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LOKAN-C, - AN OVERVIEW 

LT W i l l i a m  J .  THRALL 
U.S.  C o a s t  Guard 

Y a s h i n g t o n ,  D.C, 20593 

I A b s t r a c t  ---- 

In 1 9 7 4  Loran-C was s e l e c t e d  t o  be t h e  g o v e r n -  
m e n t - p r o v i d e d  r a d i o n a v i g a t i o n  system f o r  t h e  U.S. 
C o a s t a l  Confluence Zone a n d  t h e  Great Lakes .  T i t l e  
1 4 ,  U S C  81  s t a t e s  that t h e  U.S. C o a s t  Guard may e s t a b -  
l i s h  a n d  m a i n t a i n  e l e c t r o n i c  a i d s  t o  o p e r a t e  marine 
n a v i g a t i o n  r e q u i r e d  t o  s e r v e  t he  n e e d s  o f  t h e  m i l i t a r y  
a n d  colninerce of  t h e  U n i t e d  S t a r e s .  

Loran-C i s  a h i g h l y  a c c u r a t e  p o s i t i o n i n g  s y s  tern. 
It o p e r a t e s  at: a n  a s s i g n e d  f r e q u e n c y  of  1 0 0  k H z ,  a n d  
p r o v i ~ l e s  p h a s e - c o d e d  p u l s e s  t o  d e v e l o p  h y p e r b o l i c  
t i m e - d i f f e r e n c e  l i n e s - o f - p o s i t i o n  (LOP'S). In a d d i -  
t i o n  t o  p r o v i d i n g  f o r  r a d i o n a v i g a t i o n ,  Loran-C a l s o  
p r o v i d e s  p r e c i s e  t i m e  and tirne i n t e r v a l  to w i t h i n  + 5 
m i c r o s e c o n d s  o f  UTC. The p a p e r  d i s c r ~ s s e s  t h e  s t e p s  
t a k e n  t o  p l a n ,  i n s t a l l ,  o p e r a t e  a n d  m a i n t a i n  rhe 
Loran-C systeln u p  t o  t h e  yea r  2000.  The f o l l o w i n g  
t o p i c s  a r e  i n c l u d e d  i n  t h e  d i s c u s s i o n :  t h e o r y  o f  o p -  
e r a t i o n ,  t i m i n g ,  c h a i n  p l a n n i n g ,  g r o u p  r e p e t i t i o n  i n -  
t e r v a l ,  c o d i n g  d e l a y  v e r s u s  e m i s s i o n  d e l a y ,  c h a i n  c a l -  
i b r a t : i o n ,  c h a r t :  v e r i f i c a t i o n ,  s y s t e l n  a c c u r a c y ,  s i g n a l  
r e l i a b i l i t y ,  and f u t u r e  d e v e l o p m e n t s .  

The o p i n i o n s  o r  a s s e r t i o n s  c o n t a i n e d  h e r e i n  a r e  
 lie p r i v a t e  o n e s  o f  t he  w r i t e r  and  are  n u t  t o  b e  c o n -  
s t r u e d  as o f f i c i a l  o r  r e f l e c t i n g  t h e  v i e w s  of  t h e  Com- 
m a n d a n t  o r  rhe  Coast Guard a t  l a r g e .  

BACKGROUND 

C o a s t  Guard o p e r a t e d  s i n c e  1 9 5 8 ,  Loran-C has b e e n  
p r o v i d i n g  h i g h l y  a c c u r a t e  and  r e l i a b l e  r a d i o n a v i g a t i o n  
s e r v i c e  a n d  P r e c i s e  Time and Tirne l r l t e r v a l  (P '~"L'I )  d i s -  
s e m i n a t i o n  t h r o u g h  p u l s e d  t r a r i s i n i s s i o n s  i n  t h e  90 -110  
kHz h a n d .  A n o m i n a l  1 2 0 0  n a u t i c a l  m i l e  r a n g e ,  c o u p l e d  
w i t h  a p o s i t i o n i n g  accuracy of 114 n a u t i c a l  m i l e ,  
t e s t e d  r e p e a t a b i l i t y  of  up t o  1 5  m e t e r s ,  and a docu-  
m e n t e d  a v a i l a b i l i t y  of  g r e a t e r  than 99.7" / ,  has made 
Loran-C a r e l i a b l e  r a d i o n a v i g a t  i o n  system. Loran-C is 



a system that can be used in many land, sea, and air 
positioning applications. 

In 1974  Loran-C was d e s i g n a t e d  as t h e  n a v i g a t i o n  
s y s t e m  f o r  t h e  G r e a t  Lakes and C o a s t a l  Conf luence  Zone 
( C C Z )  o f  t h e  c o n t i n e n t a l  Uni ted  S t a t e s  and Southwest  
Alaska .  T h i s  zone e x t e n d s  f i f t y  (50)  m i l e s  frow the  
h a r b o r  e n t r a n c e  o r  t o  t h e  100 fathom c u r v e ,  whichever  
i s  f t ~ r t h e r .  

To p r o v i d e  such  c o v e r a g e ,  i t  w a s  n e c e s s a r y  t o  
c o n s t r u c t  1 2  new Loran-C s t a t i o n s  on the E a s t ,  West ,  
and Gulf c o a s t s  and G r e a t  Lakes a s  w e l l  as a l o n g  the  
Gulf o f  Alaska  a n d  t h e  Ber ing  Sea. T h i s  e x p a n s i o n  of  
Loran-C s e r v i c e  was c a l l e d  NIP - Nat iona l  Implernenta- 
t i o n  P l a n .  Th i s  t o g e t h e r  w i t h  t h e  Loran Improvelnent 
Program (1,lP) e n s u r e d  t h a t  n o t  o n l y  was tlze CCZ c o v e r -  
e d ,  but t h a t  t h e  cove rage  ex tended  w e l l  beyond t h e  CCZ 
a n d  s t i l l  m a i n t a i n e d  t h e  h i g h  d e g r e e  of  a c c u r a c y  and 
r e l i a b i l i t y  o r i g i n a l l y  a d v e r t i s e d .  I n  f a c t ,  r e l i -  
a b i l i t y  has c o n t i n u e d  t o  improve t h r o u g h  equipment  a d -  
vancements  t o  t he  p o i n t  where, t o d a y ,  99 .9% a v a i l a b i l -  
i t y  and g r e a t e r  is en joyed  by  t h e  Loran u s e r  commun- 
i t y .  

Theory o f  O p e r a t i o n  

Loran-C n a v i g a t i o n  i s  made p o s s i b l e  by  u s e r  
equipment  that measures  t h e  d i f f e r e n c e  of  t ime of  a r -  
r i v a l  (TOA) i n  microseconds  between two f i x e d  t r a n s -  
m i t t i n g  l o c a t i o n s .  T h i s  measurement does n o t ,  how- 
e v e r ,  d e f i n e  a u n i q u e  p o i n t  on t h e  e a r t h .  I t  de-  
s c r i b e s  i n s t e a d ,  a un ique  h y p e r b o l i c  l i n e - o f - p o s i t i o n  
o r  LOP. In t h e o r y ,  e a c h  un ique  t ime d i f f e r e n c e  (TD) 
d e s c r i b e s  one c l a s s i c a l  h y p e r b o l i c  LOP t h a t  is g e n e r -  
a t e d  r e l a t i v e  t o  t h e  two f i x e d  t r a n s m i t t i n g  l o c a t i o n s .  

By i n t r o d u c i n g  a n o t h e r  t r a n s m i t t i n g  s t a t  i o n  a 
d i f f e r e n t  s e t  of  LOP'S i s  c r e a t e d .  Where an  LOP of 
one s e t  c r o s s e s  an LOP of a n o t h e r  s e t ,  a  " f i x "  can be 
o b t a i n e d .  T h i s  f i x  i s  d e f i n e d  by  t h e  simultaneous 
t ime  d i f f e r e n c e  numbers of i n t e r s e c t i n g  LOP's. 

T h e o r e t i c a l l y ,  t h e r e  are  an  i n f i n i t e  number of 
c l a s s i c a l  h y p e r b o l i c  LOP's between transmitting s i t e s  
and  each LOP i s  d e f i n e d  by i t s  own u n i q u e  TOA d i f f e r -  
e n c e .  However, r e a l  wor ld  measurements  i n d i c a t e  t h a t  



rhe  a c t u a l  I,OY1s are Ear froill c l a s s i c a l .  T h e y ' r e  
a c t ~ ~ a l l y  w a r p e d  d n d  b e n t  i n  some areas, n o t  a t  a l l  
l i k e  c l a s s i c a l  h y p e r b o l i c  l i n e s .  

This warping  ant1 be-ndiilg of t i le T,C)Pk is caused  
by t h e  d i f f e r e n t  i!npedances unco~ll- l tercd i)y t h e  ior;xxl-C 
t r a n s ~ n i s s i o n s  a s  t h e y  propt igate  across d i f f e r e n t  and 
v a r y i n g  t e r r a i n s .  k'or i n s t a n c e  , there i s  v i r t i l a l l y  no 
I o r  hending  o f  t r a n s ~ q i s s i o n s  as t h e y  t r a v e l  
o v e r  s a l t  water:, b u t  a c r o s s  l a n d ,  whic' l  1s  non-homo- 
geneous , t h e  t r a n s n i s s  i o n s  a r e  randomly a f f e c t e d ,  t h u s  
c a u s i n g  v a r y i n g  d e g r e e s  uf warpage  and coverage  l o s s .  

Chain P l a n n i n g  

The priilldry purp(3se of L O I " ~ ~ I I - C  chain i s  t o  
~ ) r i - , v ide  t h e  c - , p t i t n i l ~ , ~  :1-overagc2 i n  a precl( : terrni~l~cl  geo- 
g r a p h i c  a -  Coverdge i n c  lildcs ?ut <)i l ly  s igna.1 
:; t r e n g t h ,  but a l s o  pos  tio on georlletry n e c e s s a r y  t o  ob- 
tain t h e  r e q u i r e d  a c c u r a c y .  T h e  p r i m a r y  c o n s i d e r a -  
t i o n s  when d e s i g n i n g  a Loran-C chaj.n a r e :  

(1) d e s i r e d  s i g n a l  s t r e n g t h  
( 2 )  backgrourld n o i s e  l e v e l  
( 3 )  s y s t e m  geome?ric c o n s t r a i r ~ C s  
(G) C;roup Kepet i t - ivr l  I r l t e r v a l  ( G K L )  s e l e c t  ion  
( 5 )  s p e c i f i c  s t a t i o n  p o s i t i o n i n g  

The s i g n a l  s t r e n u L h  at.  a s p e c i f i c  l o c a t i o n  in t h e  
(? 

Loran-C s e r v i c e  a r e a  1 s  depcndcr-lt iipoll t l l u  t rans l : l i t t ed  
power and t h e  co r - lduc t iv i ty  of t h e  p a t h  o v e r  which 
t h e  s i g n a l  rn1l.L; t propdp,;ite to reach t h e  o b s e r v e r .  
T r a r ~ s r l ~ i t t e d  power i s  p r i m a r i l y  a f u n c t i o n  of b o t h  a n -  
t e n n a  and a n t e n n a  c u r r e n t ;  t h e  g r e a t e r  t he  power r a d i -  
ated, the f u r t h e r  away t h e  s i g n a l  can  be r e c e i v e d .  

S i g n a l  a t t e n u a t i o n  i s  a f u n c t i : ~ ~ ~  o f  'clze conduc t -  
i v i t y  o f  t h e  s u r f a c e  ovet- which t h e  s i g n a l  must p r o p a -  
gat:e. When t h e  p a t h  i s  honiogeneous i n  c o n d u c t i v i t y  a s  
in propagat ic~r l  ove r  s e a  w a t e r ,  tl-ic s i g n a l  1-evei can be 
e a s i l y  colnputerl. l:lowever, when t h e  p r o p a g a r i o n  p a t h s  
a r e  rnixed i n  c o r l d u c t i v i t y  a s  they a r e  i n  l and  rnasscs ,  
! v i i l l i n g t o n ' s  Method i s  used t o  compute s i g n a l  
s t r e n g t h .  The u s a b l e  cove rage  a rea  is  limited by b o t h  
t h e  s i g n a l  strength and the geometric r e l a t i o n s h i p  of 
t h e  LOP's. To be u s e f u l  t o  t he  n a v i g a t o r ,  i n t e r s e c t -  
ing LOP's s h r ~ u l d  c r o s s  a t  30 d e g r e e s  o r  greater. This 



is  n e c e s s a r y  t o  p r o v i d e  a 2 drms a c c u r a c y  of 114 nau-  
t i c a l  m i l e .  

The t r a n s m i t t i n g  s i t e s  chosen  w i t h  r e g a r d  t o  t h e  
p r e v i o t l s l y  d i s c l ~ s s e d  c o n s t r a i n t  can  v a r y  up t o  25-30 
m i l e s  w i t h o u t  an a p p r e c i a b l e  e f f e c t  on sys tem c o v e r -  
age .  The f i n a l  s i t e  s e l e c t i o n  becomes one t h a t  rnust 
c o n s i d e r  b o t h  e l e c t r o n i c  and c i v i l  c o n s t r a i n t s .  

Timing 

Group R e p e t i t i o n  I n t e r v a l  ( G K I )  i s  t h e  i n t e r v a l  
between s u c c e s s i v e  p u l s e  g roups  measured a t  any one 
s t a t i o n  i n  a c h a i n .  In g e n e r a l ,  t h e  g o a l  of  G K I  s e -  
l e c t i o n  is  t o  s e l e c t  a minimum G R I  t h a t  causes mini -  
mum m u t u a l  i n t e r f e r e n c e  between Loran-C GRI1s i n  t h e  
c o v e r a g e  a rea .  A c o n s i d e r a t i o n  i n  t h e  s e l e c t i o n  of a  
G K I  i s  t h a t  i t  be a s  f a s t  a s  p o s s i b l e ,  s i n c e  i n c r e a s e d  
d u t y  c y c l e  w i l l  p r o v i d e  a r e l a t i v e  s i g n a l  t o  n o i s e  
improveluent.  For example ,  a  d i f f e r e n c e  between a  G K I  
o f  1 0 0 , 0 0 0  pscc  (GRK=lOCPS) and  one of 50 ,000  usec 
(GKK=20CPS) would show an  a p p a r e n t  g a i n  i n  s i g n a l  t o  
n o i s e  e q u a l  t o  +3db. 

S / N  = 20 l o g  GRK1 / G K R 2  + 20 l og  20110 = +3db 

T h i s  i s  e q u i v a l e n t  t o  an i n c r e a s e  i n  power by a  f a c t o r  
o f  2 .  

Fac tors  g o v e r n i n g  the  de t e rmina t ion  of minimum 
G K I  a r e :  

( 1 )  p u l s e  s p a c i n g  
( 2 )  r e c e i v e r  r e c o v e r y  t ime 
( 3 )  c o d i n g  d e l a y s  

The c u r r e n t  Loran-C fo rma t  p r o v i d e s  f o r  a  m a s t e r  
p u l s e  g roup  of  n i n e  p u l s e s .  The f i r s t  e i g h t  of  which 
a r e  spaced  1000 usec a p a r t  and a n i n t h  p u l s e  o c c u r i n g  
2000 v s e c  a f t e r  t h e  s t a r t  of t h e  e i g h t h  p u l s e .  The 
s e c o n d a r y  p u l s e  g roups  a r e  a l l  i d e n t i c a l  i n  forrnat b u t  
c o n s i s t  of  o n l y  e i g h t  p u l s e s  spaced  1000 vsec  a p a r t ;  
no  n i n t h  p u l s e .  The w i d t h  of  t h e  i n d i v i d u a l  p u l s e s  
a r e  a nominal  300 p s e c .  T h e r e f o r e ,  t h e  e l a p s e d  t ime 
froill t h e  s t a r t  o f  t h e  f i r s t  p u l s e  of  a group  t o  t he  
end of  t h e  g roup  i s  9300 lisec f o r  t h e  m a s t e r  and 7300 
u s e c  f o r  t h e  s e c o n d a r y  g r o u p s .  



In a d d i t i o n  t o  the t ime p e r i o d  occup ied  by e i t h e r  
t h e  m a s t e r  o r  s e c o n d a r y  g r o u p ,  an a d d i t i o n a l  t ime i n -  
creinent  ulust: be i n c l u d e d  t o  a l l o w  t h e  r e c e i v i n g  equ ip -  
m e n t  3 clle Loran s t a t i o n  s u f f i c i e n t  tillle t o  p r o c e s s  
t h e  g roup  i n f o r m a t i o n .  This  a d d i t i o n a l  time inc remen t  
i s  i d e n t i f i e r 1  a s  receiver r e c o v e r y  tirne. S i n c e  the 
a b s o l u t e  minirnrlrn of  t ime of  occurelzce between any two 
s u c c e s s i v e  p u l s e  g roups  t a k e s  place a t  a t r a n s m i t t i n g  
s i t e ,  i t  becomes n e c e s s a r y  t o  c o n s i d e r  the miniinurn 
r e c e i v e r  recovery  t i m e .  The r e c o v e r y  t ime v a r i e s  be-  
tween s i g n a l s  r e c e i v e d :  4000 vsec f o r  M t o  x a n d  3000 
usec f o r  X Co Y ,  Y t o  % ,  and Z t o  PI. 

Coding De l a y  

The purpose  of t h e  cod ing  d e l a y  a s s i g n e d  t o  e a c h  
s e c o n d a r y  s t a t i o n  i s  t o  a l l o w  t h e  s t a t i o n s  of  a  c h a i n  
t o  t r a n s m i t  s e q u e n t i a l l y  i n  tirne and t o  p r e v e n t  o v e r -  
l a p  of  t h e  d i f f e r e n t  s i g n a l  g roups  anywhere  i n  t h e  
sys t em.  T h e  Coding D e l a y  t a k e s  into a c c o u n t  h a s e l i n e  
l e n g t h s  i n  usec , d i s t a n c e s  be tweeen s e c o n d a r i e s ,  and 
t h e  number of  s e c o n d a r i e s  i n  t h e  c h a i n .  

To meet t h e  f o r e g o i n g  c r i t e r i a  i t  i s  n e c e s s a r y  t o  
c o n s i d e r  t h e  propagat ior l  t ime between s t a t i o n s ,  t h e  
l e n g t h  of t h e  s i g n a l  group ( i n  ti!qe) and c o d i n g  d e l a y  
a s s i g n e d  t o  t h e  preceedinp,  s e c o n d a r y .  For example ,  a 
p u l s e  r e p e t i t i o n  p e r i o d  coniinences w i t h  t h e  t r a n s m i s -  
s i o n  of t h e  m a s t e r ' s  group of  n i n e  p u l s e s .  The m a s t e r  
g r o u p  i s  t h e n  r e c e i v e d  a t  each secorldary ( W ,  X ,  Y ,  Fr 
Z ) ,  d e l a y e d  i n  tirne by the amount o f  t h e  i n d i v i d u a l  
b a s e l i n e  d i s t a n c e s .  The f i r s t  s e c o n d a r y  ( X r a y ) ,  upon 
r e c e i p t  of  t h e  m a s t e r  g r o u p ' s  f i r s t  p u l s e  i n i t i a t e s  a 
countdown,  o r  f i x e d  d e l a y ,  t o  when i t  w i l l  commence 
i t s  t r a n s m i s s i o n  of  p u l s e s .  T h i s  f i x e d  d e l a y  allows 
f o r  r e c e p t i o n  o f  a l l  n i n e  of  t h e  m a s t e r ' s  p u l s e s  p l u s  
r e c o v e r y  t ime  needed by t h e  secondary  equipment .  The 
s i g n a l  t r a n s m i t t e d  b y  t h e  f i r s t  s e c o n d a r y  lrius t t r a v e l  
t o  t h e  n e x t  secondary  (Yankee) i n  t h e  p r o p e r  s equence .  
Yankee must p r o c e s s  t h e  inas ter  prilsc g r o u p ,  t h e  Xray 
p u l s e  g roup  and i t s  own d e l a y  be fo r e  i t  i n i t i a t e s  i t s  
own t r a n s m i s s i o n .  Th i s  sequence  i s  r e p e a t e d  thrut lghout  
t h e  c h a i n  u n t i l ,  f i n a l l y ,  t h e  m a s t e r  must  r e c e i v e  t h e  
l a s t  s e c o n d a r y ' s  p u l s e  group b e f o r e  i t  can b e g i n  a new 
c y c l e  of  operation. 

A t  t h e   firs^ secondary  f h e  minimum a l l o w a b l e  cod- 



i n g  d e l a y  is de te rmined  o n l y  by t h e  l e n g t h  ( t i m e  p e r -  
i o d )  of  t h e  m a s t e r  p u l s e  g roup  and the secondary  
equipment  r e c o v e r y  t i m e .  The master p u l s e  g roup  r e -  
q u i r e s  a t ime  p e r i o d  o f  a p p r o x i m a t e l y  7000 usec  be-  
tween t h e  s t a r t  o f  t h e  f i r s t  p u l s e  and t h e  s t a r t  o E  
t h e  e i g h t h  p u l s e .  The r e c o v e r y  t ime f o r  t h e  r e c e i v e r  
o f  a m a s t e r  p u l s e  g roup  is  4000 u s e c .  T h e r e f o r e ,  t h e  
minimum allnwab1.e cod ing  d e l a y  f o r  t h e  f i r s t  s econdary  
becomes t h e  e l a p s e d  t ime from t h e  b e g i n n i n g  of  t he  
f i r s t  p u l s e  t o  t h e  end o f  the  r e c e i v e r  r e c o v e r y  t l i l n ~  
o r  11000 p s e c .  

A t  t he  second s e c o n d a r y ,  t h e  minimum a l l o w a b l e  
c o d i n g  d e l a y  i s  governed by  t h e  t ime  r e q u i r e d  f o r  t h e  
p r o p a g a t i o n ,  and r e c e i p t  of t h e  m a s t e r  and t h e  f i r s t  
s e c o n d a r y  pu l s e  g roup  p l u s  t h e  equipment  r e c o v e r y  
t ime  . 

In d e v e l o p i n g  Coding Delay assig-ninents  , t h e  com- 
p u t e d  r e s u l t  i s  rounded o f f  t o  t h e  n e x t  h i g h e r  1000 
psec  inc remen t  ( u n l e s s  i t  cornputes t o  an even thousand 
usec  value). In a s s i g n i n g  t h e  o r d e r  o f  secondary 
f u n c t i o n s  i t  is w e l l  t o  try a l l  p o s s i b l e  combina t ions  
a t  each  l o c a t i o n  s i n c e  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
c a l c u l a t e d  minimum G R I  may be r e a l i z e d .  

Calibration 

Once a Loran-C c h a i n  is  e s t a b l i s h e d  and i n i t i a l  
c o d i n g  d e l a y s  a r e  a s s i g n e d  t o  a l l  of t h e  s e c o n d a r i e s ,  
i t  becomes n e c e s s a r y  t o  check  o r  calibrate t h e  e n t i r e  
c h a i n  and make minor  c o r r e c t i o n s .  The p r imary  purpose  
o f  a  Loran-C c h a i n  c a l i b r a t i o n  i s  t o  e n s u r e  t h a t  the  
Emiss ion  Delay ( E D )  o f  e a c h  s e c o n d a r y  s t a t i o n  i s  s e t  
t o  t h e  v a l u e  p u b l i s h e d  by t h e  U.S. Coas t  Guard. E m i s -  
s i o n  Delay i s  t h e  t ime  i n t e r v a l  between t h e  m a s t e r  
s t a t i o n ' s  t r a n s m i s s i o n  and t h e  s e c o n d a r y  s t a t i o n ' s  
t r a n s m i s s i o n  i n  t h e  same G R I  ( b o t h  s t a t i o n s  u s i n g  a 
cornmon t ime  r e f e r e n c e ) .  T h i s  c a l i b r a t i o n  t e c h n i q u e  i s  
accoinpl i shed  u s i n g  a p o r t a b l e  cesium o s c i l l a t o r  o r  
"Hot C lock" ,  which is  s y n c h r o n i z e d  t o  U n i v e r s a l  Tiine 
Coord ina ted  (UTC)  . The tiroe of  each  s t a t i o n ' s  r e s p e c -  
t i v e  Time of  T r a n s m i s s i o n  (TOT) i s  measured a g a i n s t  
t h e  c h a i n ' s  GKL when s y n c h r o n i z e d  t o  UTC. The Hot 
Clock  i s  used  t o  p r o v i d e  t h e  extremely a c c u r a t e  £ re -  
quency f o r  t h e  R e p e t i t i o n  Rate G e n e r a t o r  and t o  pro-  
v i d e  t h e  one p u l s e  p e r  second (1PPS)  f o r  T i m e  of  



Coinc idence  (TOC) d e t e r m i n a t i o n  and s y n c h r o n i z a t i o n .  
T h i s  i s  b a s i c a l l y  a hardware  i rnplernentat ion of  t h e  
clef i n i t i o n  of Emission Delay ( E D ) .  

Data i s  c o l l e c t e r l  f i r s t  a t  t h e  m a s t e r ,  t h e n  at: 
each s e c o n d a r y  s t a t i o n  a n d ,  f i n a l l y ,  a t  t he  rnaster  
a g a i n .  The c o l l e c t i o n  i s  p e r f o r ~ u e d  a t  tile base  of t he  
t r a n s m i t t i n g  a n t e n n a .  A clamp-on c u r r e n t  t r a n s f o r m e r  
i s  i n s t a l l e d  and the  s i g n a l  i s  coupled  d i r e c t l y  t o  a  
corninon lnorle re jec t r ior l  f i l t s e r ,  t hen  t o  a c o u p l e r  t l n i t .  
The s i g n a l  i s  t h e n  f ed  t o  a n  osc: i l loscope and [:he Coin- 
p u t i n g  Coun te r .  

The TUC f o r  the G K L  b e i n g  rneasured i s  ca1cul ; i ted  
and t h e  r e f e r e n c e  G K I  i s  synchron ized  t o  i t .  A p u l s e ,  
c o r r e s p o n d i n g  t o  t h e  b e g i n n i n g  of t he  r e f e r e n c e  GRI, 
i s  c o u p l e d  t o  t h e  Computing Coun te r .  

T i m e  of  Transi : i iss ion (TOT) r e a d i n g s  a r e  r e c o r d e d  
f o r  e a c h  p u l s e .  Each 0 i s  t h e  mean v a l u e  u f  100  
s e p a r a t e  samples  o f  t h e  t ime d i f f e r e n c e  between t h e  
b e g i n n i n g  of t h e  r e f e r e n c e  C R I  :itlcl t h e  s t a n d a r d  Zero 
c r o s s o v e r  (SZC) o f  t h e  p u l s e  be ing  !iieasured. Then t h e  
TOT o f  the n e x t  p u l s e  i s  measured .  

The purpose  of t h e  two visits t o  t h e  illaster s t a -  
t i o n  i s  t o  s e t  a s t a r t  tilne for tlhe c a l i b r a t i o n  and t o  
d e t c r n i n e  t h e  f r e q u e n c y  o f f s e t  b e t w e e n  t h e  m a s t e r  op- 
e r a t e d  o s c i l l a t o r  a n d  the Hot Clock.  The c l o c k  c r r o r  
r a t e ,  e x p r e s s e d  i n  nanoseconds per  hour  ( t i le r a t e  a t  
which t h e  Hot: Clock 1 PPS o u t p u t  i s  s h i f t i n g  i n  t i m e ,  
wi th  r e s p e c t  t o  t h a t  of t h e  m a s t e r  o p e r a t e  o s c i l l a t o r )  
i s  c a l c ~ l l a t e c l  b y  lncasuring t h e  t iming  v f f s e t  between 
t h e  two v i s i t s  and d i v i d i n g  b y  t h e  elajssed tirne from 
t h e  f i r s t  t o  t h e  second measure r~ ien t .  

Using t he  Clock E r r o r  Kate and t h e  p e r i o d  of t h e  
t ime  betweerl t h e  f i r s t  rnaster  data c o l l e c t i o n  and t h e  
d a t a  c o l l e c t i o n  a t  t h e  s e c o n d a r i e s ,  a c o r r e c t i o n  t o  
t h e  s e c o n d a r y  TOT's i s  d e  t e r r~ i ined  and a p p l i e d .  The 
e f f e c t  of  t h i s  c o r r e c t i o n  i s  t o  g e t  an a c t u a l  TOT 
which  h a s  been c o r r e c t e d  f o r  Hot Clock d r i f t .  

The C o n t r o l l i n g  Starldard Time Di f fe re r l ce  (CSTU) 
o f f s e t  f o r  t he  b a s e l i n e ,  as seer1 a t  t h e  illorlitor s i t e  
i n  c o n t r o l  o f  the p a i r ,  i s  a l g e b r a i c a l l y  s u b t r a c t e d  
fro111 t h e  T O T ' s  t o  c o r r e l a t e  the rneasured 'TOT w i t h  the 
a s s i g n e d  CS'I'D. 'Then t h e  i n d i v i d u a l  p u l s e  TOT's f o r  



each s t a t i o n  a re  a d j u s t e d  t o  t h e  f i r s t  pu lse  of t he  
r e s p e c t i v e  phase code groups .  The mean is  taken of 
t h e  a d j u s t e d  TOT'S, y i e l d i n g  t h e  f i n a l  TOT f o r  the  
s t a t  ion .  

The h i s s i o n  Delay of  each secondary i s  c a l c u l a t -  
ed as f o l l o w s :  

EDs = TOTS - TOTm 
The CSTD c o r r e c t i o n  i s  determined as 

COK = EDp - E D s  
where EDp i s  t h e  publ ished ED f o r  t h e  b a s e l i n e .  The 
c o r r e c t i o n  i s  added a l g e b r a i c a l l y  t o  t h e  p r e s e n t l y  as -  
s igned  CSTD t o  a r r i ve  a t  t h e  va lue  f o r  t h e  new CSTD. 

Char t  V e r i f i c a t i o n  

The Coast Guard i s  aware t h a t  the u s e r  may still 
f i n d  i n c o r r e c t  pos i t  ion ing  informat  i on .  This is 
caused by t h e  va ry ing  a t t e n u a t i o n  of t he  s i g n a l  p r e -  
v i o u s l y  mentioned t h a t  cannot be a c c u r a t e l y  p r e d i c t e d .  
However, t he  Coast Guard perforrns  surveys  t o  v e r i f y  
t h e  publ i shed  c h a r t  g r i d s  a g a i n s t  a c t u a l  r ece ived  
Loran-C s i g n a l s .  The Coas t  Guard has been v e r i f y i n g ,  
and w i l l  corl t inue t o  v e r i f y ,  t h e  Loran-C nav iga t ion  
c h a r t s  u n t i l  s a t i s f i e d  that the  in format ion  publ ished 
i s  v a l i d  when compared to t h e  a c t u a l  s i g n a l  r ece ived .  
Through t h e  accumulation of  Loran-C d a t a ,  c o l l e c t e d  
s irnu1t:aneously wi th  in format ion  from e i t h e r  Navsat , 
r a d i o  t r i a n g u l a t i o n ,  o r  t h e i r  combinat ion,  and t he  
e v e n t u a l ,  comparison of t h i s  d a t a  t o  publ i shed  c h a r t s ,  
LOP p e r t u r b a t i o n s  a r e  i d e n t i f i e d  and cha r t ed  and a 
new, more a c c u r a t e  n a v i g a t i o n a l  c h a r t  is  publ ished 
through DMA. 

Fu ture  Developments 

What about  Loran-C f o r  t h e  f u t u r e ?  Obviously,  
much, i f  no t  a l l ,  of t h e  growth of Coast Guard opera ted  
Loran-C i s  over .  The CCZ i s  covered.  However, c e r -  
t a i n  i n t e r n a t i o n a l  develop~nents  have c r e a t e d  a need 
and a d e s i r e  t o  i n s t a l l  Loran-C cha ins  i n  v a r i o u s  
l o c a t i o n s :  the  Suez Canal f o r  one ,  t he  Bay of B i scay  
f o r  a n o t h e r .  These cha ins  are  p a i d  f o r  and opera ted  
by o t h e r  f o r e i g n  goverx~~nents  f o r  t h e i r  own p u r p o s e s .  
The G H I  s e l e c t i o n  is  normal ly  coord ina ted  through the  
U.S. Coast Guard.  And t h e  Coast Guard does  p rov ide ,  



when a s k e d ,  any  t e c h n i c a l  o r  o p e r a t i o n a l  i n f o r m a t i o n  
deemed n e c e s s a r y  o r  h e l p f u l .  

I n t e r n a l l y ,  t h e  Coas t  Guard i s  p r e p a r i n g  f o r  an- 
t i c i p a t e d  hardware improvements ,  which cou ld  allow f o r  
a l m o s t  comple te  a u t o ~ n a t e d  J,oran-C o p e r a t i o n s .  Through 
t h e  d i s t r i b u t i o n  of Hewle t t -Packard  9 8 2 5 ' s  and s p e -  
c i a l l y  p r e p a r e d  Calci.ilatot- Ass is  red JAoran C o n t r o l l e r  
( C A L O C )  s o £  tware  , rnucll o f  t h e  t r a n s ~ i l i  t t i n g  s t a t  i o n  
rnoni tor i t lg  f u r l c t i o n s  ~ l i l  L h e c ~ i n e  autoinatetl .  F l ~ r t h e r ,  
t h e  u s e  of Hewlett-Packarcl 9845 c a l c ~ ~ l a t o r s  promises  
t o  allow rnany of the m o n i t o r i n g  s i t e s  t o  be ah tomated  
and remoted t o  t h e  c o n t r o l  s t a t i o n s ,  allowing a sub- 
s t a n t i a l  d e c r e a s e  i n  t h e  number of  p e r s o n n e l  r e q u i r e d  
t o  m o n i t o r  t he  t r a n s m i t t e d  s i g n a l s .  

The S o l i d - s t a t e  T r a n s l n i t t e r  (AN/FPN-64), a l o n g  
w i t h  s v e c i a l  Remote i l s e ra t ine .  S y s t e m  (ROS) h a r d w a r e ,  - ,  
promis;s f u r t h e r  pe r so l ine l  r e d u c t i o n s .  ' ~ r e ' w s  of 11 o r  

I ;lore can  be e f f e c t i v e l y  reduced  t o  4 .  The Coast  Guard 
i s  p r e s e n t l y  p l a n n i n g  t o  r e p l a c e  t h e  o l d  AN/FPiV-42 
transmitters w i t h  t h e  ANIFPN-64. 

Yet all of t h i s  hardware improveincn~ a n d  s u b s e -  
q u e n t  p e r s o n n e l  r e d u c t i o n  i s  b e i n g  p l anned  and coor-  
d i n a t e d  s o  t h e r e  w i l l  be no d e g r a d a t i o n  i n  s i g n a l  o r  
s e r v i c e .  The e s  t a l ~ l i s h e d  goals of 1200  n a u t i c a l  m i l e  
r a n g e ,  114 n i l e  a c c u r a c y ,  15 ineter  r e p e a t a b i l i t y ,  and 
9 9 . 7 %  a v a i l a b i l i t y  w i l l  c o n t i n u e  t o  be met or  exceeded 
w e l l  i q t o  t h e  n e x t  decade .  



qUESTIONS AND ANSWERS 

MR. NICK YANNONI, Rome A i r  Development Center  

J u s t  two ques t ions ,  one was y o u r  a v a i l a b i l i t y  f i g u r e .  What do you 
mean by t h a t ,  99. something? 

LT. THRALL: 

Okay, we compute o u r  a v a i l a b i l i t y  based on what we c a l l  a "Loran 
Month", wh ich i s  c a l c u l a t e d  on t h e  number o f  p o s s i b l e  m inu tes  i n  a 
month, and t h e n  we d i v i d e  t h a t  by t h e  t o t a l  number of  m inu tes  t h a t  
we a r e  a v a i l a b l e ,  and come up w i t h  a p a r t i c u l a r  a v a i l a b i l i t y  f i g u r e .  

MR. KUHNLE: 

So, t h a t  i s  y o u r  downtime, s o r t  o f ?  

LT. THRALL: 

R i g h t .  

MR. YANNONI: 

The o t h e r  q u e s t i o n  i s  can you t e l l  me a n y t h i n g  about  t h e  r e l a t i o n -  
s h i p  o f  LORAN-C t o  LORAN-A, what has happened t o  LORAN-A, o r  i s  i t  
gone? I unders tand  i t  i s  go ing,  o r  n o t  q u i t e  gone, what can you 
t e l l  me about  t h a t ?  

LT. THRALL: 

For  a l o n g  p e r i o d  of t i m e  i t  was cons ide red  t o  be t h e  l o n g e s t  l i v -  
i n g  co rpse  i n  t h e  Coast  Guard. 

And I d o n ' t  mean t h a t  d e r o g a t o r i l y  a t  a l l ,  i n  f a c t  LORAN-A 
p r o v i d e d  v e r y  good n a v i g a t i o n  coverage f o r  a l o n g  t i m e .  B u t  we 
t u r n e d  t h e  l a s t  LORAN-A s t a t i o n  o f f  December 31s t ,  l a s t  y e a r .  
Tha t  i s  U.S. Coast  Guard LORAN-A s t a t i o n s .  There are o t h e r  LORAN-A 
s t a t i o n s  t h a t  a r e  a p p a r e n t l y  s t i l l  o p e r a t i n g  i n  o t h e r  p a r t s  o f  t h e  
w o r l d  t h a t  a r e  n o t  Coast Guard opera ted  o r  ma in ta ined .  

MR. NICK YANNONI:  

What about  t h e  Skywave, do peop le  work w i t h  t h a t  o r  n o t ?  



LT.  T H R A L L :  

Some people do work with Skywaves, we are always trying to fight 
it in our particular applications. We don't want to see it, it 
interferes with our purpose. But there are people who are using 
Skywave. And I am not fariiliar with their application to be able 
to discuss it at any length, other than to say, yes, they do use 
it. 

R R .  CARL LLICAS,  Naval Observatory 

From time-to-time you have a reconfiguration in the LORAN chain, 
could you tell me what goes on during that period? I have a lot of 
trouble with that. 

LT. T H R A L L :  

It i s  a secret. I don't know of too much in the Coast Guard that 
would be considered a real secret. 

When we do a chain reconfiguration and we are anticipating to 
be doing one relatively soon, it is done so t h a t  one particular 
station can be turned off completely for a number of days. In t h e  
case of our present reconfigurations that are being proposed, we 
are turning off the station to replace the antennae or to work on 
t h e  antennae, or to replace transmitting equipment. And it just 
doesn't happen overnight, we are dealing with very large equipment, 
and just the effort itself requires that we turn it off. 




