s  a l so been wr i t te n  to 
c al c ul a t e  the f a r - f i e l d  r a d i a t ion pa t t e r n  
o f  a d i po l e  a n tenna o v e r  a w i r e  mesh 
g r ound s c r ee n . 

T h e  wo r k  
e x t ended 
b r a ided 
w i r e  fo r 

d u r i ng t h i s  f i sc a l  year h a s  a l so 
our knowl edg e  of the use of 
c oa x i a l  c able a nd o f  the t r o l l ey 
commun i c a t i o n  i n  m i ne t un ne l s . 

P r opag a t ion 
coal s eam 
bound ed by 
to b e  qu i te 
mun i c a t i on . 

of e l ec tr omag n e t i c  waves i n  a 
( h i g h l y  r e s i s t i v e  mate r i a l ) 
m o r e  c on d u c t i ng r o c k  i s  found 
a t tr ac t iv e  as a means o f  c om-

In FY77 the wo r k  on l o o s e l y  b r a i d ed coax 
w i l l  b e  c o n t i n u ed . An a na l y t i c  s t ud y  
w i l l  b e  unde r ta K e n  o f  t he mag n e t i c  v e c tor 
of the f i eld o f  a d i po l e  loc ated in a 
homogeneous a nd a l so a l aye red ove r bu r d en 
i n  o r d e r  to b e t t e r  a nswer the que s t ion 
a s  to whe the r he l i co p t e r  measu r ements can 
be p r o f i t a b l y  u t i l i zed . 

A t ec h n i que fo r the r ed uc t i o n  of fad i ng 
o n  l i ne-of- s ig h t  p a t h s  by t he u se o f  An
t enna T i l t i ng was c a r r i ed out f o r  the 
FAA . 

On l i ne-o f- s ig h t  pa th s , m u l t i pa th com
�onents wh i c h  o r i g i na t e  below the d i r ec t  
pa th a r e  u s ua l l y  p r e se n t , even thoug h 
the i r  mag n i tude may be sma l l .  Whe n the 
d i r ec t  path is a t tenua ted ( e . g . ,  by a tmo
s phe r i c i nd uc ed d i f f r ac t io n  e f f ec ts ) , the 
m ag n i tud e s  of the o f f -path c omponents 
r e l a t i v e  to the d i r ec t  pa th may bec ome 
l a r g e  enoug h to p r od uc e  d e ep f a d i ng . Th e 
r ed uc t ion of the mu l t i pa th componen t by 
a n te nna t i l t i ng r ed uc e s  the depth o f  
f ad e s .  I t  i s  c l e a r  that t i l t i ng the a n
tenna w i l l  have l i t t l e  o r  no e f f ec t  on 
the d i f f r ac t io n  type fad i ng . Th us , f o r  
p a t h s  wh i c h  e x h i b i t the c ha r a c ter i s t i c  
d e s c r i b ed a bove ( i . e . ,  powe r fad i ng o f  
t h e  d i r ec t  s ig na l  to a l ev e l  wh i c h  
i nd u c e s  mu l t i pa th f a d i ng ) , t i l t i ng the 
a n tenna s u pwa rd s ho u l d  p r ov i d e  som e  
p r o tec t i on a g a i n s t  t h e  d e eper mul t i pa th 
fad i ng . 

An e xpe r im e n t  was c onducted to exam i ne 
t ec h n i que s for improv i ng commu n i c a t io n s  
on m i c r owave l i n k s  wh ich e xpe r ience pe r
i od s  of d e ep fad i ng . Th e exper ime nt wa s 
pe r f o rmed for the F e d e r a l  Av i a t i o n  Ad m i n-
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i s t r a t i o n  over one o f  the i r  r a d a r  m i c ro
wave l i nk s  ( RML ) in s o u t he a s t e r n  Co l o r a d o  
b e tween Fowl e r  a nd B o o n e  ( f igu r e s  4 - 2 7  
a nd 4 - 2 8 ) .  T h e  path f r om Fowl e r  t o  Boone 
i s  a pp r o x imately 50 km long , and the 
ope r a t i ng f r equency wa s 8 1 1 0  MHz . 

T h e  e xpe r iment showed tha t ,  whe n a ntenna s 
w e r e  t i l t ed up to o b t a i n  2 dB d e c r e a se 
o v e r  m a x i mum g a i n  d u r i ng s teady s i g na l  
c o nd i t i on s ,  the fad i ng was r e d u c ed· ove r  
the sys tem u t i l i z i ng u n t i l ted a n tenna s .  
The t i l t i ng techn ique should a l so wo r k  o n  
o th e r  p a t h s  whe r e  su f f i c i en t  a ng u l a r  
sepa r a t io n  b e tween the d i r ec t  a nd r e
f l ec ted rays e x i s t ,  a nd whe r e  a n tenna s 
w i th s u f f i c i en t l y  " s h a r p "  ma i n  b eams a r e  
u se d . 

Th i s  tec h n i que w i l l  r e d u c e  fad i ng when
ever the fad i ng i s  c aused by t h e  i n t e r 
f e r e n c e  between the d i r e c t  pa th c omponent 
a nd one o r  m o r e  c omponents wh i c h  a r e  r e
f l ec ted ( sc a t t e r e d ) f r om b e l ow the d i r ec t  
p a t h , a nd a n  a ntenna w i th-an--a pp r op r i a t e  
pa t te r n  i s  u se d . 

4 . 5 . 4 .  Tr a n sm i s s io n  T h r o u g h  the 
Atmosphe re : Appl i c a t io n s  

A f ive-y e a r  p r og r am planned f o r  the s t ud y  
o f  i n fo rma t i o n  tr a nsm i s s ion p r oblems 1 n  
r ad io l i n k s , a nd t h e  l � bo r a t o r y  s im u l a
t io n  of t ime-v a r i a n t  t r a n sm i s s ion c h a n
ne l s ,  was s ta r ted i n  FY7 5 .  Th e r e  wa s a 
r ec og n i z ed need to d evelop new s ta nd a r d s  
a n d  techni que s f o r  g r e a t e r  i n fo rm a t i o n  
t r a n s f e r  e f f i c i ency i n  a ss i g ned r a d i o  
c hanne l s ,  a nd to p r ov i d e  the l abo r a to r y  
too l s  needed t o  fac i l i ta t e  f u t ur e  s tud
i e s .  

I n  F Y 7 6  the Channel S i m u l a t io n  a nd E v a l 
ua t ion p r o j ec�umma r i z ed and r epo r ted on 
the ope r a t i o n  a nd a ppl i c a t io n  of the ITS 
C h a nnel P r obe in eva l u a t i ng the t im e
v a r i a n t  c ha r ac te r i s t i c s  o f  r ad io tr a n s
m i s s io n  c h a nne l s . The p r o b e  t e c hn i que i s  
b a se d  on the c o r r e l a t i o n  d e te c t i o n  a nd 
p r o c e s s i ng of a w i d eb a nd pse udo- r a ndom 
no i s e  ( PN )  s i g na l , t ra n sm i t ted ove r  a 
pa th i n  b i na r y  f o rma t .  Th e r e c e i v e r  
o utput i s  a mea s u r e  o f  t h e  impul se r e
sponse of the t r a n sm i s s i o n  c ha n ne l . The 
s y s tem h a s  the r e so l u t ion of a nanosecond 
pul se techn i que , b u t  t h r o ug h  t ime-ba nd
w i d th t r ade-o f f s , i t  i s  c a pa b l e  of d a t a  
r a t e s  t h a t  a r e  r ec o r d a b l e  on s tandard 
ana log mag ne t i c  tape sy s tem s . 

Ac t iv i ty o n  th i s  p r o j ec t i n  F Y 7 b  h a s  i n
c l ud e d  the pub l i c at ion o f  a r epo r t  ( OT 
Repo r t  7 6 -9 6 )  wh i c h  comp l e t e l y  d e s c r i b e s  
the c ha nn e l  probe sys tem a nd i ts capab i -
1 i t i e s .  

I n  add i t ion , a sec ond r e po r t  was 
p l e ted wh i c h  pr � se n ts a summa ry 
a n a ly s i s  o f  v a r 1 o u s  m e a s u r em e n t s  
h a v e  b e e n  per fo rmed w i th the sy s tem . 

com
a nd 

that 
The 



Figure 4 - 2 7 . Re cording equipment at Boone , Colorado . 

F igure 4 - 2 8 .  Rece ive antennas at the Boone S i te 
used in the til ting exper iment . 
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l a t t e r  i nc l u d e  impul se r e sponse mea s u r e
ments over t ime-v a r i a n t  m i c r owave t r a n s
m i s s io n  c i r c u i t s , a nd the r e su l ts f r om a 
c omp r ehe n s i v e  set o f  m ea s u r ements a ppl i
cable to l i nk e ng i n e e r i ng p r oblems s u c h  
a s  path c le a r a n c e  a nd r e f l ec t i o n s . Th e se 
mea s u r ements we r e  pe r fo rmed und e r  con
t r a c t  for the U . S .  Ai r Fo r ce ,  a nd the r e
sul ts have b een used d i r e c t l y  to spec i f y  
sys tem ope r a t ing param e t e r s  a nd l i n k  i n
s t a l l a t i o n s  f o r  h ig h - speed d ig i tal commu
n i c a t ion . 

�RDA �o r t  P r og r am .  The Energy Re
sea rch a nd Developm e n t  Admi n i s tr a t io n  i n
h e r i ted f r om AEC the r e spon s i b i l i ty o f  
t r a n spo r t i ng nuc l e a r  weapons f r om s t a t i o n  
s i t e s  to s i l o s  a nd o ther m i l i tary i ns ta l 
l a t io n s . Th i s  r e spo n s i b i l i ty i n c l ud e s  
the d ev e l opment a nd ope r a t i o n  o f  a c om
m u n i c a t i o n s  netwo r k  f o r  l oc a t i o n , t r ac k 
i ng o f  mob i l e  sys tems by headqua r te r s ,  
a nd no rmal command/c o n t r o l  c apabi l i t i e s  
b e twe en mob i l e  sys tems a nd headqua r te r s .  
A netwo r k  employ i ng H F  c ommun i c at io n  
techn i que s wa s d ev eloped b y  a c o n t r ac t or 
d u r i ng the 1 9 6 8  to 1 9 7 0  p e r iod . Th i s  
netwo r k  o r ig i na l ly a ccommo d a ted only 
a na l og voice mod e .  A r ec ent enhancement 
to max i m i ze sec u r i ty a nd r e d u c e  und e s i r ed 
m e ssage t r a f f i c  conver ted the netwo r k  to 
a d ig i tal mod e of ope r a t ion . Conv e r s i o n  
p r oblem s  a nd gene r a l  d i f f i c u l t i e s  i n  
ope r a t iona l managem e n t  r e su l ted i n  ERDA 
r eque s t i ng a ss i s tance i n  impr o v i ng v a r i 
o u s  f un c t io na l  c apa b i l i t i e s  o f  the e x i s t
i ng netwo r k  a nd p r ov i d i ng a comput e r  
management sys tem f o r  plann i ng convoy 
r o u te s  a nd the g e n e r a l  c o n t r o l  o f  s t a t u s  
c ommun icat ions . 

Th i s  p r og r am wa s i n i t i a ted b y  ERDA w i th 
f o u r  tasks : 

1 .  To mea s u r e  em i ss ion 
i s t i c s  o f  the Albuq u e r que s i t e  
t e r  t o  d e te rm i n e  c ompl i a nc e 
s tanda rd s .  

c h a r a c t e r 
tr a n sm i t
w i th OTP 

2 .  T o  m ea s u r e  the pa t t e r n  a nd e f
f ic i ency o f  the a n tenna fo r the po r tab l e  
c ommun i c a t ion sys t em f o r  a l l  f r equenc i e s  
o f  netwo r k  o pe ra t ion . 

3 .  To compl e t e  a d e s i g n  f o r  a 
phys i c al ly sma l l  c on f i g u r a t io n  o f  a n  a n
t en na hav i ng the e f f i c i ency o f  a t  l e a st 6 
d B  advan tag e ove r the c u r r e n t  " r oof top 
a ntenna , "  w i th a phys i c a l  c o n f i g u r a tion 
that wo uld m i n i m i z e  d e t ec t io n  a nd i d e n
t i f i ca t i o n  o f  convoy v eh i c l e s . 

4 .  Th e d evelopment o f  the manag e
ment s uppo r t  p r og r am to a s s i s t  r o u t e  
p l a n n i ng a nd t h e  d ev e l opm ent o f  r epo r t i ng 
r e g u l a t i o n s  f o r  convoy commun i c a t i o n s  
pe r so nne l . 

Subs eque n t  parag r a phs d i scuss p r og r e ss o n  
t he i nd iv i d ual t a s k s  d u r i ng F Y7 6 .  
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A n  i n str umen ted v a n  wa s u t i l i zed t o  meas
u r e  the t o ta l  em i s s i on a t  a l l  ope r a t io n a l  
f r e quenc i e s  o f  t h e  Al buque r q u e  t r a nsc e i v
e r  s i t e .  R .  G .  F i t z Ge r r e l l  a nd s t a f f  
comp l eted a l l  p r ima ry , h a rmon i c , a nd 
s pur io u s  e m i s s ion mea s u r ements and 
r epo r ted va r io u s  v io l a t ion s ,  p r ima r i l y  i n  
the harmonic a nd spu r i o u s  spec t r a l  
r eg io n s . Th i s  w a s  n o t  unexpec ted , s i nc e  
v a r i o u s  f i l te r s  h ad been r em oved f r om the 
c omme r c i a l  equ i pmen t to ac commod a t e  s i te 
constr a i n ts .  A r epo r t  d e t a i l i ng the 
emi s s io n  c h a r a c te r i s t i c s  a nd the a r e a  o f  
v i o l a t i on wa s p r o v i d e d  t o  the sys tems 
manag e r . 

A c ommu n i c a t io n s  van wi th comp l e t e  c ommu
n i c a t i o n  sys tem compo nents wa s t r a nspo r t
ed to Bo u l d e r  and the a n tenna mea s u r e
m e n t s  c omp l e ted a t  the Ta b l e  Mo unt a i n  
s i te by F i tzGe r r e l l  a n d  s ta f f . Two an
t e nna s were employed on t he v a n : a wh i p ,  
o r ig i na l ly developed b y  the SANDIA C o r 
por a t i on , b u t  s ub se q u e n t l y  a b andoned b e
c a u s e  o f  c ommun i c a t i o n s  p r o b l ems ; a nd a 
s i ng l e  loop " l ug gage r ac k "  conf i g u r a t io n  
that r epr e se n ted t h e  m o s t  r ec ent SAND IA 
r ec ommendation for the mob i l e  r eq u i r e
me n t .  W i th the s i te i n s tr um e n t a t i o n  a nd 
a he l icopt e r  moun ted sou r c e ,  compl e t e  
p a t t e r n  mea s u r ements to a l l  ope r a t io n a l  
f r equenc i e s  fo r v e r t i c a l  a nd ho r i zo n ta l  
pol a r i z a t i on we r e  c ompl e ted . S i g n i f i c a n t  
d i f f e r e nces we r e  noted f r om the d e s i g n  
p r e d i c t ion s ,  p a r t i c u l a r l y  i n  r ed uced 
g a i n .  Th e se d a t a wi l l  form the b a s i s  f o r  
r ed e s i g n  o f  the a ntenna sys tem . Th i s  i n
f o rm a t io n ,  w i th the r ed uced d eg r a d a t io n ,  
p r o v i d e s  the b a s i c j u s t i f i c a t io n  f o r  ERDA 
to r e d e s i g n  the a n tenna s y s t em to impr ove 
e f f i c i ency a nd reduc e  the phys i c a l  p r o
f i l e .  

The a n tenna r e d e s i g n  e f fo r t  w i l l  b e  i n i 
t i a t ed i n  e a r l y  FY 7 7  u p o n  subm i s s ion o f  
t h e  f i na l  mea s u r ement r epo r t  to ERDA . 
Th i s  a n tenna wi l l  employ some form o f  
l a r g e  p e r i od i c  s t r u c t u r e  w i th the nec
e s s a r y  l ow phy s i c a l  p r o f i l e  to enhance 
s ec u r i ty o f  the c onvoy . 

The i n i t i a l  d e s i g n  o f  a c ompu t e r  mod e l  to 
a s s i s t  in r o u t e  a nd c o n tr ol p l a n n i ng has 
been comp l e ted . Th i s  mod e l  employs the 
b a s i c  HF p r ed i c t io n  r o u t i ne p r e v i o u sly 
d ev e loped by ITS , w i th d i f f e r ences in  
d a t a  pr e se n t a t i o n  a nd plo t t i ng to ac com
mod a te pl a nn i ng d e s i g n .  I o n o sphe r i c a na 
t empo r a l  data a r e  r e po r ted i n  the manner 
i d e n t i c a l  to the e x i s t i ng H F  manag eme n t  
s uppo r t  mod e l . P l o ts a r e  pr ovi ded o f  
s ig na l  mag n i tude a nd f l u c t ua t i o n  a t  a ny 
d e s i r ed locat ion , w i t h  unce r ta i n t i e s  
q u a n t i f i ed to s uppo r t  t he p r e pa r a t io n  o f  
commun icat ions ope r a t i o n  i n s t r uc t ions f o r  
c onvoy p e r s onne l . Th i s  model w i l l  a l so 
b e  employed f o r  " q u i c k  l o o k "  a s s i s tance 
in d e t e rm i n i ng p r o b l ems in commun i c a t i ng 
w i t h  oper a t i ng sys tems . Th i s  l a t t e r  op
e r a t i o n  is nece ssa r y  whe r e  v o i d s  in c om-



m u n i c a t i o n s  m u s t  b e  qui c k l y  e v a l u a ted b e
f o r e  eme r g ency cond i t i o n s  a r e  a s s um ed . 

F o r  t h i s  p r o g r am ,  the a c t iv i ty i n  FY7 7 
w i l l  p r im a r i l y  c o n c e r n  the d e ta i l ed d e
s ig n  o f  the mo b i l e  a n tenna sys tem a nd the 
c ompl e t i o n  a nd i ns t a l l a t io n  of t he man
a g eme n t  s u ppo r t  m od e l . For the a n tenna 
s y s tem , ERDA w i l l  r e c e i v e  d e s ig n  d a ta a nd 
p e r formance pr ed i c t i o n s , a nd a d e ta i l ed 
t e s t  pl a n .  Fa b r i c a t i o n  o f  the a n te n na 
w i l l  p r e suma b l y  be ac c omp l i s hed by a n  i n
d u s t r ial g r o u p .  

Th e c ompl e t i o n  o f  the d e s i g n  o f  the man
a g em en t  s uppo r t  mod e l  c o n c e r n s  the p r ep
a r a t io n  of d a t a  b a se s ,  a nd the i n teg ra
t ion of p l o t t i ng a nd d i sp l ay r ou t i n e s  
a pp r op r ia te to t h e  p r ev i ou s l y  s i ted p l a n
n i ng r equ i r em e n ts . Th i s  p r og r am w i l l  b e  
i n s ta l l ed on a c omput e r  a t  AFWL o r  SANDIA 

· w i th the a ss i s ta nc e  of ERDA Al buquerque 
pe r sonne l . 

FRA C omm u n i c �t ion S t ud y .  Th i s  p r og r am 
w a s  i n i t i ated by t he F e d e r a l  Ra i l r oad 
Admi n i s tr a t io n  to p r o v i d e  d e t a i l ed opera
t iona l s u ppo r t  r eq u i r em e n ts , u sag e ,  i n
v e s tm en t ,  a nd c o s t  o f  own e r s h i p  i n fo rma
t ion for r a i l road commun i c a t i o n s  s y s t em s . 
Th i s  i nv e s t i g a t ion i s  b e i ng c a r r ied o u t  
t o  suppo r t  V H F  s pec tr um a l l o c a t i o n  i n  r e
sponse to the c o n s i d e ra t io n  by t he Fed
e r a l  Commu n i c a t i o n s  Commi s s io n  of tr a n s
f e r  o f  a l l  o r  pa r t  o f  t he c u r r e n t  Ra i l
r oad I n d u s t r y  a s s i g nm e n ts to ma r i t im e  
o p e ra t io n s . 

The o b j e c t i v e s  h a v e  b ee n  s e t  o u t  a s  f o l 
l ows : 

1 .  Co l l e c t io n  o f  d at a  r e g a rd i ng 
r a i l r o ad c ommu n i c at io n s  o p e r a t i ng p r oce
d u r e s ,  e q u i pm e n t  c h a r a c te r i s t i c s  a nd i n
v es tm e n t ,  u s ag e ,  d epl oymen ts , ope r a t i o n a l  
s uppo r t  r e l a t io n sh i ps ( s a f ety a spec ts , 
c ommand/c o n t r o l  e n r o u te a nd in y a rd op
e r a t i o n s , po l i c e ,  e tc . ) ,  a nd ma r i t ime 
c ommun i c a t io n s  ope r a t i o n s  in po r t  a r ea s .  

2 .  Develop t im e- l i ne d e s c r i p t i o n s  
a nd suppo r t  c apa b i l i ty a na l yse s f o r  ex
i s t i ng RR c ommun i c a t io n s  a nd advanced 
c o n f i g u r a t i o n s ,  a nd c a s e s  o f  r e d u c ed a l 
l oc a t i o n s  o n  pa r t i a l  o r  total r e a s s i g n
m e n t  to a l t e r na t e  f r equency r eg i o n s .  

3 .  P r e pa r e  c o s t  o f  owne r sh i p a nd 
i nv e s tm e n t  i n fo rma t i o n  i n  r e la t ion to 
c ommu n i c a t i o n s  s ys tem usag e a nd RR sys tem 
ope r a t io n s  c a teg o r i e s .  

4 .  P e r form c apab i l i ty a na l y s e s f o r  
r ed uc ed a l l oc a t i o n  a nd r e a l l o c a t ion op
t i o ns ; d ev e l o p  app r op r i a t e  s y s tem c on
f ig ur a t io n s ,  impl ementa t i o n  s c he d u l e s , 
and i nv e s tm e n t  a nd c o s t  of owne r s h i p  e s
t im a te s .  
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5 .  Ana l y z e  sha r e d  a l l o c a t i o n s  b e
twe e n  r a i l r oad a nd ma r i t im e  ope r a t i o n s  i n  
p o r t a r ea s .  De t a i l ed i n ter f e r en c e  po ten
t i a l s  a nd the po s s i b i l i t i e s  f o r  a f o rm o f  
i n teg r a ted c on t r o l  p r oc ess . 

6 .  De s ig n  a nd implement a yard 
f r equency - u s a g e  m ea s u r em e n ts p r og r am . 
Two or thr e e  y a r d s  wi l l  b e  i nc l ud ed , t he 
n um b e r  depend e n t  pr ima r i l y  o n  the opera
t io na l  va r ia b i l i t i e s  a nd compe t i ng env i
r onment d i f f e r en c e s  i nd i ca ted by the RR 
s y s tem p r od u c ed d a t a . 

7 .  Comp l ete a f i na l  tec h n i c a l  r e 
po r t  hav i ng d e t a i l ed requ i r ements , u sag e ,  
p l a n n ing , a nd c o s t  i n f o rmation a nd s up
po r ti ng a na l y s e s  to j u s t i f y  r ec ommenda
t io n s  to spec tr um r eg ul a t i ng a g e nc i e s .  

C o n s i d e r a t i o n  o f  t he t im e  requ i r ed to 
f o rm u l a t e  a c ompo s i te u . s .  p o s i t ion f o r  
t h e  1 9 7 9  w o r l d  Gene r a l  Adm i n i s tr a t i v e  
Rad io Co n f e r e n c e  nec ess i ta t e s  the c omple
t ion o f  t h i s  DoT s t udy wi th i n  a 6 to 9 
m o n th p e r iod . 

Va r io u s  m ee t i ng s  w i th the S u pe r i n tend e n t s  
over Commu n i c a t i on s f o r  t h e  u . s .  r a i l r oad 
c ompa n i e s  h a v e  taken p l ac e .  Co l l ec t ion 
o f  d ata r eg a rd i ng r a i l road commu n i c a t i o n s  
f o r  a l l  a r e a s  a nd ma r i t ime c ommu n i c a t i o n s  
i n  po r t  a r e a s  h a v e  b een c ompl eted . The 
d ev e lopm e n t  of t im e- l ine d e s c r i pt ions o f  
t r a i n  movem e n t s  a nd u s e  o f  s uppo r t i ng 
t e l ec ommu n i c at io n s  have b e e n  s tar tea f o r  
s e l ec ted r a i l r o ad y a r d s . 

T h e  maj o r  e f f o r t  o f  t h i s  p r og ram w i l l  b e  
a c compl i s hed d u r i ng t h e  t r a n s i t ion q u a r 
t e r  a nd i n  F Y7 7 .  

Th i s  p r og r am w i l l  c o n t i n u e  i n to FY77 a nd 
upon the c ompl e t ion of the p r esently a s 
s i g ned t a s k s  a s  l i s ted above und e r  obj ec
t i v e s  wi l l  l ead to a f o l low-on s t ud y .  
The fol low-on s t udy w i l l  i nc l ud e  the use 
of h ig h  data r a te d i g i tal c omm u n i c a t i o n  
to e n hance r a i l r o ad ope r a t i o n s  pax ti c u
l a r l y  i n  the u r ba n  a r ea s .  

H y d r o-Quebec i s  p l a n n i ng a n  ex ten s i v e  
m od e r n i z a t i o n  o f  i ts l a nd mob i l e  r a d i o  
s y s tem . U n d e r  th i s  p r o j ec t ,  e n t i t l ed 
Mo b i l e  A id s ,  �d r o-Quebec , ITS w i l l  de
vrse-·-c omput e r  afds to h e l p  t he d e s ig n  o f  
the n e w  s y s t em a n d  w i l l  supply the se a i d s  
i n  the f o r m  o f  c omp u t e r  p r og rams a b l e  to 
o pe ra t e  at t he sponso r ' s  fac i l i ty .  

I n  FY7 6 w e  have s uppl i ed Hyd r o-Quebec 
w i th p r og r am s to r ed u c e  d ig i tal topo
g ra p h i c  d a t a , to i n te r fac e w i th e x e c u t i v e  
r o u t i n e s , a n d  t o  ut i l i z e  the se d a ta i n  
s e v e r a l  ways . Com b i ned w i th r ad io pr opa
g a t ion mod e l s , the d a t a  c a n  be used to 
e s t imate r e c e ived s ig na l s  a nd so be o f  
d i r e c t  u s e  i n  t h e  s i t i ng o f  base s tat i o n s  
a nd t h e  c ho i c e  o f  a n tenna s tr uc t ur e s .  



C a l ibra ted Ra ng e . I n  1 9 7 1 ,  ITS e s tab
l i shed a c a l i br a ted basel i ne be tween 
Upo l u  Po i n t  and M t . H a l e a k a l a  in Hawa i i .  
The path i s  6 5  km long and e x tends f r om 
nea r sea l ev e l  to 3 0 0 0  m i n  e l e v a t i o n  
s im u l a t i ng a i r c r a f t  to g r o und geome tr i e s .  
I n  the p r e s e n t  pr o j e c t ,  t h i s  c a l ibr a t ed 
l i ne wa s used as a r e f e rence f o r  compa r 
i ng two me thod s o f  m a k i ng r a ng e c o r rec
tions i n  h ig h  a c c u r acy t r ac k i ng sys tems . 
Dur i ng the t e s t  pe r i od , a 3 em m i c r owave 
r a ng i ng i n str um e n t  wa s ope r a ted s im u l 
taneo u s l y  w i th mea s u r ements o f  a tmosph e r 
ic i ndex s t r uc tur e by r ad io sondes a nd by 
a n  a i r bo r ne m i c r owav e r e fr ac tome te r . Th e 
d a ta f r om each o f  the l a t te r a r e  b e i ng 
u sed to c o r r ec t the obse r ve d  r a ng e  d a t a , 
and the c o r r ec ted d a ta w i l l  be c ompa r e d  
w i th t h e  c al ibr ated l e ng th to e v a l u a t e  
both t h e  p r ec i s ion a nd a c c u r a c y  ach ieved 
by each method . The ana l y s i s  o f  the re
f r a c tome t e r  d a t a  h a s  b ee n  compl eted and 
shows a c o r r e l a t io n  o f  0 . 9 9 3  w i th the 
m i c r owave r a ng e d a t a . U s i ng the f o r m e r  
a s  the c o r r ec t io n  f o r  the l a t te r , the 
e s t imated s tanda r d  d ev i a t i on for the mean 
c o r r ec ted r a ng e  i s  1 . 6  em . 

FM Coverag e .  Th e pu r po se o f  t h i s  i n te r 
e s t i ng p r o j e c t  wa s t o  p l o t  m a p s  such a s  
those i n  fig u r e  4 - 2 9  show i ng h o w  t h e  to
ta l i ty of s t and a rd FM b r o a d c a s t  s ta t io n s  
cove r t h e  c o t e rm i no u s  Uni ted S t a t e s .  I t  
w a s  d o n e  f o r  the Fed e r a l  Commu n i c a t i o n s  
Comm i s s i o n  ( FCC ) to p r o v i d e  some sma l l  
amou n t  o f  he lp towa r d s  d e c i d ing po l i cy 
q u e s t i o n s  conc e r n i ng a ur a l  r ad i o ,  b o th FM 
a nd AM . 

The maps we r e  c o n s tr uc ted by c omput e r  us
i ng the FCC d a ta base o f  4 2 3 5  b r o a d c a s t  
s ta t ions a nd t h e  OT c o l l ec t ion o f  env i 
r onmental d a t a  i nc l ud i ng ave r a g e  t e r r a i n  
e l ev a t i o n s  a n d  the t e r r a i n  i r r e g u l a r i ty 
param e t e r s  � h .  The shad i ng i n  the se maps 
con s i s t s  o f  a l a r g e  number o f  " spo t s "  
who se d a r k n e ss i s  con t r o l l ed by h o w  much 
of each spo t is b l ac k ened , j u s t  a s  i n  the 
u s u a l  photog r a v u r e  p r o c e ss . The d eg r e e s  
o f  shad i ng show whe r e  the r e  i s  no cover
age ( wh i te ) , whe r e  the r e  i s  c overage by a 
s i ng l e  s t a t i o n  ( l ig h tly d o t ted ) , whe r e  
the r e i s  coverage by t wo o r  mo r e  s t a t i o n s  
( h eav ily d o t t ed ) , a nd whe r e  c o v e r a g e  c o n
s i s ts so l e l y  o f  one o r  mo r e  1 0  w a t t  
( c l a s s  D )  s t a t i o n s  ( very d a r k ) .  I n  f ig
u r e  4 - 2 9 ( a )  i s  shown the c a se whe r e  F ( 5 0 ,  
50) � lmV/m ( i . e . , whe re 5 0 %  o r  more o f  
the l o c a t i o n s  r ec e i v e  a s i g na l  o f  a t  
l ea s t  one m i l l i v ol t pe r meter  f o r  a t  
l ea s t  5 0 %  o f  the t ime ) , wh i l e  f i g u r e  4 -
2 9 ( b )  i l l u s tr a t e s  the c a se whe r e  F ( 5 0 ,  
SOT'2:-

5 0 � V/m . By s imply c o u n t i n g  the 
spo ts we f i nd that 8 4 %  of the l a nd a re a  
o f  t h e  u . s .  i s  s e r ved by a t  l ea s t  one F M  
s ignal  hav i ng a f i e l d  s t r eng th o f  5 0 � V/m 
or more . An a na l y s i s  o f  the e r r o r s  i n
volved seems to show that wh i l e  the r ep
r e sentat ion of cove r ag e  by i nd i v i d u a l  
s ta t ions m a y  som e t im e s  b e  qu i te e r r one-

o u s , the percentage quo ted above sho uld 
b e  accurate to w i th i n  a pe r c en t .  

4 . 5 . 5 .  Spec i a l  Appl i ed 
E l ec tr omagne t i c  Sc i ences 

A u tomo t iv e  Rad a r  Rese a r ch . T h e  Of f i c e  of 
T e l ec ommun i c a t i o n s  has been a ss i s t i ng the 
Na t ional H i g hway T r a f f i c  S a f e t y  Adm i n i 
s t r a t ion f o r  t h e  pa s t  t h r e e  yea r s  i n  a 
s t ud y o f  the f e a s i b i l i ty o f  the a ppl i c a
t io n  o f  r a d a r  sys tems a s  s e n so r s  f o r  a u
tom a t i c  v e h i c u l a r  b r a k i ng d e v i c e s .  The 
t h i r d  pha se o f  t h i s  i nv e s t i g a t io n  was 
comp l e ted in  November 1 9 7 5 .  

P r o b l em s  a d d r e ss e d  i n  th i s  most r ec ent 
phase were i d e n t i f i ed d u r i ng the Phase I 
and I I  s t ud i e s  a s  a r e a s  r eq u i r i ng f u r the r 
i nve s t i g a t ion . These a r ea s  i nc l u d e  the 
d eg radat ion o f  the pe r f o rmanc e of r e a l i s
t i c  automo t i v e  r a d a r  sys tems by r a i nfa l l , 
the i n v e s t ig a t i o n  of the e nc o u n t e r  p r ob
a b i l i t i e s f o r  the s i t u a t i o n  i n  wh i c h  
t h r e e  o r  m o r e  veh i c u l a r  r ad a r s m u t u a l l y  
i nt e r f e r e , a nd t h e  e f f ec t s  o f  r e a l i s t ic 
a n tenna r a d i a t io n  pa t te r n s  in the d etec
t io n  o f  non- h a za r d ou s  t a r g e t s  located on 
the pe r i phe r ies of typ i c a l  ho r i z o n ta l  
h ig hway c ur v e s .  

In addi t i o n  t o  the se t a s ks , a pro to type 
b a seband r a d a r  sys tem wa s e v a l u a ted f o r  
i ts a b i l i t y  to d e t ec t  a u t omo t i v e  t a r g e t s . 
A ba seband radar  i s  a sys tem wh i c h  use s 
e x t remely n a r r ow ba seband pul se s f o r  
t a r g e t  i l l u m i na t ion , obv i a t i ng t h e  need 
for a r a d i o - f r e quency c a r r i e r  a nd hence 
much o f  the c omp l ex i ty of conven tional 
r ad a r s .  

Re sul ts o f  the Phase I I I  t a s K s  i n d i c a t e  
that cw r ad a r s  o pe r a t i ng a b o v e  2 0  GHz  
( wh ic h  i s  the l owe s t  f r eque ncy at  which 
a u t omo t ive r ad a r s  a r e  expec ted to b e  
a l l owed t o  ope r a t e ) w i l l  s u f f e r  seve r e ly 
r ed uc ed range pe r f o rmance i n  the p r e sence 
of l ig h t  r a i n .  Pul sed system s , however , 
a r e  expec ted to p r o v i d e  a c c eptable m a x i 
m u m  r a ng e  pe r fo rma nce ( � 1 0 0  m )  e v e n  a t  
r a i n f a l l  r a t e s  e x ceed i ng 5 0  mm/h r .  

The mul t i pl e-ve h i c l e  i n t e r f e r e nce s tud y 
s howed that mu tual i n t e r f e rence among 
t h r ee o r  mo r e  a utomo t i v e  r ad a r s  i s  h ig h l y  
u nl i kely , a nd tha t t h e  m o s t  l i Kely s i tua
t i o n  i n  wh i c h  i n t e r f e r ence c o u l d  occ u r  i s  
the c ase i n  wh i c h  two v e h i c l e s  a ppr oach 
each o ther i n  a head-on co n f ig u r a t i o n  
a l ong a s tr a ig h t ,  na r r ow r o adway . Po ten
t i a l  so l u t i o n s  f o r  th i s  type o f  e nc o u n t e r  
w e r e  d i s c u s se d  i n  t h e  P h a s e  I I  i nv e s t i 
g a t io n . 

Th e s t udy o f  a n tenna pa t t e r n s  a n d  the i l
l um i na t ion o f  r oad s i d e  t a r g e t s  i nd ic a t ed 
that s i d el o be l ev e l s  m u s t  be K ept a t  
l e a s t  2 0  dB below t h e  m a i n  l o be peak i n  
o r d e r  t o  m i n im i z e t h e  d et e c t i o n  of the se 
non-h a z a r d ous targets . S i g n i f i cant f a l se 
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Figure 4 - 2 9 a .  Estimated coverage of the u . s .  by FM stations 
for F ( 5 0  , 5 0 )  > lmV /m . 

Figure 4 - 2 9b . Estimated coverage of the u . s .  by FM stations 
for F ( 5 0 ,  5 0 )  � 50 �V/m . 
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a l a rm p r o bl em s  wi l l  develop i f  p r o p e r  
d i sc r im i na t i o n  a g a i n s t  t h i s  c l ass o f  t a r 
g ets i s  n o t  p r o v i d ed . 

The eva l ua t io n  o f  the b a seb and r a d a r  sys
tem showed that t h i s  tec h n i que is c apa b l e  
o f  d e tec t i ng a l l  type s o f  v e h i c u l a r  t a r 
g e ts , a s  we l l  a s  ped e str ia n s  a nd cy
c l i s t s . Muc h d evelopment wo r k  is  r e
q u i r ed , howeve r ,  b e f o r e  suc h a sys tem 
c ou l d  be c on s id e red a s  a b r a k i ng senso r . 

These r e su l ts w i l l  be used by NHTSA i n  
the i r  d e t e r m i n a t i o n  o f  the need to formu
l a t e  a Fed e r a l  Mo to r Veh i c l e  Sa fety 
S t a ndard f o r  radar  b r a k i ng s y s tems . I f  
such a s tanda rd i s  wr i t ten , t he wo r k  per
f o rmed by OT/ I TS w i l l  c o n tr ibute subs tan
t i a l ly to the techn i c a l  c o n t e n t  of the 
s tandard . 

Mul t ipl� Re c e i v e r  .§.y§_tem _@_�!_-T I ) .  Th e r e  
i s  a c r i t i c a l  sho r tage o f  E l ec tronic W a r 
f a r e  ( E W )  t r a i n i ng equ i pmen t i n  the A i r  
Fo r c e .  The impa c t  o f  the sho r tag e o f  
t h i s  e q u i pment h a s  a d i r ec t  e f fec t o n  o u r  
Ope r a t io na l  Fo r c e s  c ombat capab i l i ty . 
Th e r e  i s  a n  immed i a t e  need f o r  adequate 
a nd r ea l i s t ic s im u l a t ed e nemy - t h r e a t  sys
tem s  a s  we l l  as a ppr op r i a t e  r ec e i v i ng /  
a na l y s i s  sys t ems t o  e v a l u a t e  t h e  e f fec
t iveness of e l ec tr on i c  counter mea su r e s  
( ECM ) employed ag a i n s t  the se sys tem s . 

The proj ec t o bj e c t i v e  i s  the devel opme n t ,  
d e s i g n ,  a nd p r o c u r ement o f  a m u l t i p l e  r e
c e i v e r  sys tem fo r d eploymen t by t he A i r  
F o r c e  S e c u r i ty S e r v i c e , E l ec t r o n i c  W a r 
f a r e  Cente r , K e l l y  AFB , Te xas , i n  suppo r t  
o f  e l ec t r o n i c wa r fa r e  tests a nd e x e r 
c i s e s . Th e d e s ig n  obj e c t i v e  i s  to p r o
v i d e  a p r o to type mod el wh ich w i l l  form 
the b a s i s  f o r  f u t u r e p r od uc t ion mod e l s  to 
b e  d epl oyed by the S t r a teg ic A i r  Command 
and Ta c t i c a l  Ai r Comma nd for s im i l a r  m i s
s io n s  r e l a ted to ope r a t iona l t e s t i ng , 
t r a i n i ng , a nd ev a l ua t ion d u r ing EW t e s ts 
and e x e r c i s e s .  

The d evelopm e n t  and d e s i g n  o f  the pr o to
t ype sys tem i nv o l v e s  a u toma tion of hard
wa r e  c omma nd a nd control f un c t i o n s  a s  
we l l  a s  a na lys i s  o f  measurements d u r i ng 
the c o nd u c t  o f  EW t e s t s a nd e x e rc i se s  f o r  
eva l u a t i ng a i r cr e w a nd g r o u nd f o r c e s  
t r a i n i ng e f f i c i ency und e r  s im u l a ted c om
bat cond i t io n s . It is req u i r ed that the 
p r o to type sys tem p r o v i d e  for  f l ex i b i l i ty ,  
a nd g r owth po te n t i a l  to meet p r e se n t  a nd 
f u t ur e  Ai r Fo r c e s  u s e r  r eq u i r em e n t s . 
I n i t i a l l y , the p r o to type mul t i pl e  r ec e iv
e r  sys tem w i l l  b e  d iv id ed to provide i n
d epend e n t  capa b i l i t i e s  f o r  app l icat ion to 
c ommun i c a t ion EW t e s ts a nd e x e r c i s e s  i n  
the f r equency r a ng e  5 0 0  k H z  to 5 0 0  MHz 
and rada r EW t e s ts a nd e x e r c i se s  i n  the 
f r equency r a ng e 100 MHz to lB GHz . 

The proj e c t  wa s i n i t i a t ed i n  Fe b r ua r y 
1 9 7 6 ,  a nd a deta i l ed s tatement o f  wo r k  
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a nd spec i f i c a t i o ns f o r  the p r o to type sys
t em s  we r e  prepared . Rev iew o f  the p r e
l im i na r y  d e s i g n  b y  o the r Ai r Fo r c e  ope r 
a t i ng comma nd s i n d i c a t e s  t h e  need t o r  mo
d i f i c a t io n s  to meet new r e qui r ements . 
P r o c u r ement of maj o r  h a r d wa r e  i tems i s  
e s s e n t i a l l y c ompl ete . De s i g n  chang es to 
a c c ommod a t e  new r eq u i r ements a r e b e i ng 
p r epa r ed for  r ev i ew ,  wi th f i na l  d e s i g n  
e xpec ted i n  September 1 9 7 6 .  

A Sympo s i um on M i l l imete r-Wave U t i l i za-
t io n  was held i n  FY7 b .  

· 

A c o n fe r e nc e  on the appl icat ions o f  mm 
waves to c ommun i c a t io n s  wa s he ld d u r i ng 
Ma r c h  2-4 , 1 9 7 6 .  The p u r po se o f  the 
m e e t i ng was to e n c o u r a g e  the exchang e  of 
v i ews among sev e r a l  a r e a s  o f  ac t iv i ty 
r e l a t i ng to the use o f  the r ad io spec tr um 
a bove 10 GHz f o r  commu n i c a t ion . Fo r ty 
p e r sons a t tended r e pr e se n t i ng manufa c t ur 
e r s ,  u se r s , f r equency manag e r s ,  a nd 
s tand a r d s  a nd p r opag a t i o n  r e se a r ch wo r k 
e r s .  The o r g a n i z a t i o n s  r ep r e sen ted i n
c l ud ed p r ivat.e i nd u s tr i e s ,  u n i v e r s i t i e s ,  
a nd both m i l i t a r y  a nd c i v i l i a n  g ove r nmen t 
agenc i e s . I n  the f i r s t  pl ena ry s e s s i o n s , 
e i g h t  spea k e r s  p r e sen ted repo r ts o n  
v a r io u s  a spec t s  o f  t h e  c o nf e r ence topi c 
g ene r a l l y empha s i z i ng the pr oblems wh i c h  
appear to be l im i t i ng g r e a t e r  u s e  of the 
r ad io spec t r um above 10 GHz . 

1 .  

2 .  

3 .  

4 .  

" A  New App r o a c h  to MM Waves , "  
M r . N . E . Feldman a nd Dr . S . J .  
Dud z i ns ky , RAND C o r p . 

" M i l i ta r y  P l a n s  f o r  MM Wav e s , "  
Dr . P • J a i n  , D • C • A • 

" Some Aspe c t s o f  MM-Wave Re
s e a r c h  a t  B . T . L .  , "  Dr . L .  T i l 
l o ts o n , Be l l  Lab s .  

" The Ro l e  o f  the FCC , "  Mr . A .  
Re i ne r ,  FCC . 

5 .  " Su r vey o f  S o l i d  S t a t e  I'IM viaves 
S o u r c e s , "  Dr . B .  Fank , Va r i a n .  

6 .  " Commun i c a t io n  S a te l l i t e s , "  
Dr . L .  Ippo l i to ,  NASA . 

7 .  " l"ii l l im e t e r  wave P r opa g a t i on 
o n  Te r r e s tr i a l  and Ear th-Space 
Paths , "  Dr . D. Hogg , Be l l  Lab s . 

8 .  " El ec t r omagne t i c s , "  Dr . H .  
Boyne , NB S .  

A r e po r t  o n  the p r o c eed i ng s , wi th r ec om
m e nda t ions , is c u r r e n t l y  i n  p r e pa r a t i o n  
a nd should b e  pub l i shed i n  Sep temb e r  
1 9 7 6 .  
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ANNEX VI 
GENERAL AND H I STORICAL IN FORMAT ION OF ITS 

The I n s t i tute for  Te l ecommu n i c a t io n  Sc i
e nc e s ,  l a r g e s t  component o f  the O f f i c e  of 
T e l ecommu n i c a t i on s , is l o c a t ed at the 
Bo ul d e r  Labo r a to r i e s  of the Depa r tment o f  
Comme r ce , a nd h a s  ( a s o f  J u n e  3 0 , 1 9 7 6 )  a 
f u l l - t ime permanent s ta f f  o f  1 1 2  a nd 
o the r s ta f f  o f  5 7 . I n  FY 1 9 7 6 , i ts sup
po r t  cons i s ted of $ 1 . 1 m i l l i on o f  d i r e c t  
f un d i ng f r om Comme r c e  a nd $ 8 . 0  m i l l io n  i n  
wo r k  sponsor ed by o t h e r  F e d e r a l  agenc i e s .  

The Boulder La bo r a to r i e s  i nc l u d e  r e se a r c h  
a nd eng i nee r i ng components o f  the Na t i on
a l  B u r e a u  of S t anda r d s , the Nat ional 
Oceanic and Atmo sphe r i c Admi n i s tr a t i o n , 
a nd the Of f i c e  o f  Te l ecommu n i c a t ions . 
Common admi n i s tr a t iv e  s e r v i c e s  a r e the 
r ul e  i n  the Bo ul d e r  La bo r a to r i e s .  The 
Rad i o  B u i ld i ng , wh i c h  h o u se s I T S , is on 
the Na t i onal B u r e a u  of S t a nd a r d s  c ampu s 
a t  3 2 5  B r oadway . I n  add i t io n  to I TS , the 
O f f i c e  o f  Te l ecommu n i c a t i o ns a l so has i t s  
Po l i cy Re search D i v i s i on l o c a ted i n  the 
3 0 t h  S t r e e t  B u i l d i ng off B a se l i ne Ro ad in 
Bould e r . 

Th e fo l low i ng br i e f  h i s to r y  shows i t s  NBS 
beg i nn i ng s .  The Rad io Se c t i o n  o f  the 
N a t ional B u r e a u  of S t a nd a r d s  wa s fo unded 
p r i o r  to Wo r l d  War I ,  a nd p l ayed a maj or 
r o l e  in the evo l u t i o n  of o u r  u nd e r s tand
i ng o f  r ad i o  p r opag a t i o n . D r . J .  H .  
Del l i ng e r , i ts d i r ec tor f o r  m o s t  o f  the 
pe r io d  up u n t i l  Wo r l d  War I I ,  wa s s tr ong
l y  conv i nc ed o f  the i mpo r ta nc e  o f  r e
s e a r ch and g ave i t  prac t i c a l  appl ication 
a s  f i r s t Chai rman o f  the S t ud y  G r ou p  o n  
I o n o sphe r e  P r opa g a t i o n  i n  t h e  C C I R .  

Dur i ng Wo r ld W a r  I I ,  the I n t e r se r v i c e  
Ra d io P r opag a t i o n  Labo r a to r y  ( I RP L )  was 
o r g a n i zed at the Na t i onal B u r e a u  o f  
S t a nd a r d s , under the d i r e c t i o n  o f  Dr . 
Del l i ng e r . H i s  g r o up p r o v i d e d  a c ommon 
f o c u s  for  m i l i ta r y  needs i n  pr opag a t io n  
d u r i ng t h e  wa r .  I n  1 9 4 6 , t h e  C e n t r a l  
Rad io P r opa g a t i o n  La bo r a to r y  ( CRP L )  wa s 
e s ta b l i shed , a nd i n  i ts e a r l y  ye a r s  had 
d i r ec t t i e s  w i th the De f e n se D e pa r tment ; 
f o r  examp l e , s e n i o r  o f f i c i a l s  o f  DoD 
would a ppear befo r e  Cong r e ss to d e fend 
the C RP L  b ud g e t .  In 1 94 9 ,  Co ng r e ss ional 
concern f o r  the v u l ne r a b i l i ty of gov
e r nme n t  l abo r a t o r i e s  l o c a t ed i n  Wash ing
ton , D . C . , a nd the c r owd i ng o f  the NBS 
C o nnec t i c u t  Av enue c ampu s made it ad v i s
a b l e  f o r  the r a d i o  r e sea r c h  wo r k  to b e  
t a k en e l sewhe re . 

Th r e e  s i t e s , one i n  Ca l i fo r n i a ,  one i n  
C o l o rado , and one i n  I l l i no i s ,  we re con
s id e red , a nd Bo ul d e r , C o l o r ad o ,  wa s se
l ec ted . Th e f i r s t  g r oup f r om C RP L ,  wh ich 
at tha t t im e  i nc l uded rad i o  s ta nd a r d s  
wo r k , moved to Co l o r ado i n  1 9 5 1 , a nd the 
move wa s c ompl eted in 1 9 5 4 , d u r i ng which 
y e a r  P r e s id e n t  E i senhowe r d ed i c ated the 
NBS Rad io B u i l d i ng . The Ra d i o  S t a nd a r d s  
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p r og r am l e f t  C RP L  a t  t h e  t im e  o f  t h e  move 
to B o u l de r , a nd has p u r sued a pa r a l l e l  
e x i s tence a t  Bo ulder i n  N B S  s i nce that 
time . 

I n  1 9 5 4  C RP L  c on s i s ted o f  two r e se a r c h  
D i v i s i o n s : Rad i o  Po r pag a t i o n  Phys i c s  a nd 
Rad i o  P r o pa g a t i o n  Eng i nee r i ng . Th e Rad io 
Sys t em s  d iv is io n  wa s fo rmed i n  1 9 5 9 . I n  
1 9 6 0  the Uppe r Atmosphe r e  a nd Space Phys
i c s  D i v i s i o n  a nd the Ionosph e r e  Re s e a r c h  
a n d  P r opag a t i o n  D i v i s i o n  we r e  f o rmed f r om 
the Rad i o  Pr opag a t i o n  Phys i c s  D i v i s io n .  
I n  1 9 6 2 ,  CRPL r ec e i v ed a f u l l- t im e  D i r ec
tor , Dr . C .  G o r d o n  Li t t l e . In 1 9 6 5 , Dr . 
H .  H e r be r t  Ho 1 loma n ,  f i r s t A s s i s ta n t  Sec
r et a r y  for Sc i enc e and Technology i n  
Comme r c e , i mp l emen ted a d ec i s i o n  to u n i f y  
g eophys i c s  i n  Comme r ce w i th the c r ea t io n  
o f  t h e  Env i r o nmental Sc i e nc e  S e r v i c e s  
Admi n i s tr a t io n  ( E SSA ) , m a d e  up o f  the 
Weathe r B u r ea u ,  the Co a s t  and Geod e t i c  
S u r v e y , a nd t h e  C e n t r a l  Rad i o  P r opag a t i o n  
Labo r a to r y . A t  that t ime t h e  CRPL w a s  
r enam ed t h e  I n s t i tute f o r  Te l ecommunica
t io n  Sc i enc e s  a nd Ae r on omy ( I TSA ) . I n  
1 9 6 7 , t h e  I n s t i t ute for  Tel ecommu n i c a t i o n  
Sc i ences c am e  i n to b e i ng . I t  c o n t a i ned 
the t e l e c ommun i c at ions-or i ented ac t i v i 
t i e s o f  ITSA . Dr . E .  K .  Sm i th s e r v ed a s  
a n  i n t e r im D i r e c tor f o r  o n e  y e a r  and was 
f o l lowed by R.  c. K i r by who was D i r e c to r  
f o r  the e n s u i ng t h r e e  yea r s .  

Meanwh i l e ,  i n  W a s h i ng ton , maj o r  a t t e n t i o n  
was b e i ng g iv e n  t o  t h e  o r g a n i za t i o n  o f  
t e l ec ommu n i c a t i o n s  i n  the Fed e r a l  e s
tabl i s hm e n t ,  a nd the Depa r tm e n t  o f  Com
m e r c e  e s tab l i shed an Of f ic e  of Te l ecom
m u n i c a t i o n s  in 1 9 6 7 . Re o r g an i za t i o n  P l a n  
No . 1 o f  1 9 1 0 a nd Exec ut iv e  Or d e r  1 1 5 5 6  
e s tabl i shed t h e  O f f i c e  o f  Tel ecommu n i c a 
t io n s  Po l icy ( OTP ) i n  t h e  Exec u t i v e  
O f f i c e  o f  t h e  P r e s i d en t ,  a nd a s s i g ned 
add i t io n a l  r e spon s i b i l i t i e s  to the S e c r e 
t a r y  o f  Comme r c e  i n  s uppo r t  o f  OTP . To 
meet the se r e spon s i b i l i t i e s , the O f f ic e  
o f  Te l ecommu n i c a t io n s  ( OT )  wa s g iv e n  ex
panded r e spo n s i b i l i t i e s  o n  Sep t ember 2 0 , 
1 9 7 0 ,  a nd ITS , a long w i th i ts prog r am s , 
prope r ty ,  p e r so nnel , a nd f i s c a l  r e so ur c e s  
w a s  t r a n s f e r r ed t o  OT . w h i l e  no m a j o r  
o r g a n i z a t ional c hang e s  h a v e  t r a nspi r e d  
s i nce that t ime , maj o r  chang e s  i n  p r og r am 
emph a s i s  have been made . 

I n  1 9 7 1 ,  Do ug l ass D .  Cr om b i e  became 
D i r ec to r  of ITS . I TS has sh i f ted f r om 
i ts s tr ong emph a s i s  on r a d i o  wave pr opa
g a t io n  a nd a ntennas s i nc e  1 9 7 0 , i n  the 
d i r ec t i o n  of a ppl i c a t i o n s  i n  spec tr um 
management and i n  telecommu n i c a t io n  sys
t ems . 

I TS a nd i ts pr edec essor o r g a n i z a t ions 
have always p l ayed a s t r o ng r o l e  in  pe r 
t i ne n t  sc i en t i f i c  ( URS I ) ,  p r o f e s s i o n a l  
( I EE E ) , na t i onal ( IRAC ) , a nd i nt e r na t i o n -



a l  ( CC I R )  gove r nmental ac t iv i t i e s .  The 
c h a i r ma n s h i p  of S t ud y  G r o up 6 ( I o no
s ph e r ic P r opag a t i o n )  o f  the C C I R  ha s al
ways r e s i d ed in  I TS or  i ts p r edecessor 
o r g a n i z a t ions . The Di r e c t o r  o f  C C I R  f r om 
1 9 6 6  to 1 9 7 4  wa s Jack w .  He r b s tr e i t ,  a 
f o rm e r  De pu t y  D i r e c to r  o f  CRPL a nd I TSA , 
a nd the c u r r e n t  CC I R  D i r e c t o r  i s  Richard 
C .  K i r by ,  formerly D i r ec to r  o f  I TS . At 
the p r e se n t  t im e ,  the U . S .  p r e par atory 
wo r k  for  f o ur o f  the e l ev en s t ud y  g r oups 
o f  CCIR i s  d i r ec ted by m ember s  of ITS 
( U . S .  Study G r o up s  1 ,  3 ,  5 ,  a nd 6 ) ,  and 
s ta f f  m em be r s  o f  ITS pa r t i c i pa t e  in many 
o f  the other Study G r oups . I TS a c t iv ely 
s uppo r ts the I n terag ency Rad io Adv i so r y  
Comm i ttee ( I RAC ) , a nd the Ch a i r m en o f  i ts 
S tandards Wo r k i ng G r oup ( J .  A .  Hu l l )  and 
the P r opag a t i o n  Wo r k i ng G r o up ( W .  F .  
U t l a ut ) o f  the Te chnical Su bcommi ttee a re 
m em b e r s  o f  I TS managem en t .  

The wo r k  wh i c h  ITS d o e s  f o r  o the r ag en
c i e s  i n  the g ov e r nment d e r iv e s  i ts l eg a l  
a u thor i t i e s  f r om 1 5  u . s . c . 2 7 2 ( e )  " Ad v i
s o r y  S e r v i c e s  to Gov e r nment Ag enc i e s  on 
S c i e n t i f i c  and Techn i c a l  P r oblems"  a nd 1 5  
u . s . c . 2 7 2  ( f ) " I nven t i o n  a nd Developm ent 
o f  De v i c e s  to S e r v e  Spec i a l  Need s o f  
Gov e r nment . "  A s  a matte r o f  Federal  pol
i c y , the Of f i c e  of Te l ecommu n i c a t i o n s  
d oe s  n o t  a c c e p t  wo r k  mo r e  a pp r opr iately 
d one by o th e r  non- g o v e r nment or  g ov e r n
m e n t  o r g a n i z a t io n s . I t  i s  a l so a matter 
of  po l i cy that all  spo n s o r e d  wo r k  r e i n
f o r c e  OT ' s  o v e r a l l  prog r am and that i t  be 
c l ea r  that o ther agenc i e s ,  i n d u s t r i e s , or 
u n i v e r s i t i e s  could n o t  s e r v e  equa l l y  we l l  
o r  bett e r . 

W i t h i n  the se po l i cy g ui d e s ,  ITS a sp i r e s  
to bei ng t h e  Fed e r a l  labo r a t o r y  f o r  r e
s e a r ch Til tel ecommun i c a t i ons . I t  i s  
c l ea r that the g ov e r nment has a r e spo n s i 
b i l i ty to pur sue long - r a ng e  s t ud i e s  i n  
t e l ec ommu n i c a t i o n s  w h i c h  a r e  n o t  eco nom
i c a l l y  p r of i table f o r  i n d u s tr y . It i s  
a l so c l e a r  th a t  the g o v e r nment m u s t  have 
i ts o wn , i ndepe nd e n t  l a b o r a to r i e s  to 
a s s e s s  the s i g ni f i c ance of r e se a r ch con
d uc t ed e l sewhe r e . Towa r d s  the se ends , 
I TS s tr i v e s  to m a i n ta i n  a k n owl ed geable 
s ta f f  that i s  wo r k i ng on the f r on t i e r s  o f  
technology and i s  i n  touch w i th the t e l e
c ommu n i c a t i o n s  p r o b l em s  o f  the Fed e r a l  
Gov e r nmen t .  I t s  p r og r am s  a nd f u t u r e  
d i r ec t i o n s  a r e  suc c i n c t l y  g iv en i n  the 
F o r eword of th i s  r e po r t  by I TS D i r e c t o r  
D .  D .  C r omb i e .  

The Dep�r tment o f  D e f e n s e  has l ong been 
the pr 1ma r y  s o u r c e  of advanced 
t ec hnolog y . At the p r e s e n t  t ime , the 
l a rg e s t  pa r t  o f  the o th e r agency 
sponso r sh i p  of ITS comes f r om needs of 
the Depa r tment of Defense . Howe v e r , 
the r e  i s  a l so a c lea r n e ed f o r  r e l evance 
t o  na t i ona l g oal s on the c i v i l i an s id e  of 
the Fed e r a l  e s tabl i shmen t .  ITS i s  
t he r e fo r e  mov i ng to i nc r e a se i ts wo r k  
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w i th the c iv i l  s i d e  o f  the F e d e r a l  
g ov e r nm en t .  The agenc i e s  i n  the c iv i l i a n  
s ec to r  a r e  f r equently a l so i n  the h i g h  
technology a r ea , f o r  e x ampl e the FAA and 
NAS A ,  f o r  which ITS has done , a nd con
t i nue s ,  v e r y  impo r tant wo r k  in nav iga
t io n ,  c o l l i s io n  a v o id a nce , s a t e l l i te c om
m u n i c a t i o n s , a nd rel ated wo r k .  

I t  i s  a ppr opr iate i n  conc l u s ion to r e 
empha s i ze t h e  envi r onment i n  wh i c h  I T S  
e x i s t s  i n  t h e  Depa r tm ent o f  Comme r c e  
Bo u l d e r  La bo r a t o r i e s .  T h e  c omponents o f  
NBS , NOAA , and OT which make up the 
Bo ul d e r  La bo r a to r ie s  a r e  po r tr ayed on the 
c ha r t  on the i n s id e  of the b a c k  c o v e r . 
I t  i s  r ea d i l y  seen that ITS r eaps many 
advantag e s  f r om the c ommon s e r v i c e  s tr uc 
t u r e  o f  the se Labo r a to r i e s  which a r e  n o r 
m a l l y  o nl y  a v a i l able to a n  o r g a n i za tion 
many t im e s  the s i ze of ITS . 

-tru. S. GOVERNMENT PRINTING OFFICE 1976 · 679·884/504 Reg. 8 
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