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The paper desc r ibes  the  development of an area naviga t ion  program 
and t h e  implementation of t h i s  software on a microcomputer-based 
Loran-C r e c e i v e r  t o  provide high-quality, p r a c t i c a l  area naviga t ion  
informat ion  f o r  gene ra l  av ia t ion .  This sof tware  provides range and 
bea r ing  angle t o  a s e l e c t e d  waypoint, c ross - t rack  e r r o r ,  course  
d e v i a t i o n  i n d i c a t i o n  (CDI), ground speed and es t imated  t i m e  of 
a r r i v a l  a t  t h e  waypoint. The rangelbearing c a l c u l a t i o n ,  us ing  an 
e l l i p t i c a l  Ea r th  model, provides very good accuracy; t h e  e r r o r  does 
not  exceed more than 0.012 nm (range) o r  0.09' (bea r ing )  f o r  a maxi- 
mum range t o  530 nm. The a-B f i l t e r i n g  i s  app l i ed  i n  o r d e r  t o  reduce 
t h e  random noise  on Loran-C r a w  data and i n  t h e  ground speed calcu- 
latinn, Due t o  t h e  a-$ f i l t e r i n g ,  the ground speed c a l c u l a t i o n  has 
good s t a b i l i t y  f o r  cons tan t  or low-accelerative f l i g h t .  The execu- 
t i o n  t i m e  of t h i s  software is approximately 0.2 second. F l i g h t  
t e s t i n g  w a s  done wi th  a pro to type  Loran-C front-end r e c e i v e r ,  wi th  
t h e  Loran-C area naviga t ion  software demonstrating t h e  a b i l i t y  t o  
provide naviga t ion  f o r  t he  p i l o t  to  any poin t  i n  t h e  Loran-C cover- 
age area i n  t r u e  area naviga t ion  fashion without l ine-of-sight and 
range r e s t r i c t i o n  t y p i c a l  of VOR area navigation. 
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ORIGINAL PAGE IS 
POOR OUALrrY PAPER EXCERPTS 

The following excerpts (introduction, summary, conclusions, and recommendation 
sections) are shown on the following pages. 

I .  INTRODUCTION AND SUMMARY 

T h i s  paper  d e s c r i b e s  s p e c i f i c  eng inee r ing  work which has  been 
done t o  make Loran-C a more u s e f u l  and p r a c t i c a l  n a v i g a t i o n  system f o r  
g e n e r a l  a v i a t i o n .  T h i s  work, i n  p a r c i c u l a r ,  d e a l s  w i th  development  of 
new s o f w a r e ,  and implementacion of t h i s  s o f t w a r e  on a (XOS6502) n i c r o -  
computer t o  p rov ide  h igh  q u a l i t y  p r a c t i c a l  a r e a  n a v i g a t i o n  i n f o r m a t i o n  
d i r e c t l y  t o  t h e  p i l o t .  F l i g h t  tesCs have been performed s p e c i f i c a l l y  t o  
examine t h e  e f f i c a c y  of t h i s  new sofcvare.  F i n a l  r e s u l t s  were excep- 
t i o n a l l y  good and d e a r l y  demonstrate  t h e  m e r i t s  of t h i s  new Loran-C 
a r e a  n a v i g a t i o n  system. 

LORAN-C (Long Range Navigat ion)  i s  a h y p e r b o l i c ,  r a d i o  n a v i g a t i o n  
System t h a t  has been i n  o p e r a t i o n  s ince 1358 [ I ] .  It uses  ground waves 
a t  low f r e q u e n c i e s  t o  p rov ide  p o s i t i o n a l  i n f o r m a t i o n ,  no t  r e s t r i c t e d  t o  
l i ne -o f - s igh t  121. T h i s  system can be used i n  n e a r l y  all wea the r  con- 
d i t i o n s  t o  o b t a i n  p o s i t i o n  accu rac i e s  which a r e  e s s e n t i a l l y  independen t  
of a l t i t u d e .  As of 1983, it is not yeK a complete  n a v i g a t i o n  system i n  
t h e  United S t a t e s .  I n  t h e  midwest, vhich c o n s c i t u t e s  one t h i r d  of t h e  
U.S. l and  a r e a ,  coverage is d e f i c i e n t  f o r  some f l i g h t  o p e r a t i o n s .  

The VOR/DME (VHF m i - d i r e c t i o n a l  RangeiDistance Xeasu r ing  
Equipment) n a v i g a t i o n  system is w e l l  known as t h e  contemporary,  s h o r t -  
r ange  n a v i g a t i o n  system which covers  t he  whole Un i t ed  S t a t e s  w i t h  Over 
1000 s t a t i o n s ,  b u t  t h i s  system is s e n s i t i v e  t o  s i t i n g  and t e r r a i n ,  and 
has  l i m i t s  f o r  low a l t i t u d e  coverage because VOR is a Line-of-s ight  
system. By r e l i e v i n g  t h e s e  shortcomings,  Loran is c o n s i d e r e d  to be a 
p o s s i b l e  supplement f o r  VORiDME system [ 3 1 .  

The h y p e r b o l i c  l i n e s  of pos i t i on  a s s o c i a t e d  w i t h  Loran-C p r e s e n t  
a problem f o r  t he  p i l o t .  B i s t o r i c a l l y ,  t h e  h y p e r b o l i c  l i n e s  of p o s i t i o n  
do no t  conve r t  r e a d i l y  t o  a meaningful d i s p l a y  wi thou t  compara t ive ly  
h i g h  a i r b o r n e  equipment c o s t .  Bowever, t h e  p r e s e n t  a v a i l a b i l i t y  of 
mic roprocesso r s  makes low-cost a i rborne c o o r d i n a t e  conve r s ion  equipment  
f e a s i b l e .  Contemporary t echno logy  provides  f o r  l i g h t - w e i g h t  small- 
volume equipment w i t h  a low power drain f o r  small a i r c r a f t .  
m a t i c  Loran-C n a v i g a t i o n  can be made p r a c t i c a l  f o r  g e n e r a l  a v i a t i o n  
U S e K S  s imply by making use of a microcomputer. 

Thus,  auto-  

I n  t h i s  pape r ,  work is descr ibed i n d i c a t i n g  r a t h e r  e l emen ta ry  
mechan iza t ions  t h a t  can p rov ide  the p i l o t  very u s e f u l  n a v i g a t i o n  a t  all 
a l t i t u d e s .  T h i s  development of so f tva re  p rov ides  Area (Random) Naviga- 
t i o n  (FNAV) i n fo rma t ion  from Time Di f f e rences  (TDs) i n  raw form u s i n g  an 
e l l i p t i c a l  e a r t h  m d e l  and a s p h e r i c a l  model. 
microcomputer based Loran-C r e c e i v e r  which was developed a t  t h e  Ohio 
U n i v e r s i t y  Avionics  Eng inee r ing  Center. I n  o r d e r  t o  Compute naviga- 
t i o n a l  information,  a microcomputer(M0S6502) and a ma themat i ca l  c h i p  
(Am9511A) were combined w i t h  t h e  Ohio U n i v e r s i t y  Loran-C r e c e i v e r .  
F i n a l  data Fn t h e  r e p o r t  r e v e a l s  that  t h i s  s o f t w a r e  indeed  p rov ides  
a c c u r a t e  in fo rma t ion  with reasonable  o p e r a t i o n  times. 

I t  is p repa red  f o r  t h e  
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VII.. .CONC&JSIONS IWD RECOEMENDATIONS 

Some s p e c i f i c  c o n c l u s i o n s  can  be reached  a s  a r e s u l t  of t he  work 
performed i n  deve loping  a microcomputer-based Loran-C r e c e i v e r  f o r  
g e n e r a l  a v i a t i o n  a p p l i c a t i o n .  

The o b j e c t i v e  of t h i s  a r e a  n a v i g a t i o n  s o f t w a r e  implementae ion  is 
t o  provide  h i g h  q u a l i t y  air n a v i g a t i o n  i n f o r m a t i o n  by u s i n g  Loran-C 
n a v i g a t i o n  sys tem f o r  g e n e r a l  a v i a t i o n .  
made accord ing  to  the  test r e s u l t s  i n  Chapter  V I .  

a 
The f o l l o w i n g  c o n c l u s i o n s  are 

The c o n c l u s i o n s  a r e :  

1. The high a c c u r a c y  of t he  r a n g e l b e a r i n g  c a l c u l a t i o n  m i n g  the  
microcomputer-based Loran-C r e c e i v e r  was demonst ra ted ;  t h e  e r r o r  w i t h o u t  
a b i a s  e r r o r  does n o t  exceed uore  than  0.012nm ( r a n g e )  o r  0.09' ( b e a r i n g )  
f o r  ranges  t o  530nm. 

2 .  O p e r a t i o n a l  per formance ,  as observed  on a f l i g h t  in a g e n e r a l  
a v i a t i o n  a i r c r a f t ,  is o b t a i n e d  u s i n g  a a-8 f i l t e r  on t i m e  d i f f e r e n c e s  t o  
reduce  random Mise. F i l t e r i n g  IDS w i t h  t h e  new, s t a b l e  c l o c k ,  w i t h  an 
e f f e c t i v e  time c o n s t a n t  is 4 s e c o n d s ,  e f f e c t i v e l y  smooths the  f l i g h t  
p a t h  and does not  c a u s e  s e r i o u s  d e l a y  an t h e  t u r n s .  

3. The ground speed c a l c u l a t i o n  w i t h  10 b o t s  r e s o l u t i o n  has 
o p e r a t i o n a l  s t a b i l i t y  f o r  a c o n s t a n t  o r  l o w - a c c e l e r a t i o n  f l i g h t .  S i n c e  
t h e  ground speed c a l c u l a t i o n  p r o c e s s  passes  t h r o u g h  two f i l t e r s ,  t h e  
ground speed cannot be e a s i l y  updated w i t h  h i g h  a c c e l e r a t i o n .  Accord ing  
t o  the  e f f e c t i v e  t i m e  c o n s t a n t s  f o r  the  two f i l t e r s  (4 s e c o n d s  f o r  ms 
and 12 seconds f o r  t h e  GS c a l c u l a t i o n ) ,  a s t e p  r e s p o n s e  becomes 86.3% of 
f i n a l  v a l u e  a f t e r  24 seconds .  So t h e  ground speed  c a l c u l a t i o n  can 
a c c e p t  an a c c e l e r a t i o n  which is less than  0.13m/s2. 

4 .  The Cl'EICTEB i n d i c a t i o n  provides  t h e  r e l a t i v e  p o s i t i o n  and 
p r o p e r  d i r e c t i o n  r e s p e c t i v e l y  to  any d e s i r e d  c o u r s e  i n s i d e  t h e  Loran-C 
c o v e r a g e  area. Even wich an  a i r p l a n e  v e r y  d o s e  t o  a To waypoin t  ( l e s s  
t h a n  0 . 1 ~ ~ )  t he  a E  has s u f f i c e n t  s e n s i t i v i t y  t o  c a l c u l a t e  an a c c u r a t e  
CDI i n d i c a t i o n ,  while t h e  VOR n a v i g a t i o n  sys tem at c l o s e  range  is t o o  
s e n s i t i v e .  

5 .  An e x e c u t i o n  t i m e  of t h e  t o t a l  n a v i g a t i o n  sys tem r o u t i n e  does 
noc exceed uore  t h a n  L.5 s e c o n d s ,  which is short enough f o r  a d e q u a t e  
p o s i t i o n  update  i n f o r m a t i o n  f o r  air n a v i g a t i o n .  I n  t h e  n o r t h e a s t  U.S. 
c h a i n  (GRI-99600us), t h e  e x e c u t i o n  time is about  1.39 seconds  f o r  RNAV 
p o s i t i o n  updates .  

6. The Loran-C n a v i g a t i o n  system w i t h  the  new s t a b l e  c l o c k  
r e c o r d e d  an average  b i a s  e r r o r  of 0.5nm which meets t h e  r e q u i r e m e n t  
s t a t e d  in AC90-45A ( e n r o u t e  2.5nm. t e r m i n a l  1.5nm). Even f o r  an  
approach ,  t h i s  sys tem has t he  c a p a b i l i t y  t o  meet t h e  t o t a l  e r r o r  of 
0.6nm s t a t e d  in AC90-45A. 

1 .  The Loran-C a r e a  n a v i g a t i o n  s o f t w a r e  makes it p o s s i b l e  f o r  
t h e  g e n e r a l  a v i a t i o n  user t o  f l y  t o  any p o i n t  i n s i d e  the  Loran-C cover- 
age  a r e a  i n  t r u e  a r e a  n a v i g a t i o n  f a s h i o n  u n l i k e  VOR n a v i g a t i o n  sys tem 
w i t h  i t s  l i n e - o f - s i g h t  and range r e s t r i c t i o n s .  

Some problems were i d e n t i f i e d  d u r i n g  t h e  t e s t i n g ,  and t h e s e  
s h o u l d  be a d d r e s s e d  and solved p r i o r  t o  implementa t ion  by g e n e r a l  
a v i a t i o n .  

1. The bias e r r o r  t o  the  n o r t h  is due t o  s i g n a l - s t r e n g t h  d i i -  
f e r e n c e s  of Loran-C s t a t i o n s  and Avionics  E n g i n e e r i n g  C e n t e r ' s  r e c e i v e r  
implementa t ion .  The b i a s  e r r o r  can be s i g n i f i c a n t l y  reduced  wr th  a new 
RF f r o n t  end [ 4 2 ]  and a p p l y i n g  p r o p a g a t i o n  c o r r e c t i o n s .  The recen'; 
tests w i t h  the  new RF f r o n t  end i n d i c a t e d  a b i a s  e r r o r  of 0.2nm. These 
d a t a  were c o l l e c t e d  i n  the  same a r e a  a s  t h e  p r e v i o u s  f l i g h t  tests. The 
b i a s  e r r o r  of 0 . 2 m  could  be f u r t h e r  reduced w i t h  t h e  a p p l i c a t i o n  of a 
p r o p a g a t i o n  c o r r e c t i o n .  

2 .  AD improved ground speed r e s p o n s e  f o r  a c c e l e r a t e d  f l i g h c .  
The ground speed response  f o r  a c c e l e r a t e d  f l i g h t  can be improved by 
implementing a t h r e e  d imens iona l  f i l t e r  [ 4 3 1 ;  however,  improvement of 
measur ing  time d i f f e r e n c e s  t o  reduce  random n o i s e  s h o u l d  be made t o  pro- 
v i d e  better data f o r  ground speed  c a l c u l a t i o n s .  

Contemporary m i c r o p r o c e s s o r  technology has g r e a t l y  improved t h e  
c a p a b i l i t y  f o r  q u a l i t y  h i g h  n a v i g a t i o n ,  and allows f o r  a c h i e v i n g  low- 
c o s t  and l i g h t  weight  r e c e i v e r s  f o r  g e n e r a l  a v i a t i o n  a p p l i c a t i o n s .  T h i s  
RNAV s o f t w a r e  promises  t o  p r o v i d e  t h e  p i l o t  w i t h  s i g n i f i c a n t  o p e r a t i o n a l  
advantages  through t h e  use of a microcomputer-based- Loran-C r e c e i v e r .  
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