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1 . 0  EXECUTIVE SUMMARY 

On March 3 0 ,  1 9 7 8 ,  t h e  I n d e p e n d e n t  S t a t e  o f  Papua N e w  Gu inea  

i s s u e d  t h e  O f f s h o r e  S e a s   rocl lama ti on 1978.    his p r o c l a m a t i o n  

p u t  i n t o  e f f e c t  c e r t a i n  f e a t u r e s  o f  t h e  N a t i o n a l  S e a s  A c t  1977  

d e f i n i n g  t h e  " o f f s h o r e  s e a s "  o f  t h e  S t a t e .  I n  e s s e n c e ,  t h i s  

p r o c l a m a t i o n  d e c l a r e d  w a t e r s  w i t h i n  200 m i l e s  o f  t h e  S t a t e  t o  b e  

u n d e r  t h e  c o n t r o l  o f  t h e  S t a t e  w i t h  r e g a r d  t o  c e r t a i n  m a t t e r s ,  

among them, f i s h i n g .  The o f f s h o r e  s e a s  became synonymous w i t h  

t h e  D e c l a r e d  F i s h i n g  Zone (DFZ) o f  PNG. The S t a t e  d e c l a r e d  i t s  

r i g h t s  t o  c o n t r o l  a l l  f i s h i n g  a c t i v i t y  w i t h i n  t h i s  zone  and  t o  

d e f e n d  t h e s e  r i g h t s  by f o r c e ,  i f  n e c e s s a r y .  F i g u r e  1 shows t h e  

boundary  o f  t h e  o f f s h o r e  s e a s  ( D e c l a r e d  F i s h i n g  Zone) o f  PNG. 

The F i s h e r i e s  D i v i s i o n  o f  t h e  M i n i s t r y  o f  P r imary  I n d u s t r y  

i s  c h a r g e d  w i t h  t h e  r e s p o n s i b i l i t y  f o r  r e g u l a t i n g  f i s h i n g  

a c t i v i t y  w i t h i n  t h i s  zone ,  a n d ,  w i t h  t h e  a s s i s t a n c e  o f  t h e  

Defence  F o r c e ,  f o r  e n f o r c i n g  i t s  r e g u l a t i o n s .  The F i s h e r i e s  

D i v i s i o n  h a s  e n a c t e d  a  l i c e n s i n g  p r o c e d u r e  by which  f i s h i n g  

v e s s e l s ,  b o t h  d o m e s t i c  and  f o r e i g n ,  may p u r c h a s e  a  l i c e n s e  t o  

f i s h  t h e s e  w a t e r s .  The cos t  o f  t h i s  l i c e n s e  i s  based  o n  a  

p e r c e n t a g e  o f  t h e  v a l u e  o f  f i s h  t h a t  a  v e s s e l  o f  a  p a r t i c u l a r  

t y p e  and s i z e  s h o u l d  b e  a b l e  t o  c a t c h .  

The waters w i t h i n  Papua N e w  G u i n e a ' s  DFZ a r e  some o f  t h e  

r i c h e s t  i n  t h e  w o r l d ,  and  b o a t s  f rom s e v e r a l  n a t i o n s  f i s h  h e r e  

w i t h  a v a r i e t y  o f  g e a r .  I n  a d d i t i o n  t o  v e s s e l s  l e g a l l y  l i c e n s e d ,  

a  l a r g e  number o f  u n l i c e n s e d  f o r e i g n  v e s s e l s  f i s h  t h e s e  w a t e r  f o r  

t u n a ,  p rawns ,  c l ams  and  o t h e r  f i s h  and  s h e l l f  i s h .  E s t i m a t e s  o f  

t h e  number o f  s u c h  i l l e g a l  v e s s e l s  v a r y  w i d e l y .  A r e a s o n a b l e  

e s t i m a t e  is  1 5 0  v e s s e l s  p e r  y e a r .    his l e v e l  o f  u n c o n t r o l l e d  

f i s h i n g  a c t i v i t y  c r e a t e s  a  s u b s t a n t i a l  d i r e c t  loss  o f  r e v e n u e  to  

Papua  N e w  Gu inea .  

I n  r e s p o n s e  t o  a  r e q u e s t  f rom t h e  F i s h e r i e s  D i v i s i o n  o f  t h e  

Government o f  Papua N e w  G u i n e a ,  t h e  U n i t e d  S t a t e s  Agency f o r  

I n t e r n a t i o n a l  Development  i n i t i a t e d  a p r o j e c t  t o  d e t e r m i n e  t h e  

f e a s i b i l i t y  o f  v a r i o u s  t e c h n i q u e s  f o r  s u r v e i l l a n c e  and  m o n i t o r i n g  

o f  h i g h  s e a s  f i s h i n g  v e s s e l s  i n  t h e  DFZ of  Papua N e w  Gu inea .  
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R e s o u r c e s  Development  A s s o c i a t e s  ( R D A )  was c h o s e n  t o  p e r f o r m  t h e  

s t u d y  . 
The RDA p r o j e c t  team c o n s i s t e d  o f  M r .  R o b e r t  W .  Campbel l ,  a  

s p e c i a l i s t  i n  s a t e l l i t e  t e c h n o l o g y  and r e s o u r c e  deve lopmen t ,  

M r .  K e i t h  W .  Cox, a  s p e c i a l i s t  i n  f i s h e r i e s  deve lopmen t  and 

f i s h i n g  t e c h n o l o g y ,  and  M r .  Kenneth  B.  C r a i b ,  a  s p e c i a l i s t  i n  

remote s e n s i n g  and  r e s o u r c e  economics .  P r i o r  t o  t r a v e l i n g  t o  

PNG, t h e  team c o l l e c t e d  d a t a  o n  t h e  s t a t e - o f - t h e - a r t  o f  

r e c o n n a i s s a n c e  t e c h n o l o g y .  The team t h e n  t r a v e l e d  t o  PNG where  

s e v e r a l  e x t e n s i v e  b r i e f i n g s  were h e l d  f o r  PNG o f f i c i a l s .  

I n f o r m a t i o n  r e g a r d i n g  PNG c a p a b i l i t i e s  and  r e q u i r e m e n t s  was 

c o m p i l e d  and  r e v i e w e d .  A f t e r  l e a v i n g  PNG, t h e  team v i s i t e d  N e w  

C a l e d o n i a  t o  c o n s u l t  w i t h  t h e  S o u t h  P a c i f i c  Commission r e g a r d i n g  

i t s  v i e w s  o n  a  r e g i o n a l  a p p r o a c h  t o  s u r v e i l l a n c e  and  m o n i t o r i n g  

o f  h i g h  s e a s  f i s h i n g  a c t i v i t y .  

T h i s  s t u d y  h a s  c o n c l u d e d  t h a t  a n  . o p e r a t i o n a l  s y s t e m  

employ ing  a  c o m b i n a t i o n  o f  s a t e l l i t e  a n d  a i r c r a f t  r e c o n n a i s s a n c e  

t e c h n o l o g y  i s  b o t h  p o s s i b l e  and  p r a c t i c a l  f o r  s u r v e i l l a n c e  a n d '  

m o n i t o r i n g  o f  f i s h i n g  a c t i v i t y  w i t h i n  t h e  200-mile  D e c l a r e d  

F i s h i n g  Zone o f  Papua  N e w  Guinea .  Such a  s y s t e m  c o u l d  a l s o  

p r o v i d e  u r g e n t l y  needed  d a t a  r e g a r d i n g  g r o w t h  and  movement o f  t h e  

b a s i c  f i s h  s t o c k s  t h r o u g h o u t  t h e  w e s t e r n  P a c i f i c  r e g i o n .  The 

t o t a l  a c q u i s i t i o n  cost  f o r  t h i s  system' ,  i n c l u d i n g  a  

s u i t a b l y - m o d i f i e d  s p e c i a l  p u r p o s e  a i r c r a f t ,  i s  e s t i m a t e d  a t  less 

t h a n  U.S. $ 4  m i l l i o n .  A s  o u t l i n e d  i n  t h i s  r e p o r t ,  a n  o p e r a t i o n a l  

p l a n  s h o u l d  b e  d e v e l o p e d  a n d  a  " p i l o t "  p r o j e c t  implemented .  

Papua N e w  G u i n e a ' s  d e c l a r a t i o n  o f  t h e  DFZ i n c r e a s e d  i t s  

j u r i s d i c t i o n  by a n  e s t i m a t e d  750,000 s q u a r e  miles.  S e v e r a l  

w e l l - e s t a b l i s h e d  p e l a g i c  f i s h e r i e s  o p e r a t e  w i t h i n  t h i s  a r e a ;  

e . g . ,  t h e  J a p a n e s e  p u r s e  s e i n e ,  l o n g l i n e ,  and  l o n g - d i s t a n c e  

p o l e - a n d - l i n e  f i s h e r i e s ,  s m a l l  T a i w a n e s e  l o n g l i n e r s ,  a s  w e l l  a s  

t h e  PNG-based p o l e - a n d - l i n e  f i s h e r y .  



I n  1 9 7 8 ,  3 0 8  J a p a n e s e  f i s h i n g  v e s s e l s  were g r a n t e d  l i c e n s e s .  

Of t h e s e ,  11 were p u r s e  s e i n e r s ,  274 l o n g l i n e r s ,  and  23  

l o n g - r a n g e  p o l e - a n d - l i n e  v e s s e l s .  One U.S. p u r s e  s e i n e r  a p p l i e d  

f o r  a n d  w a s  g r a n t e d  a l i c e n s e .  A l s o ,  a n  unknown number o f  

( u n l i c e n s e d )  T a i w a n e s e  b o a t s  o p e r a t e d  i n  t h e  DFZ . E s t i m a t e d  

c a t c h e s  f o r  p u r s e  s e i n e r s  a n d  l o n g l i n e r s  were 3 , 5 0 0  and  9 ,000  

t o n s  r e s p e c t i v e l y .  J a p a n e s e  p o l e - a n d - l i n e  v e s s e l s  d i d  n o t  f i s h  

t h e  DFZ and  est imates f o r  t h e  T a i w a n e s e  c a t c h  a re  u n a v a i l a b l e .  

F o r e i g n  t u n a  v e s s e l s  b a s e d  i n  PNG h a r v e s t e d  n e a r l y  5 0 , 0 0 0  t o n s  o f  

s k i p j a c k  i n  1 9 7 8 ,  b u t  PNG r e c e i v e d  o n l y  a smal l  p e r c e n t a g e  o f  t h e  

f u l l  v a l u e  o f  t h i s  c a t c h .  

A b o u t  1 , 4 0 0  s p e c i e s  o f  f i s h  a re  f o u n d  i n  P a p u a  N e w  G u i n e a  

waters ,  a p p r o x i m a t e l y  5 , 0 0 0  s p e c i e s  o f  m o l l u s c s  a n d  a b o u t  t h e  

same number  o f  c r u s t a c e a n s .  However,  n o  more t h a n  1 0 0  o f  t h e s e  

s p e c i e s  o f  f i s h ,  m o l l u s c s  a n d  c r u s t a c e a n s  are  c a u g h t  i n  any  

q u a n t i t y .  S k i p j a c k  and  y e l l o w  f i n  t u n a  are t h e  ma in  s p e c i e s  

c a u g h t  i n  PNG waters. 

W h i l e  t h e  f u l l  e x t e n t  o f  t h e  t u n a  s t o c k s  i n  t h e  w e s t e r n  

P a c i f i c  h a s  y e t  t o  b e  p r o p e r l y  a s s e s s e d ,  e x p e r t s  a g r e e  t h a t  t h e  

w e s t e r n  P a c i f i c  h a s  t h e  l a r g e s t  t u n a  f i s h e r i e s  r e s o u r c e  i n  t h e  

w o r l d .  F o r t y - f i v e  p e r c e n t  o f  t h e  w o r l d  t u n a  h a r v e s t  is  t a k e n  

f r o m  t h i s  area, twice a s  much a s  i s  t a k e n  f r o m  t h e  e a s t e r n  

P a c i f i c ,  a n d  f o u r  times a s  much a s  i s  t a k e n  f r o m  t h e  A t l a n t i c .  

W i t h i n  PNG's 200  m i l e  f i s h e r i e s  z o n e ,  a s  much a s  1 0 0 , 0 0 0  t o n s  o f  

t u n a  h a s  b e e n  h a r v e s t e d  i n  a y e a r ' s  t i m e .  I n  t h e  U n i t e d  S t a t e s '  

t u n a  m a r k e t ,  t h i s  r a w  t o n n a g e  h a s  a v a l u e  o f  U . S .  $ 1 0 0  m i l l i o n ;  

f u l l y  p r o c e s s e d  a s  c a n n e d  t u n a ,  i t s  v a l u e  would come t o  some 

U.S. $ 2 5 0  m i l l i o n .  

The  o c c u r r e n c e  o f  p o o r  t u n a  f i s h i n g  y e a r s  may p u t  a 

r e s t r a i n t  o n  t h e  e x p a n s i o n  o f  t h e  PNG t u n a  f l e e t .  T h e  y e a r  1 9 7 8  

w a s  a n  e x c e p t i o n a l l y  good  o n e  f o r  s k i p j a c k  c a t c h e s  wor ld -wide  

r e s u l t i n g  i n  d e p r e s s e d  p r i c e s  a n d ,  c o n s e q u e n t l y ,  a f i n a n c i a l l y  

p o o r  y e a r  f o r  t h e  f i s h i n g  c o m p a n i e s .  T h i s  p r e s e n t e d  a major 

p r o b l e m  fo r  PNG a t  t h e  t i m e  a s  i t  a p p e a r e d  t o  b e  n o t  w h e t h e r  i t s  

f l e e t  s h o u l d  e x p a n d  a n d  improve  i ts  t o t a l  c a t c h e s ,  b u t  w h e t h e r  i t  



was e c o n o m i c a l l y  p o s s i b l e  t o  d o  so. Worldwide demand f o r  t u n a  

h a s  d o u b l e d  d u r i n g  t h e  p a s t  t e n  y e a r s  and t h e  c u r r e n t  a c c e l e r a t e d  

demand i n d i c a t e s  t h i s  t r e n d  w i l l  c o n t i n u e .  The a v a i l a b l e  s t o c k s  

o f  t h e  e a s t e r n  P a c i f i c  and A t l a n t i c  a r e ,  f o r  t h e - m o s t  p a r t ,  b e i n g  

f u l l y  u t i l i z e d ;  t h e r e f o r e ,  t h e  i n c r e a s e d  w o r l d  demand f o r  t u n a  

w i l l  c a u s e  a  c o n t i n u i n g  upward movement i n  f i s h  p r i c e s .  D i s t a n t  

w a t e r  f i s h i n g  n a t i o n s  and l a r g e  t u n a  p r o c e s s i n g  companies  a r e  

l o o k i n g  t o  t h e  undeve loped ,  r i c h  f i s h i n g  a r e a s  i n  t h e  w e s t e r n  

P a c i f i c  a s  a  new s o u r c e  of  t u n a  t o  meet  t h e  w o r l d ' s  g rowing  

demand f o r  t u n a .  

Papua N e w  G u i n e a  is  now working  toward  t h e  deve lopmen t  o f  a  

c o s t - e f f e c t i v e  s u r v e i l l a n c e  and e n f o r c e m e n t  sys t em.  The costs  

a n d  p rob lems  o f  d e t e c t i n g  and a p p r e h e n d i n g  v e s s e l s  i n  s u c h  a  

l a r g e  a r e a  a r e  i n d e e d  f o r m i d a b l e .  With t h e  a s s i s t a n c e  o f  t h e  

U n i t e d  S t a t e s ,  Papua  New Guinea  i s  examin ing  t h e  f e a s i b i l i t y  o f  

e s t a b l i s h i n g  a  combined s a t e l l i t e  and  a i r c r a f t  s u r v e i l l a n c e  

s y s t e m  i n  t h e  s o u t h w e s t e r n  p a c i f i c ,  d e v e l o p i n g  a n  e f f e c t i v e  

e n f o r c e m e n t  c a p a b i l i t y ,  improv ing  f i s h e r i e s  d a t a  c o l l e c t i o n  and  

r e s e a r c h ,  and i n c r e a s i n g  t h e  c o o r d i n a t i o n  be tween n a t i o n a l  and 

p r o v i n c i a l  f i s h e r i e s  a g e n c i e s .  The Government  w i l l  have  t o t a l  

c o n t r o l  o v e r  f i s h e r y  r e s o u r c e s ,  b u t  w i l l  e n c o u r a g e  p a r t i c i p a t i o n  

and  c o o p e r a t i o n  o f  t h e  p r o v i n c i a l  gove rnmen t s .  

The F i s h e r i e s  D i v i s i o n  o f  t h e  M i n i s t r y  o f  P r imary  I n d u s t r y  

i s  c h a r g e d  w i t h  e n f o r c e m e n t  of  t h e  f i s h i n g  l a w s .  I t  is  a s s i s t e d  

i n  b o t h  s u r v e i l l a n c e  and e n f o r c e m e n t  by t h e  m i l i t a r y  arm o f  t h e  

Government,  t h e  Papua N e w  Gu inea  D e f e n c e  Force. The F i s h e r i e s  

D i v i s i o n  m a i n t a i n s  i t s  own s e a b o r n e  c a p a b i l i t y .  I t s  f l e e t  

c o n s i s t s  of t w o  v e s s e l s ,  a  c o n f i s c a t e d  J a p a n e s e  l o n g l i n e r ,  "Der  

Yang", and  a 4 5 - f o o t  d o u b l e  d e c k e r .  The Papua  N e w  Gu inea  Defence  

F o r c e  o p e r a t e s  a  f l e e t  o f  f i v e  armed p a t r o l  b o a t s  and t h r e e  Nomad 

p a t r o l  a i r c r a f t .  



The o p e r a t i o n a l  s u r v e i l l a n c e  t a s k  f a c i n g  t h e  PNG F i s h e r i e s  

D e p a r t m e n t  is  f i r s t  o n e  o f  d e t e c t i n g  f i s h i n g  v e s s e l s  s c a t t e r e d  

among o t h e r  s h i p s  o v e r  a n  e x t r e m e l y  l a r g e  a r e a ,  s e c o n d ,  o f  

unambiguous ly  i d e n t i f y i n g  t h e s e  v e s s e l s  a n d  s e p a r a t i n g  l i c e n s e d  

f rom u n l i c e n s e d  s h i p s ,  t h i r d ,  o f  p r e c i s e l y  l o c a t i n g  t h e i r  

g e o g r a p h i c  p o s i t i o n ,  and  f o u r t h ,  i f  w a r r a n t e d ,  d i r e c t i n g  and 

a s s i s t i n g  s u r f a c e  v e s s e l s  t o  i n t e r c e p t  i l l e g a l  t r a f f i c .  

The  p r e s e n t l y  e x i s t i n g  PNG c a p a b i l i t y  t o  a c c o m p l i s h  t h i s  

t a s k  is  m a r g i n a l  a t  b e s t .  Ove r  t h e  p a s t  s e v e n  y e a r s ,  

a p p r o x i m a t e l y  3 0  v e s s e l s  have  b e e n  c a u g h t  and  f i n e d  f o r  i l l e g a l  

f i s h i n g ,  f o r  a n  a v e r a g e  o f  s l i g h t l y  more t h a n  f o u r  p e r  y e a r .  

Most o f  t h e s e  h a v e  b e e n  s m a l l  v e s s e l s .  

S u r v e i l l a n c e  s y s t e m s  may b e  t a i l o r e d  t o  s u i t  a  w i d e  v a r i e t y  

of p u r p o s e s  and  a p p l i c a t i o n s .  Des ign  of  a n  a p p r o p r i a t e  and  

e f f e c t i v e  s u r v e i l l a n c e  s y s t e m  r e q u i r e s  d e f i n i t i o n  o f  s p e c i f i c  

d e t e c t i o n  and  m o n i t o r i n g  p a r a m e t e r s  and  r e s t r i c t i o n s  p l a c e d  o n  

t h e  s y s t e m .  

A d e t e c t i o n  s y s t e m  m u s t  b e  c a p a b l e  of  n o t  o n l y  d e t e c t i n g  

f i s h i n g  v e s s e l s  b u t  a l s o  o f  d i f f e r e n t i a t i n g  them f rom o t h e r  

l i k e l y  t a r g e t s  i n  t h e  a r e a ,  s u c h  a s  m e r c h a n t  v e s s e l s .  The  s y s t e m  

mus t  p r o v i d e  a c c u r a t e  l o c a t i o n  of t h e  t a r g e t .  R e q u i r e d  a c c u r a c y  

o f  t h e  s y s t e m  c a n  b e  o n  t h e  o r d e r  o f  a  few n a u t i c a l  m i l e s .  A 

f r e q u e n c y  o f  l o c a t i o n  o f  f o u r  h o u r s  would seem r e a s o n a b l e  i f  i t  

c o u l d  b e  a c h i e v e d .  T h i s  would p r e v e n t  d e e p  i n c u r s i o n s  i n t o  t h e  

w a t e r s  and  s e v e r e l y  l i m i t  f i s h i n g  t i m e  f o r  s h a l l o w  i n c u r s i o n s .  

The  t o t a l  number o f  v e s s e l s  which  t h e  s y s t e m  c a n  h a n d l e ;  

i . e . ,  s y s t e m  c a p a c i t y ,  mus t  b e  f l e x i b l e  enough t o  p r o v i d e  f o r  

l o c a t i o n  o f  u p  t o  1 , 0 0 0  v e s s e l s .  The s u r v e i l l a n c e  s y s t e m  mus t  

have  a c a p a b i l i t y  t o  p r o v i d e  i n f o r m a t i o n  i n  r e a l  time or  close t o  

r e a l  t i m e .  



I t  i s  h i g h l y  d e s i r a b l e  t h a t  c e r t a i n  t y p e s  o f  p e r i p h e r a l  d a t a  

b e  g a t h e r e d  c o n c o m i t a n t  w i t h  t h e  i d e n t i f i c a t i o n  a n d  l o c a t i o n  o f  

t h e  v e s s e l .    his d a t a  m i g h t  i n c l u d e :  d a i l y  c a t c h  by s p e c i e s ,  

w a t e r  t e m p e r a t u r e ,  pH, s a l i n i t y ,  t o t a l  d i s s o l v e d  s o l i d s ,  t o t a l  

o r g a n i c  c a r b o n ,  a t m o s p h e r i c  p r e s s u r e ,  o r  o t h e r  p a r a m e t e r s .  

T h e  t o t a l  s u r v e i l l a n c e  s y s t e m  m u s t  b e  c a p a b l e  o f  d e t e c t i n g  

a n d  m o n i t o r i n g  t h e  l o c a t i o n  o f  c o o p e r a t i v e  a n d  n o n - c o o p e r a t i v e  

t a r g e t s .  A c o o p e r a t i v e  t a r g e t  is  a  v e s s e l ,  p r e s u m a b l y  l i c e n s e d  

a n d  a c t i n g  w i t h i n  t h e  law, w h i c h  w i l l  c o o p e r a t e  w i t h  t h e  

s u r v e i l l a n c e  s y s t e m .  S u c h  c o o p e r a t i o n  m i g h t  r e q u i r e ,  a s  a 

c o n d i t i o n  o f  l i c e n s i n g ,  t h e  i n s t a l l a t i o n  o f  a n  e l e c t r o n i c  d e v i c e  

w h i c h  would a i d  t h e  s u r v e i l l a n c e  s y s t e m  i n  t r a c k i n g  t h e  v e s s e l .  

A n o n - c o o p e r a t i v e  t a r g e t  is o n e  wh ich  m i g h t  i n t e n t i o n a l l y  i n t r u d e  

i n t o  PNG waters unknown t o  a n y  a u t h o r i t i e s  and  wh ich  m i g h t  t a k e  

d e f i n i t e  e f f o r t s  t o  d o  so s u r r e p t i t i o u s l y .  

The  d e t e c t i o n ,  s u r v e i l l a n c e ,  a n d  m o n i t o r i n g  s y s  t e m  r e q u i r e s  

t h a t  t h e  p o s i t i o n  o f  a  v e s s e l  m u s t  b e  d e t e r m i n e d  r e m o t e l y .  T h e r e  

a re  a t  l e a s t  f i v e  f e a s i b l e  me thods  by wh ich  o n e  may d o  so. They  

i n c l u d e  p h o t o g r a p h i c  a n d  i m a g i n g  m e t h o d s ,  r a d i o  d e t e r m i n a t i o n  

m e t h o d s  w i t h  a d a t a  r e l a y ,  remote r a d i o  d e t e r m i n a t i o n  me thods ,  

d o p p l e r  s h i f t  s a t e l l i t e  me thods  w i t h  a  d a t a  r e l a y ,  a n d  remote 

d o p p l e r  s h i f t  s a t e l l i t e  me thods .  A l l  w i l l  allow a remote 

o b s e r v e r  t o  m o n i t o r  t h e  movement o f  a v e s s e l .  Each  h a s  i t s  

a d v a n t a g e s  a n d  d i s a d v a n t a g e s  f r o m  t h e  s t a n d p o i n t  o f  e f f e c t i v e n e s s  

a n d  cost.  

T h e  a p p l i c a b i l i t y  o f  v a r i o u s  t e c h n i q u e s  f a l l i n g  i n t o  e a c h  o f  

t h e s e  c a t e g o r i e s  h a s  b e e n  e v a l u a t e d .  T a b l e  1 s u m m a r i z e s  t h i s  

e v a l u a t i o n .  



Capability Capability Peripheral * 
to to Frequency Surveil- Real- (Oceanographic) Capital Cost 
Identify Locate o f System lance Time Data Gathering Cooperation Range of 

Alternative Techniques Vessel Vessel Location Capacity Rate Data Ca~ability Required Total System 

Visual (from aircraft) Yes Yes Low Yes No 

Aerial Photography Yes Yes LOW No Yes 

Aerial ~maging' Yes Yes Low Yes Yes 

Satellite Imaging No No N/A N/A . Medium Pos- Yes 
sible 

OMEGA with Data Yes Yes As often Unlim- High Yes Yes 
Relay as ited 

desired 

Passive RF Direction Possible Yes As often Unlim- High Yes No 
x Finders as ited 

desired 

Surface Search Radar No Yes As often Unlim- High Yes No 
as ited 
desired 

* 
No High 

* 
No High 

No Very low - 
very high 

Yes Medium 

** 
Vessel must Medium - High 
be actively 
transmitting 

No Medium - High 

Imaging Radar No Yes Dependent Unlim- Medium No Limited No 
o n # o f  ited 
aircraft 

TRANSIT with data Yes Yes As often Unlim- High Yes Yes 
Relay as ited 

desired 

TIROS-N ARGOS Yes yes 4 Hours 400 High Yes , Yes . 
vessels 

* 
High 

Yes Medium 

Yes Low 

* LOW = < $500,000 

Medium = $500,000 - $2,000,000 
High = > $2,000,000 

**  Including cost of surveillance aircraft 

T a b l e  1: SUMMARY CHART 



The ARGOS Data C o l l e c t i o n  Sys tem o f  TIROS-N a p p e a r s  t o  be  

t h e  most a p p r o p r i a t e  s y s t e m  f o r  m o n i t o r i n g  t h e  l o c a t i o n  o f  

c o o p e r a t i v e  v e s s e l s  f rom b o t h  t e c h n i c a l  and cost s t a n d p o i n t s .  

The  o n l y  d rawbacks  t o  i m p l e m e n t a t i o n  o f  t h i s  s y s t e m  a r e  t h e  

p r e s e n t  u n c e r t a i n t i e s  r e g a r d i n g  p e r m i s s i o n  t o  u s e  t h e  s y s t e m  and 

t h e  p o s s i b l e  l i m i t a t i o n s  o f  s y s t e m  c a p a c i t y  s h o u l d  i t  be  

implemented  o n  a  r e g i o n a l  ( m u l t i - n a t i o n )  b a s i s .  The l a t t e r  

d rawback  c a n  p r o b a b l y  b e  overcome w i t h  i n g e n i o u s  m o d i f i c a t i o n s  t o  

t h e  o p e r a t i o n  o f  t h e  s y s t e m  and  to  t h e  d e s i g n  o f  t h e  

t r a n s m i t t e r s .  A c c o r d i n g l y ,  w e  recommend t h a t  t h e  Government o f  

Papua  N e w  Gu inea  p r o c e e d  w i t h  a p p r o p r i a t e  a c t i o n s  t o  s e c u r e  

p e r m i s s i o n  t o  u s e  t h e  s y s t e m .  S h o u l d  t h e s e  e f f o r t s  f a i l ,  i t  may 

b e  n e c e s s a r y  t o  f a l l  back t o  t h e  s e c o n d  recommended s y s t e m  f o r  

c o o p e r a t i v e  t a r g e t s ,  t h e  TRANSIT/OMEGA s y s t e m .  

I m p l e m e n t a t i o n  o f  t h e  ARGOS DCS w i l l  r e q u i r e  e a c h  

c o o p e r a t i n g  v e s s e l  t o  i n s t a l l  a  gove rnmen t - supp l i ed  P l a t f o r m  

T r a n s m i t t e r  T e r m i n a l  (PTT) . I n  a d d i t i o n ,  t h e  gove rnmen t  mus t  

i n s t a l l  and o p e r a t e  a s a t e l l i t e  r e c e i v i n g  s t a t i o n  f o r  t h e  ARGOS 

d a t a .  I t  is  e s t i m a t e d  t h a t  a s i n g l e  r e c e i v i n g  s t a t i o n  w i l l  

p r o v i d e  more t h a n  s u f f i c i e n t  c o v e r a g e  f o r  a l l  o f  t h e  w a t e r s  of  

PNG1s DFZ. F i g u r e  2 i l l u s t r a t e s  e x p e c t e d  r a n g e  o f  t h e  s y s t e m .  

A wide  v a r i e t y  o f  e n v i r o n m e n t a l  s e n s o r s  may b e  i n t e r f a c e d  

w i t h  t h e  PTT. S e v e r a l  t y p e s  o f  s e n s o r s  a r e  commonly p r o v i d e d  a s  

a c c e s s o r i e s  w i t h  t h e  PTT1s m a n u f a c t u r e d  i n  t h e  U.S. They i n c l u d e  

s e a  s u r f a c e  t e m p e r a t u r e ,  a i r  t e m p e r a t u r e ,  b a r o m e t r i c  p r e s s u r e ,  

a n d  i n t e r n a l  b a t t e r y  v o l t a g e .  T h e s e  and  o t h e r  p a r a m e t e r s  may 

p r o v i d e  i n f o r m a t i o n  v a l u a b l e  t o  t h e  f i s h e r y  management community.  

O t h e r  p a r a m e t e r s  may i n c l u d e  pH, s a l i n i t y ,  d i s s o l v e d  oxygen ,  and 

t o t a l  o r g a n i c  c a r b o n .  I d e a l l y ,  any  s e n s o r  i n s t a l l e d  w i t h  t h e  PTT 

s h o u l d  be a u t o m a t e d  s u c h  t h a t  n o  manual  o p e r a t i o n  or c a l i b r a t i o n  

i s  r e q u i r e d .  



F i g u r e  2 :  EXPECTED RANGE O F  ARGOS SYSTEM 



C e r t a i n  t y p e s  o f  d a t a  mus t  b e  m a n u a l l y  i n p u t .  C a t c h  d a t a  i s  

o n e  s u c h  t y p e .  D i g i t a l  thumbwheel s w i t c h e s  c a n  b e  i n s t a l l e d  o n  

t h e  e x t e r i o r  o f  t h e  PTT c o n t a i n e r .  T h e s e  s w i t c h e s  c a n  b e  u s e d  t o  

i n p u t  t o n s  o f  f i s h  c a u g h t ,  number o f  f i s h  c a u g h t ,  s c h o o l s  

chummed, s c h o o l s  f i s h e d ,  b u c k e t s  o f  b a i t ,  s e a  c o n d i t i o n ,  number 

o f  b a s k e t s ,  number o f  hooks ,  a n d  s p e c i e s  o f  f i s h  ( b y  c o d e ) .  

The ARGOS s y s t e m  w i l l  p r o v i d e  a  c o n t i n u o u s  m o n i t o r i n g  o f  a l l  

c o o p e r a t i v e  v e s s e l s .  A p p r o x i m a t e l y  s e v e n  t i m e s  p e r  d a y ,  i t  w i l l  

u p d a t e  l o c a t i o n s  o f  a l l  v e s s e l s  a n d  w i l l  r e l a y  o c e a n o g r a p h i c  d a t a  

f rom each .  T h i s  s y s t e m  w i l l  t h u s  e f f e c t i v e l y  m o n i t o r  a l l  

c o o p e r a t i v e  f i s h i n g  a c t i v i t y  i n  t h e  DFZ and  may b e  expanded  t o  

p r o v i d e  r e g i o n a l  c o v e r a g e  o f  much o f  t h e  S o u t h  P a c i f i c .  

S u r v e i l l a n c e  o f  n o n - c o o p e r a t i v e  t a r g e t s  w i l l  r e q u i r e  a n  

a i r b o r n e  c a p a b i l i t y .  A d e d i c a t e d  a i r c r a f t  s h o u l d  b e  o u t f i t t e d  

w i t h  s p e c i a l  s u r v e i l l a n c e  s e n s o r s  and  u s e d ,  i n  c o n j u n c t i o n  w i t h  

t h e  r e a c t i o n  c a p a b i l i t i e s  o f  t h e  D e f e n c e  F o r c e  p a t r o l  b o a t s ,  t o  

d e t e c t  and a p p r e h e n d  v i o l a t o r s  o f  PNG's w a t e r s .  

Two p r i m a r y  s u r v e i l l a n c e  s y s t e m s  a r e  recommended f o r  t h e  PNG 

program - s e a  s u r v e i l l a n c e  r a d a r ,  a n d  a n  e l e c t r o n i c  i n t e l l i g e n c e  

(ELINT) d e t e c t i o n  s y s t e m .  T h e s e  u n i t s  a r e  b o t h  c o m p a t i b l e  a n d  

complementary .  A l though  t h e  s y s  t e m s  t h e m s e l v e s  would a p p e a r  t o  

r e p r e s e n t  a d v a n c e d  t e c h n o l o g y ,  t h e y  have  b e e n  w e l l - t e s t e d  f o r  

y e a r s  i n  o t h e r  a p p l i c a t i o n s  a n d  a r e  a v a i l a b l e  a s  " o f f - t h e - s h e l f "  

ha rdware .  

C e r t a i n  a i r b o r n e  s u r f a c e  s e a r c h  r a d a r  s y s t e m s  h a v e  b e e n  

s p e c i f i c a l l y  d e s i g n e d  and  o p t i m i z e d  f o r  m a r i t i m e  s u r v e i l l a n c e  a n d  

d e t e c t i o n  o f  s m a l l  t a r g e t s  i n  h i g h  s e a  s t a t e s .  T h e s e  s y s t e m s  i n  

g e n e r a l  f e a t u r e  h i g h e r  o u t p u t  power ,  a  p h y s i c a l l y  l a r g e r  a n t e n n a  

a n d  n a r r o w e r  beam w i d t h  t h a n  f o u n d  i n  w e a t h e r  r a d a r  s y s t e m s ,  

m u l t i p l e  p u l s e  w i d t h s  and  PRF r a t e s  t o  maximize  r e s o l u t i o n  a t  

s h o r t ,  medium, a n d  l o n g  r a n g e s ,  a n d  v a r i o u s  e l e c t r o n i c  t e c h n i q u e s  

t o  d e c r e a s e  s e a  r e t u r n  c l u t t e r  and  e n h a n c e  t h e  s i g n a l - t o - n o i s e  



r a t i o ,  t h u s  i m p r o v i n g  t a r g e t  d e t e c t a b i l i  t y  . T h e s e  s y s t e m s  a r e  

n o r m a l l y  mounted i n  a  radome o r  pod c a r r i e d  below t h e  a i r c r a f t  

a n d  s c a n  t h r o u g h  a  f u l l  360  d e g r e e s .  

Two s u c h  s e a  s u r v e i l l a n c e  r a d a r  s y s t e m s  p r e s e n t l y  a v a i l a b l e  

a r e  t h e  L i t t o n  A N / A P S - ~ O ~ ( V ) - ~  and  t h e  AIL (Cut ler-Hammer)  

AN/APS-128. P e r f o r m a n c e  o f  t h e s e  s y s t e m s  i s  s i m i l a r  i n  many 

r e s p e c t s  and  c h o i c e  b e t w e e n  them,  o r  o t h e r s ,  s h o u l d  b e  b a s e d  o n  

t h e  p a r t i c u l a r  p rogram r e q u i r e m e n t s .  

S i n c e  t h e  r a d a r  h o r i z o n  o r  a r e a  o f  p o s s i b l e  e l e c t r o n i c  

s u r v e i l l a n c e  i n c r e a s e s  w i t h  a l t i t u d e ,  t h e  s e a r c h  a i r c r a f t  s h o u l d  

o p e r a t e  a t  a s  h i g h  a n  a l t i t u d e  a s  p o s s i b l e ,  c o n s i s t e n t  w i t h  

t a r g e t  d e t e c t a b i l i t y  . A s  r e f l e c t e d  i n  T a b l e  2 ,  d e t e c t i o n  r a n g e  

f o r  t h e  s m a l l e r  20 s q u a r e  meter t a r g e t s  d e c r e a s e s  m a r k e d l y  above  

a b o u t  2 ,000  f e e t  a l t i t u d e ,  w h e r e a s  m o s t  o f  t h e  l a r g e r  t a r g e t s  c a n  

b e  s e e n  a s  w e l l  o r  b e t t e r  a t  1 0 , 0 0 0  f e e t .  T h i s  would i n d i c a t e  

t h a t  t w o  s e p a r a t e  t y p e s  o f  s u r v e i l l a n c e  m i s s i o n s  m i g h t  b e  

a p p r o p r i a t e  - a  h i g h  a l t i t u d e  r e g i o n a l  sweep  f o r  t h e  l a r g e r  and  
- more e c o n o m i c a l l y  i m p o r t a n t  t a r g e t s ,  and  a  l o w  a l t i t u d e  p a t r o l  

o v e r  s e l e c t e d  a r e a s  a g a i n s t  t h e  l e s s  " e x p e n s i v e "  b u t  more l o c a l l y  

- d e s t r u c t i v e  i l l e g a l  "clam b o a t s " .  

ELINT s y s t e m s ,  p a s s i v e  r e c e i v e r s  l i s t e n i n g  f o r  t r a n s m i s s i o n s  - 
f r o m  v e s s e l  r a d a r  s y s t e m s ,  have  s e v e r a l  u n i q u e  a d v a n t a g e s  o v e r  

r a d a r  f o r  m a r i t i m e  s u r v e i l l a n c e .  The p r i n c i p a l  a d v a n t a g e  i s  
=-* t a r g e t  d e t e c t i o n  r a n g e .  E f f e c t i v e  r a n g e  f o r  any  r a d a r  s y s t e m  is  

p r i m a r i l y  l i m i t e d  by 1) t h e  l i n e - o f - s i g h t  h o r i z o n  a n d  2 )  t h e  

-.- ,' s t r e n g t h  o f  t h e  r e t u r n  s i g n a l ,  o r  r a d a r  e c h o .  Thus ,  t y p i c a l  

r a d a r  s y s t e m s  o n  f i s h i n g  v e s s e l s  o r  m a r i t i m e  p a t r o l  b o a t s  w i l l  

- * h a v e  a  maximum r a n g e  o f  30  t o  50  n a u t i c a l  m i l e s ,  l i m i t e d  by t h e  

h e i g h t  o f  t h e  a n t e n n a  above  t h e  s e a  s u r f a c e ,  w h i l e  s e a  

s u r v e i l l a n c e  r a d a r  c a r r i e d  o n  a i r c r a f t  w i l l  h a v e  a  maximum r a n g e  
-,- 

o f  50 t o  1 0 0  m i l e s  f o r  v a r i o u s  t a r g e t s ,  l i m i t e d  by t h e  s t r e n g t h  

o f  t h e  r a d a r  r e t u r n .  ELINT r e c e p t i o n  i s  l i m i t e d  m a i n l y  by t h e  
I l i n e - o f - s i g h t  h o r i z o n .  R a d a r  t r a n s m i t t e r s  o f  t h e  t y p e  commonly 

found  o n  c o m m e r c i a l  f i s h i n g  and  m a r i n e  v e s s e l s  c a n  b e  d e t e c t e d  



Table 2 :  RADAR DETECTION RANGE (nm) UNDER S S 2  CONDITIONS 

R a d a r  T a r g e t  
A r e a  
(m2 

20 

150 

300 

1000 

A i r c r a f t  A l t i t u d e  ( f t )  

10,000 

10 nm 
- 

55 nm 

70 nm 

95 nm 

1,000 

30 nm 

40 nm 

40 nm 

40 nm 

2,000 

30 nm 

50 nm 

55 nm 

55 nm 

5,000 

10 nm 

60 nm 

70 nm 

85 nm 



and t r a c k e d  a t  r a n g e s  o f  200 t o  300 n a u t i c a l  m i l e s  f rom m o d e r a t e  

a l t i t u d e s ,  o r  a t  u p  t o  t e n  t i m e s  t h e  e f f e c t i v e  r a n g e  o f  r a d a r .  

Wi th  t h e  c o m b i n a t i o n  o f  advanced  s e a  s u r v e i l l a n c e  r a d a r  and  

ELINT s y s t e m s  recommended h e r e ,  s e a r c h  a i r c r a f t  c a n  o p e r a t e  

e f f i c i e n t l y  i n  t h e  10 ,000  t o  25,000 f o o t  a l t i t u d e  r a n g e .  A t  a n  

a l t i t u d e  o f  10 ,000  f e e t ,  t h e  r a d a r  c o v e r a g e  a r e a  i n c r e a s e s  t o  

31 ,400  s q u a r e  nm, o r  more t h a n  1 4 0  t imes t h a t  p o s s i b l e  a t  3 ,000  

f e e t .  When combined w i t h  ELINT c a p a b i l i t y ,  t h e  i n s t a n t a n e o u s  

a r e a  c o v e r g e  i n c r e a s e s  t o  196 ,350  s q u a r e  nm, n e a r l y  900 t imes t h e  

s t a n d a r d  r a d a r  c o v e r a g e  a t  l o w  a l t i t u d e .  T h i s  i n c r e a s e d  

e f f i c i e n c y  means t h a t  100% o f  t h e  DFZ c a n  now b e  c o v e r e d  i n  less 

t h a n  o n e - t h i r d  t h e  t i m e  o t h e r w i s e  r e q u i r e d  t o  c o v e r  o n l y  40% o f  

t h e  a r e a .  A t y p i c a l  p a t t e r n  i s  p r e s e n t e d  i n  F i g u r e  3.  I f  t h e  

o p e r a t i o n a l  a l t i t u d e  is i n c r e a s e d  t o  25,000 f e e t ,  t h e n ,  a s  shown 

i n  F i g u r e  4 ,  70% o f  t h e  t o t a l  DFZ m i g h t  b e  c o v e r e d  i n  a  s i n g l e  

f l i g h t  of  a p p r o x i m a t e l y  e i g h t  h o u r s .  

The p r i n c i p a l  r e q u i r e m e n t s  f o r  a i r c r a f t  s e l e c t e d  f o r  

n o n - m i l i t a r y  m a r i t i m e  s u r v e i l l a n c e  a c t i v i t i e s  a r e  ( i n  o r d e r  o f  

i m p o r t a n c e )  : r a n g e  or e n d u r a n c e  o n  s t a t i o n ,  p a y l o a d ,  s p e e d  and  

a l t i t u d e  c a p a b i l i t y .  E a s e  o f  m a i n t e n a n c e ,  r e p a i r ,  commonal i ty  o f  

equ ipmen t  a n d  a v a i l a b i l i t y  of  s u p p o r t  s e r v i c e s  a r e  o t h e r  f a c t o r s  

t h a t  t o g e t h e r  w i t h  s y s t e m s '  cost  w i l l  d e f i n e  t h e  s p e c i f i c  

a i r c r a f t  or  c o m b i n a t i o n s  of  a i r c r a f t  t h a t  o f f e r  t h e  m o s t  

c o s t - e f f e c t i v e  s o l u i o n  t o  any n a t i o n ' s  m a r i t i m e  s u r v e i l l a n c e  

problem.  

T h e r e  a r e  s e v e r a l  r e l a t i v e l y  s m a l l  t u r b o p r o p  a i r c r a f t  

a v a i l a b l e  whose s i z e ,  p e r f o r m a n c e  and  p r i c e  would seem t o  make 

them v i a b l e  c a n d i d a t e s  f o r  t h e  s e a  s u r v e i l l a n c e  role.  S i x  o f  



Figure 3: SEARCH PATTERN AND AREA COVERAGE 
(150 m2 target; 10,000 foot altitude; 24 search hours) 
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Figure 4: MAXIMUM RANGE SINGLE FLIGHT COVERAGE 
(150 rn2 target; 25,000 feet altitude; 8.2 search hours) 

70% of the DFZ 



t h e s e ,  t o g e t h e r  w i t h  t w o  j e t  a i r c r a f t  i n c l u d e d  f o r  c o m p a r i s o n  

p u r p o s e s  h a v e  b e e n  e v a l u a t e d .  They i n c l u d e  t h e  Westwind I ,  t h e  

C i t a t i o n  I, t h e  M e r l i n  I V A ,  t h e  S u p e r  King A i r ,  t h e  M a r q u i s e ,  t h e  

C o n q u e s t ,  t h e  T u r b o  Commander 690B, and  t h e  Cheyenne  11. 

Beech a n d  C e s s n a  would a p p e a r  t o  b e  t h e  l e a d i n g  c o n t e n d e r s  

f o r  t h e  maritime s u r v e i l l a n c e  a i r c r a f t  role,  a s  b o t h  have  b u i l t  

a n d  m o d i f i e d  s u c h  a i r c r a f t .  The  Rockwe l l  Commander and  

M i t s u b i s h i  M a r q u i s e  s h o u l d  d e f i n i t e l y  b e  examined  i n  more d e t a i l ,  

i f  o n l y  b e c a u s e  o f  t h e i r  h igh-wing  d e s i g n .  F i n a l  s e l e c t i o n  

be tween  t h e s e  a i r c r a f t  s h o u l d  b e  d e l a y e d  p e n d i n g  d e c i s i o n  

r e g a r d i n g  t h e  s p e c i f i c  s u r v e i l l a n c e  s y s t e m s  t o  b e  c a r r i e d ,  power  

r e q u i r e m e n t s ,  number o f  crew s t a t i o n s  and  s i m i l a r  c o n s i d e r a t i o n s .  

The  Nomad 22B p r e s e n t l y  o p e r a t e d  by t h e  PNG D e f e n c e  F o r c e  is 

n o t  recommended f o r  t h e  p r i m a r y  sea s u r v e i l l a n c e  role.  Wi th  

e x t r a  f u e l  t a n k s  i n s t a l l e d ,  t h e  a i r c r a f t  d o e s  n o t  h a v e  s u f f i c i e n t  

r e m a i n i n g  p a y l o a d  c a p a c i t y  t o  accomoda te  t h e  recommended 

s u r v e i l l a n c e  systems', o p e r a t o r s ,  o b s e r v e r s ,  a i r  c o n d i t i o n i n g ,  and  

s im i l a r  e q u i p m e n t .  T h i s  d o e s  n o t ,  however ,  mean t h a t  t h e  p r e s e n t  

Nomad 22B f l e e t  s h o u l d  n o t  b e  u s e d  i n  sea s u r v e i l l a n c e  m i s s i o n  

s u p p o r t .  T h e  a i r c r a f t  c o u l d  p l a y  a v e r y  u s e f u l  ro le  i n  l o w  

a l t i t u d e  sweeps a g a i n s t  t a r g e t s  s u c h  as  t h e  i l l e g a l  "clam b o a t s " ,  

which  d o  n o t  c a r r y  r a d a r  and  a r e  d i f f i c u l t  t o  d e t e c t  f rom h i g h  

a l t i t u d e .  S i m i l a r l y ,  i f  a v e s s e l  s e e n  t o  b e  i l l e g a l l y  f i s h i n g  

w i t h i n  t h e  DFZ moves beyond  t h e  200-mi le  l i m i t  b e f o r e  i n t e r c e p t ,  

t h e  d o c t r i n e  o f  " h o t  p u r s u i t "  w i l l  o n l y  h o l d  i f  t h e  v e s s e l  h a s  

b e e n  f o l l o w e d  a n d  k e p t  u n d e r  c o n s t a n t  o b s e r v a t i o n  by t h e  

s u r v e i l l a n c e  a i r c r a f t .  Under  t h e s e  c o n d i t i o n s ,  m u l t i p l e  a i r c r a f t  

may b e  r e q u i r e d  t o  m a i n t a i n  a r o t a t i n g  wa tch  o n  t h e  v e s s e l  u n t i l  

i t  c a n  b e  i n t e r c e p t e d  and  b o a r d e d .  

T h i s  f e a s i b l i t y  s t u d y  h a s  c o n c l u d e d  t h a t  s u r v e i l l a n c e  o f  

Papua  N e w  G u i n e a ' s  D e c l a r e d  F i s h i n g  Zone u s i n g  advanced  

t e c h n o l o g y  i s  b o t h  p o s s i b l e  a n d  p r a c t i c a l  w i t h i n  p r e s e n t  s y s t e m  



c o n s t r a i n t s  and  b u d g e t  l i m i t a t i o n s .  p o t e n t i a l  a d v a n t a g e s  of  s u c h  

s u r v e i l l a n c e  i n c l u d e  p r o t e c t i o n  o f  t h e  c o u n t r y  I s  n a t i o n a l  

i n t e r e s t ,  more e f f i c i e n t  e n f o r c e m e n t  o f  n a t i o n a l  l a w s ,  more 

e f f e c t i v e  management o f  t h e  c o u n t r y ' s  f i s h e r y  r e s o u r c e s ,  

i n c r e a s e d  r e v e n u e s  f rom l i c e n s i n g  a g r e e m e n t s ,  and  e x p a n s i o n  o f  

t h e  s c i e n t i f i c  d a t a  b a s e .  

V a r i o u s  t e c h n i q u e s  a r e  a p p l i c a b l e  t o  t h e  s u r v e i l l a n c e  

p r o b l e m .  C o o p e r a t i v e  v e s s e l s  may b e  m o n i t o r e d  w i t h  u s e  o f  t h e  

TIROS-N ARGOS D a t a  C o l l e c t i o n  Sys tem.  An a l t e r n a t i v e  t o  t h i s  

t e c h n i q u e  is  t h e  TRANSIT/OMEGA n a v i g a t i o n  s y s t e m  w i t h  a  SSB 

d i g i t i a l  d a t a  r e l a y .  D e t e c t i o n  a n d  s u r v e i l l a n c e  o f  

n o n - c o o p e r a t i v e  v e s s e l s  w i l l  r e q u i r e  a n  a i r b o r n e  c a p a b i l i t y .  A 

d e d i c a t e d  m a r i t i m e  s u r v e i l l a n c e  a i r c r a f t  w i t h  s u r f a c e  s e a r c h  

r a d a r  a n d  a n  ELINT c a p a b i l i t y  is recommended. 

M a i n t e n a n c e  o f  a  r e a c t i o n  o r  e n f o r c e m e n t  f o r c e  is a 

n e c e s s i t y  i f  t h e  o v e r a l l  s y s t e m  is t o  work.  D e t e c t i o n  a l o n e  w i l l  

n o t  s u f f i c e .  T h e r e  m u s t  b e  a c a p a b i l i t y  t o  p u r s u e  a n d  c a p t u r e  

o f f e n d e r s .  The s u r v e i l l a n c e  s y s t e m  w i l l  a s s i s t  i n  l o g i c a l  and  

e f f i c i e n t  d e p l o y m e n t  o f  t h e  r e a c t i o n  f o r c e s  and  w i l l  g u i d e  t h e s e  

f o r c e s  t o  s p e c i f i c  o f f e n d e r s .  

The  t e c h n o l o g y  recommended h e r e i n  is o f  p r o v e n  o f f - t h e - s h e l f  

d e s i g n .  However, c o n s i d e r a b l e  s p e c i f i c  d e s i g n  w i l l  b e  n e c e s s a r y  

t o  p r o p e r l y  t a i l o r  t h e  a v a i l a b l e  h a r d w a r e  t o  t h e  a p p l i c a t i o n .  

T h i s  i s  t r u e  f o r  a l l  a s p e c t s  o f  t h e  s y s t e m ,  i n c l u d i n g  t h e  PTT's ,  

t h e  o c e a n o g r a p h i c  s e n s o r  i n t e r f a c e s ,  t h e  r e c e i v i n g  s t a t i o n ,  t h e  

a i r b o r n e  s e n s o r  s e l e c t i o n  a n d  i n t e r f a c e ,  and  a i r c r a f t  

m o d i f i c a t i o n s .  An o p e r a t i o n a l  d e s i g n  s t u d y  s h o u l d  b e  c o m p l e t e d  

p r i o r  t o  any  h a r d w a r e  p u r c h a s e .  T h i s  s t u d y  s h o u l d  p r o v i d e  

d e t a i l e d  o p e r a t i o n a l  s p e c i f i c a t i o n s  fo r  a l l  s y s t e m s .  T h e s e  

s p e c i f i c a t i o n s  c o u l d  b e  d i r e c t l y  i n p u t  t o  f u t u r e  p u r c h a s e  

d o c u m e n t s  o r  r e q u e s t s  f o r  b i d s .  

R a t h e r  t h a n  p r o c e e d i n g  d i r e c t l y  t o  a f u l l - s c a l e  s u r v e i l l a n c e  

s y s t e m  m o n i t o r i n g  l o c a t i o n  o f  a l l  f i s h i n g  v e s s e l s  i n  PNG's 

w a t e r s ,  i t  is  recommended t h a t  PNG p r o c e e d  f i r s t  w i t h  a  p i l o t  



P r o j e c t  o n  a  s m a l l e r  s c a l e .  T h i s  P i l o t  P r o j e c t  c o u l d  o u t £  i t  

p e r h a p s  30  v e s s e l s  w i t h  PTT'S, e s t a b l i s h  t h e  recommended 

r e f e r e n c e  t r a n s m i t t e r s ,  and  i n s t r u m e n t  some r a f t s .  The P i l o t  

s y s t e m  s h o u l d  t h e n  b e  o p e r a t e d  f o r  p e r h a p s  o n e  y e a r  t o  i r o n  o u t  
any  o p e r a t i o n a l  d i f f i c u l t i e s  which  may a r i s e .  A f t e r  t h a t  t i m e ,  

t h e  s y s t e m  would become f u l l y  o p e r a t i o n a l .  

I n  a d d i t i o n  t o  a s s i s t i n g  t h e  Government o f  PNG i n  p r o t e c t i n g  

i t s  n a t u r a l  r e s o u r c e s ,  t h e  p roposed  s y s t e m  w i l l  a l s o  d i r e c t l y  

b e n e f i t  t h e  c o o p e r a t i v e  f i s h i n g  i n d u s t r y  and  f o r e i g n  v e s s e l s  

o p e r a t i n g  i n  PNG w a t e r s .  A t  p r e s e n t ,  PNG and  o t h e r  n a t i o n s  i n  

t h e  w e s t e r n  p a c i f i c  e s t a b l i s h  l i c e n s e  f e e s  based  o n  t h e  amount o f  

f i s h  a  p a r t i c u l a r  v e s s e l  " s h o u l d "  b e  a b l e  t o  c a t c h .  T h e s e  f e e s  

a r e  p a i d  w h e t h e r  a  v e s s e l  c a t c h e s  f i s h  or n o t .  The new s y s t e m  

p r o p o s e d  h e r e  would a l l o w  PNG t o  d o  away w i t h  t h i s  l i c e n s e  f e e  

e n t i r e l y ,  and  i n s t e a d  c a l c u l a t e  a  f e e  b a s e d  o n  a c t u a l  c a t c h .  

Thus ,  v e s s e l s  would b e  f r e e  t o  e n t e r  PNG w a t e r s  and f i s h  a t  any  

t i m e  w i t h  n o  economic  r i s k  t o  t h e m s e l v e s .  I f  n o t h i n g  was c a u g h t ,  

t h e r e  would b e  n o   fee. T h i s  s y s t e m  c o u l d  e a s i l y  b e  expanded  t o  

i n c l u d e  t h e  w a t e r s  o f  o t h e r  n a t i o n s  i n  t h e  w e s t e r n  P a c i f i c .  I f  

t h i s  were done ,  f i s h e r m e n  o f  any n a t i o n  would b e  f r e e  t o  f o l l o w  

t h e  s c h o o l s ,  p a y i n g  o n l y  f o r  w h a t  t h e y  a c t u a l l y  t a k e .  

Second,  r e g i o n a l  d a t a  c o l l e c t e d  by t h e  s y s t e m  s u c h  a s  w a t e r  

t e m p e r a t u r e  and  t h e  l o c a t i o n  and movement o f  f i s h  c o u l d  b e  made 

a v a i l a b l e  t o  c o o p e r a t i v e  v e s s e l s .  T h i s  would d i r e c t l y  a s s i s t  i n  

e f f e c t i v e l y  l o c a t i n g  f i s h  a n d  d e c r e a s e  u n p r o d u c t i v e  t i m e  s p e n t  i n  

s e a r c h  o p e r a t i o n s .  

F i n a l l y ,  i n c l u s i o n  o f  a n  emergency l o c a t o r  s w i t c h  i n  t h e  PTT 

u n i t  w i l l  a s s i s t  i n  any  s e a r c h  and  r e s c u e  o p e r a t i o n .  S a f e t y  a t  

s e a  is a l w a y s  a  p r ime  c o n c e r n .  T h i s  f e a t u r e  s h o u l d  e n h a n c e  t h a t  

s a f e t y .  



2.0 INTRODUCTION AND BACKGROUND 

On March 3 0 ,  1 9 7 8 ,  t h e  I n d e p e n d e n t  S t a t e  o f  Papua  N e w  G u i n e a  
I 

i s s u e d  t h e  O f f s h o r e  S e a s  P r o c l a m a t i o n  1978 .  T h i s  p r o c l a m a t i o n  

p u t  i n t o  e f f e c t  c e r t a i n  f e a t u r e s  o f  t h e  N a t i o n a l  S e a s  A c t  1977  

d e f i n i n g  t h e  " o f f s h o r e  seas" o f  t h e  S t a t e .  I n  e s s e n c e ,  t h i s  

p r o c l a m a t i o n  d e c l a r e d  w a t e r s  w i t h i n  200 mi les  o f  t h e  S t a t e  t o  b e  

u n d e r  t h e  c o n t r o l  o f  t h e  S t a t e  w i t h  r e g a r d  t o  c e r t a i n  m a t t e r s ,  

among them, f i s h i n g .  The o f f s h o r e  seas became synonymous w i t h  

t h e  D e c l a r e d  F i s h i n g  Zone (DFZ) o f  PNG. The S t a t e  d e c l a r e d  i t s  

r i g h t s  t o  c o n t r o l  a l l  f i s h i n g  a c t i v i t y  w i t h i n  t h i s  zone  and  t o  

d e f e n d  t h e s e  r i g h t s  by f o r c e ,  i f  n e c e s s a r y .  F i g u r e  5  shows t h e  

bounda ry  o f  t h e  o f f s h o r e  s e a s  o f  PNG. I t  c o n t a i n s  o v e r  1 . 2  

m i l l i o n  s q u a r e  m i l e s  o f  area, 750 ,000  o f  wh ich  is o c e a n .  

The  F i s h e r i e s  D i v i s i o n  o f  t h e  M i n i s t r y  o f  P r i m a r y  I n d u s t r y  

i s  c h a r g e d  w i t h  t h e  r e s p o n s i b i l i t y  o f  r e g u l a t i n g  f i s h i n g  a c t i v i t y  

w i t h i n  t h i s  zone ,  a n d ,  w i t h  t h e  a s s i s t a n c e  o f  t h e  D e f e n s e  F o r c e ,  

o f  e n f o r c i n g  i t s  r e g u l a t i o n s .  The  F i s h e r i e s  D i v i s i o n  h a s  e n a c t e d  

a  l i c e n s i n g  p r o c e d u r e  by wh ich  f i s h i n g  v e s s e l s ,  b o t h  d o m e s t i c  and  

f o r e i g n ,  may p u r c h a s e  a  l i c e n s e  t o  f i s h  t h e s e  w a t e r s .  The cost  

o f  t h i s  l i c e n s e  is b a s e d  o n  a p e r c e n t a g e  o f  t h e  v a l u e  o f  t h e  f i s h  

w h i c h  i t  is  e s t i m a t e d  t h a t  a v e s s e l  o f  a p a r t i c u l a r  t y p e  a n d  s i z e  

s h o u l d  b e  a b l e  t o  c a t c h .  Thus ,  e s t i m a t e d  c a t c h  r a t h e r  t h a n  

a c t u a l  c a t c h  g o v e r n s  t h i s  c a l c u l a t i o n .  

The  waters w i t h i n  Papua  N e w  G u i n e a ' s  DFZ are  some o f  t h e  

r i c h e s t  i n  t h e  w o r l d ,  a n d  b o a t s  f rom s e v e r a l  n a t i o n s  f i s h  h e r e  

w i t h  a  v a r i e t y  o f  g e a r .  A s  o n e  example ,  310  J a p a n e s e  f i s h i n g  

v e s s e l s  i n c l u d i n g  p u r s e  s e i n e r s ,  l o n g l i n e r s  and  p o l e - a n d - l i n e  

b o a t s  p u r c h a s e d  l i c e n s e s  t o  f i s h  i n  PNG waters i n  1978 .  I n  

a d d i t i o n  t o  v e s s e l s  l e g a l l y  l i c e n s e d ,  a  l a r g e  number o f  

u n l i c e n s e d  f o r e i g n  v e s s e l s  f i s h  t h e s e  w a t e r  f o r  t u n a ,  p r awns ,  

clams a n d  o t h e r  f i s h  a n d  s h e l l f  i s h .  E s t i m a t e s  o f  t h e  number o f  

s u c h  i l l e g a l  v e s s e l s  v a r y  w i d e l y ,  b u t  1 5 0  v e s s e l s  p e r  y e a r  seems 

a r e a s o n a b l e  f i g u r e .  A t  any t i m e ,  t h e r e  may b e  200 or more 

v e s s e l s  a c t i v e l y  f i s h i n g  w i t h i n  PNG w a t e r s .  Some e s t i m a t e s  p l a c e  

t h i s  f i g u r e  a t  n e a r e r  500 .  T h i r t y  p e r c e n t  o f  t h e s e  v e s s e l s ,  o r  

f r o m  60-150, a re  b e l i e v e d  t o  b e  i l l e g a l .  
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E s t i m a t e s  o f  t h e  v a l u e  o f  t h e  PNG f i s h e r i e s  r e s o u r c e  t h a t  i s  

l o s t  e a c h  y e a r  t o  i l l e g a l  f i s h i n g  o p e r a t i o n s  a re  n o t  a v a i l a b l e ,  

b u t  t h i s  l o s t  r e v e n u e  i s  b e l i e v e d  t o  b e  s u b s t a n t i a l .  I n  some 

cases, t h e  soc ia l  cost  may b e  w e l l  a b o v e  t h e  m a r k e t  v a l u e  o f  t h e  

r e s o u r c e  los t .  The  economy and  l i v e l i h o o d  o f  v i l l a g e s  i n  

o u t l y i n g  areas  a n d  small  i s l a n d s  may depend  e n t i r e l y  upon t h e  

r e s o u r c e s  o f  a s i n g l e  r e e f .  An i l l e g a l  "clam b o a t "  c a n  

c o m p l e t e l y  s t r i p  s u c h  a r e e f ,  d e s t r o y i n g  i n  a matter  o f  h o u r s  a 

r e n e w a b l e  r e s o u r c e  t h a t  would h a v e  c o n t i n u e d  t o  s u p p o r t  a n  e n t i r e  

v i l l a g e  f o r  y e a r s .  G i v e n  t h e  l o w  est imate o f  1 5 0  v e s s e l s  p e r  

y e a r  f i s h i n g  i l l e g a l l y  i n  PNG waters and  t h e  a v e r a g e  o f  s l i g h t l y  

more t h a n  f o u r  p e r  y e a r  t h a t  are  a p p r e h e n d e d  a n d  f i n e d ,  t h e n  9 7 %  

o f  a l l  v e s s e l s  e s c a p e  d e t e c t i o n  a t  t h e  p r e s e n t  t i m e .  W i t h  t h e  

h i g h  p r o f  i ts p o s s i b l e  i n  t o d a y ' s  m a r k e t  f o r  f i s h  p r o d u c t s ,  t h e s e  

r i s k s  m u s t  seem r e l a t i v e l y  s m a l l  t o  many o p e n - w a t e r  f i s h e r m e n .  

2 .1  P r o j e c t  f is tor^ 

I n  r e s p o n s e  t o  a  r e q u e s t  f r o m  t h e  F i s h e r i e s  D i v i s i o n  o f  t h e  

Gove rnmen t  o f  Papua  N e w  G u i n e a ,  t h e  U n i t e d  S t a t e s  Agency f o r  

I n t e r n a t i o n a l  Deve lopment  i n i t i a t e d  a p r o j e c t  t o  d e t e r m i n e  t h e  

f e a s i b i l i t y  o f  v a r i o u s  t e c h n i q u e s  f o r  s u r v e i l l a n c e  a n d  m o n i t o r i n g  

o f  h i g h  seas f i s h i n g  v e s s e l s  i n  t h e  D e c l a r e d  F i s h i n g  Zone (DFZ) 

o f  t h e  waters o f  P a p u a  N e w  Gu inea .  I n  p r e v i o u s  d i s c u s s i o n s  w i t h  

v a r i o u s  t e c h n i c a l  i n d i v i d u a l s ,  M r .  P e t e r  W i l s o n ,  Director o f  

F i s h e r i e s  f o r  Papua  N e w  G u i n e a ,  w a s  b r i e f l y  i n t r o d u c e d  t o  t h e  

p o s s i b i l i t i e s  o f  u s i n g  s a t e l l i t e  a n d  a i r c r a f t  remote s e n s i n g  and  

c o m m u n i c a t i o n  p r o c e d u r e s  t o  d e t e c t  a n d  m o n i t o r  t h e  a c t i v i t y  o f  

d o m e s t i c  a n d  f o r e i g n  f i s h i n g  v e s s e l s  w i t h i n  PNG1s 200 m i l e  l i m i t .  

S i n c e  t h e  U n i t e d  S t a t e s  is i n  t h e  f o r e f r o n t  o f  s u c h  t e c h n o l o g y ,  

h e  a p p r o a c h e d  USAID f o r  p o s s i b l e  a s s i s t a n c e .  The  O f f i c e  of 

R e i m b u r s a b l e  Deve lopment  P rog rams  (RDP) a g r e e d  t o  f i n a n c e  a 

f e a s i b i l i t y  s t u d y .  One o f  RDP's s t a t e d  p u r p o s e s  is t o  e n c o u r a g e  

f o r e i g n  i n v e s t m e n t  i n  or p u r c h a s e  o f  U .  S.  t e c h n o l o g y .  



R e s o u r c e s  Deve lopment  ~ s s o c i a t e s  ( R D A )  w a s  c h o s e n  t o  p e r f o r m  

t h e  s t u d y .  RDA i s  a n  acknowledged  l e a d e r  i n  t h e  f i e l d s  o f  remote 

s e n s i n g  t e c h n o l o g y  and  f i s h e r i e s  deve lopmen t .  A four -month  

c o n t r a c t  w a s  awarded  u n d e r  R D A ' s  I n d e f i n i t e  Q u a n t i t y  C o n t r a c t  f o r  

n a t u r a l  r e s o u r c e s  i n v e n t o r y  and  remote s e n s i n g  a s s i s t a n c e .  

2 .2  P r o j e c t  Goals and  O b j e c t i v e  

A s  s t a t e d  i n  t h e  S t a t e m e n t  o f  Work, t h e  p r i n c i p a l  o b j e c t i v e  

o f  t h i s  p r o j e c t  w a s  " t o  u n d e r t a k e  a s t u d y  t o  d e t e r m i n e  t h e  

f e a s i b i l i t y  and  cos ts  o f  a s u r v e i l l a n c e  and  m o n i t o r i n g  s y s t e m  

c o v e r i n g  t h e  h i g h  seas f i s h i n g  v e s s e l s  i n  t h e  e x t e n d e d  economic  

z o n e  o f  Papua  N e w  G u i n e a .  " 

T h r e e  s p e c i f i c  t a s k s  were o u t l i n e d  i n  t h e  S t a t e m e n t  o f  Work. 

The  r e q u i r e m e n t s  o f  e a c h  were a s  f o l l o w s :  

T a s k  I: Would c o n s i s t  o f  t h e  i n i t i a l  c o l l e c t i o n  a n d  
c o m p i l a t i o n  o f  p e r f o r m a n c e  d a t a  f o r  s e v e r a l  c a n d i d a t e  
s a t e l l i t e  a n d  a i r c r a f t  s y s t e m s .  C o m p a r a t i v e  e x a m p l e s  a n d  
d a t a  s a m p l e s  would b e  p r e p a r e d  t o  i l l u s t r a t e  t o  PNG 
o f f i c i a l s  t h e  p e r f o r m a n c e  p o t e n t i a l  a n d  l i m i t a t i o n s  o f  
a v a i l a b l e  a l t e r n a t i v e  s y s t e m s .  

Task  11: A team c o n s i s t i n g  o f  a s e n i o r  f i s h e r i e s  
s p e c i a l i s t ,  a s e n i o r  r e s o u r c e s  e c o n o m i s t ,  and  a s e n i o r  
r e s o u r c e s  a n a l y s t  w i l l  v i s i t  Papua  N e w  G u i n e a  t o  r e v i e w  PNG 
p l a n s  and  i n f o r m a t i o n  r e q u i r e m e n t s ,  e v a l u a t e  e x i s t i n g  
i n f r a s t r u c t u r e  and  s u p p o r t  r e s o u r c e s ,  and  d i s c u s s  p o s s i b l e  
a l t e r n a t i v e s  w i t h  PNG o f f i c i a l s .  Data s a m p l e s  a n d  e x a m p l e s  
would b e  p r e s e n t e d  and  d i s c u s s e d  i n  l i g h t  o f  c u r r e n t  a n d  
f o r e s e e a b l e  PNG p r o b l e m s  a n d  r e q u i r e m e n t s .  

T a s k  111: - -  On r e t u r n i n g  t o  t h e  U n i t e d  S t a t e s ,  t h e  team 
would complete c o l l e c t i o n  o f  any a d d i t i o n a l  d a t a  r e q u i r e d  
r e g a r d i n g  a l t e r n a t i v e  s y s t e m s ,  e s t a b l i s h  c o s t  a n d  d e l i v e r y  
c o n s t r a i n t s  f o r  e q u i p m e n t  o r  s p e c i a l - p u r p o s e  t r a n s p o n d e r s  
t h a t  may b e  r e q u i r e d ,  and  p r e p a r e  a d e t a i l e d  r e p o r t  w i t h  
i l l u s t r a t i v e  e x a m p l e s .  

The  RDA P r o j e c t  Team c o n s i s t e d  o f  M r .  R o b e r t  W .  Campbe l l ,  a 

s p e c i a l i s t  i n  s a t e l l i t e  t e c h n o l o g y  and r e s o u r c e  a s s e s s m e n t ,  

M r .  K e i t h  W .  Cox, a s p e c i a l i s t  i n  f i s h e r i e s  d e v e l o p m e n t  and  



f i s h i n g  t e c h n o l o g y ,  and  M r .  Kenneth  B. C r a i b ,  a  s p e c i a l i s t  i n  

remote s e n s i n g  and  r e s o u r c e  economics .  P r i o r  t o  t r a v e l i n g  t o  

PNG, t h e  team c o l l e c t e d  d a t a  o n  t h e  s t a t e - o f - t h e - a r t  o f  

r e c o n n a i s s a n c e  t e c h n o l o g y .  V a r i o u s  U.S . Government a g e n c i e s ,  

i n c l u d i n g  NASA, NOAA, and  t h e  USCG, and  commerc ia l  f i r m s  were 

v i s i t e d .  

The team t h e n  t r a v e l e d  t o  PNG where  s e v e r a l  e x t e n s i v e  

b r i e f i n g s  were h e l d  f o r  PNG o f f i c i a l s .  I n f o r m a t i o n  r e g a r d i n g  PNG 

c a p a b i l i t i e s  and  r e q u i r e m e n t s  was compi l ed  and  r e v i e w e d .  On 

l e a v i n g  PNG, t h e  team v i s i t e d  N e w  C a l e d o n i a  t o  c o n s u l t  w i t h  t h e  

S o u t h  P a c i f i c  Commission r e g a r d i n g  i t s  v iews  on  a  r e g i o n a l  

a p p r o a c h  t o  s u r v e i l l a n c e  and  m o n i t o r i n g  o f  h i g h  s e a s  f i s h i n g  

a c t i v i t y .  



3.0 THE FISHERIES OF PAPUA NEW G U I N E A  

Papua  N e w  G u i n e a ' s  d e c l a r a t i o n  o f  t h e  200-mi le  D e c l a r e d  

F i s h i n g  Zone ( F i g u r e  6 )  i n  March 1 9 7 8  i n c r e a s e d  i t s  j u r i s d i c t i o n  

by 750 ,000  s q u a r e  miles. S e v e r a l  w e l l - e s t a b l i s h e d  f i s h e r i e s  

o p e r a t e  w i t h i n  t h i s  a r e a ;  e . g . ,  t h e  J a p a n e s e  p u r s e  s e i n e ,  

l o n g l i n e ,  and  l o n g - d i s t a n c e  p o l e - a n d - l i n e  f i s h e r i e s ,  s m a l l  

T a i w a n e s e  l o n g l i n e s ,  and  t h e  PNG-based p o l e - a n d - l i n e  f i s h e r y .  

About  1 , 4 0 0  s p e c i e s  o f  f i s h  a r e  found  i n  Papua  N e w  Gu inea  

w a t e r s ,  a p p r o x i m a t e l y  5 , 0 0 0  s p e c i e s  o f  m o l l u s c s  and  a b o u t  t h e  

same number o f  c r u s t a c e a n s .  However, no  more t h a n  1 0 0  o f  t h e s e  

s p e c i e s  o f  f i s h ,  m o l l u s c s ,  and  c r u s t a c e a n s  a r e  c a u g h t  i n  any 

q u a n t i t y .  S k i p j a c k  ( K a t s u w o n i s  p e l a m i s )  and  y e l l o w  f i n  (Thunnus 

a l b a c a r a s )  t u n a  a r e  t h e  main  s p e c i e s  c a u g h t  i n  PNG w a t e r s  (see 

F i g u r e  7 )  . 
T h e r e  a r e  a  number o f  f i s h e r y  r e s o u r c e s  w i t h i n  t h e  Gulf  o f  

Papua .  A g r o w i n g  t r a w l  f i s h e r y  i s  s u p p o r t e d  by s t o c k s  o f  p e n a e i d  

p rawns  ( P e n a e u s  m e g u i e n s i s ,  monodon and  Metapenaeus  e n s i s ) ,  by 

t h e  a n n u a l  m i g r a t i o n  o f  t h e  t r o p i c a l  s p i n y  l o b s t e r  ( P a n u l i r u s  

o r n a t u s ) ,  a n d  by a n  i n c r e a s i n g  u t i l i z a t i o n  o f  t h e  a s s o c i a t e d  

" t r a s h  f i s h "  t a k e n  by t h e  prawn t r a w l e r s .  The p r i n c i p a l  i n l a n d  

f r e s h  w a t e r  r e s o u r c e s  i n c l u d e  t h e  ba r r amund i  ( L a t e s  c a l c a r i f e r ) ,  

wh ich  u n d e r g o e s  a  s e a s o n a l  m i g r a t i o n  f rom i n l a n d  t o  c o a s t a l  

w a t e r s  a n d  T i l a p i a  s s p .  T i l a p i a  h a s  a  s h o r t  h i s t o r y  i n  Papua  N e w  

Guinea .  Only  r e c e n t l y  i n t r o d u c e d  i n  t h e  S e p i k  R i v e r  s y s t e m ,  i t  

i s  r a p i d l y  a s suming  i m p o r t a n c e  a s  i t  s p r e a d s  and e s t a b l i s h e s  i t s  

dominance  i n  many o f  t h e  f r e s h  w a t e r  s y s t e m s .  A p o t e n t i a l  

d o m e s t i c  c o n s u m p t i o n  o f  20 ,000  - 30,000  t o n s  o f  ~ i l a p i a  may 

e x i s t ,  which  would make i t  i n c r e a s i n g l y  s i g n i f i c a n t  i n  t h e  l o c a l  

economy . 
A p p r o x i m a t e l y  70% o f  t h e  w o r l d  t u n a  h a r v e s t  i s  t a k e n  f rom 

t h e  P a c i f i c  Ocean;  20% f rom t h e  A t l a n t i c  Ocean  and  1 0 %  f rom t h e  

I n d i a n  o c e a n .  Whi l e  t h e  f u l l  e x t e n t  o f  t h e  t u n a  s t o c k s  i n  t h e  

w e s t e r n  P a c i f i c  h a s  y e t  t o  b e  p r o p e r l y  a s s e s s e d ,  e x p e r t s  a g r e e  

t h a t  t h e  w e s t e r n  P a c i f i c  h a s  t h e  l a r g e s t  t u n a  r e s o u r c e s  i n  t h e  

w o r l d .  F o r t y - f i v e  p e r c e n t  o f  t h e  w o r l d  t u n a  h a r v e s t  i s  t a k e n  from 
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Figure 7: TUNA AND RAIT FISHING AREAS USED BY THE PNG DOMESTIC FISHERY, 1978 



t h i s  area, twice a s  much a s  i s  t a k e n  f rom t h e  e a s t e r n  P a c i f i c ,  

and  f o u r  t i m e s  a s  much a s  i s  t a k e n  f rom t h e  e n t i r e  A t l a n t i c .  

P r o d u c t i o n  f rom t h e  e a s t e r n  P a c i f i c  and A t l a n t i c  is u n l i k e l y  

t o  i n c r e a s e .  However, a s  t h e  w e s t e r n  p a c i f i c  s t o c k s  a r e  n o t  

b e i n g  f u l l y  u t i l i z e d ,  i t  is b e l i e v e d  t h a t  p r o d u c t i o n  c a n  b e  

i n c r e a s e d  s u b s t a n t i a l l y ,  p e r h a p s  e v e n  d o u b l e d  t o  some 800 ,000  

t o n s  o r  more a y e a r .  

W i t h i n  PNG's 200-mi le  f i s h e r i e s  zone ,  a s  much as  1 0 0 , 0 0 0  

t o n s  o f  t u n a  h a s  b e e n  h a r v e s t e d  i n  a  y e a r ' s  t i m e .  I n  t h e  u n i t e d  

S t a t e s '  t u n a  m a r k e t ,  t h i s  raw t o n n a g e  h a s  a  v a l u e  o f  US $100 

m i l l i o n ;  f u l l y  p r o c e s s e d  as  canned  t u n a ,  i t  would b e  w o r t h  

a p p r o x i m a t e l y  US $250 m i l l i o n .  

3 . 1  PNG Tuna  F i s h e r y  

I n d u s t r i a l  d e v e l o p m e n t  o f  t h e  Papua  N e w  Gu inea  s k i p j a c k  t u n a  

r e s o u r c e  s t a r t e d  i n  1 9 7 0  a n d  h a s  expanded  t o  t h e  e x t e n t  t h a t  PNG 

is now t h e  w o r l d ' s  t h i r d  l a r g e s t  p r o d u c e r  o f  s k i p j a c k  t u n a .  

E s t i m a t e d  a n n u a l  p r o d u c t i o n  by t h e  PNG f l e e t  i s  i n  t h e  v i c i n i t y  

o f  40 ,000  t o n s  and  p r e d i c t i o n s  are  t h a t  t h e s e  c a t c h e s  may 

a p p r o a c h  8 0 , 0 0 0  t o  1 0 0 , 0 0 0  t o n s  p e r  y e a r  i n  t h e  n e a r  f u t u r e .  An 

a d d i t i o n a l  40 ,000  t o  60 ,000  t o n s  a r e  now t a k e n  a n n u a l l y  by 

f o r e i g n  v e s s e l s .  

To f o s t e r  t h e  d e v e l o p m e n t  o f  m a j o r  t u n a  f i s h i n g  and  

p r o c e s s i n g  i n d u s t r i e s  i n  Papua  N e w  G u i n e a ,  a  ser ies o f  a g r e e m e n t s  

were r e a c h e d  be tween  t h e  Governments  o f  Papua N e w  Gu inea ,  

A u s t r a l i a ,  and  J a p a n .  The a g r e e m e n t s  p r o v i d e d  f o r  t h e  J a p a n e s e  

Government  t o  c o o p e r a t e  w i t h  a n d ,  whe re  p o s s i b l e ,  a s s i s t  Papua  

N e w  G u i n e a  i n  t h e  d e v e l o p m e n t  o f  t u n a  r e s o u r c e s  i n  a d j a c e n t  

w a t e r s .  The a g r e e m e n t s  a l s o  p r o v i d e  f o r  t h e  s h a r i n g  o f  r e s e a r c h  

and  s u r v e y  i n f o r m a t i o n ,  c o n s e r v a t i o n  o f  t h e  r e s o u r c e s ,  t h e  u s e  o f  

s p e c i f i e d  Papua  N e w  G u i n e a  p o r t s  by J a p a n e s e  t u n a  b o a t s ,  t h e  

p r o c e s s i n g  o f  t u n a  i n  Papua  N e w  G u i n e a ,  p r o v i s i o n  o f  t e c h n i c a l  

a s s i s t a n c e  t o  t h e  Papua  N e w  G u i n e a  f i s h i n g  i n d u s t r y  f o r  



p r o g r e s s i v e  i n c r e a s e s  i n  l o c a l  p r o c e s s i n g  o f  p r o d u c t s ,  and t h e  

c o n v e r s i o n  of  f i s h i n g  f l e e t s  t o  t h e  Papua  N e w  Gu inea  f l a g .  T h e r e  

were a l s o  p r o v i s i o n s  f o r  employ ing  and  t r a i n i n g  o f  Papua N e w  

G u i n e a  f i s h e r m e n  and f i s h e r y  w o r k e r s .  L o c a l  e q u i t y  p a r t i c i p a t i o n  

o f  20% o r  more was a l s o  d e s i r e d .  

I n i t i a l l y ,  f o u r  compan ie s  began  o p e r a t i o n s  f rom f r e e z e r  

m o t h e r  s h i p s  i n  t h e  Kavieng ,  N e w  I r e l a n d ,  Rabau l ,  E a s t  N e w  

B r i t a i n ,  and  Madang a r e a s .  Due t o  d i f f i c u l t i e s  o v e r  b a i t  l i c e n s e  

p r i v i l e g e s ,  t h e  l a t t e r  o p e r a t i o n  was t e m p o r a r i l y  suspended  i n  

A u g u s t  1975 .  S h o r e  f a c i l i t i e s  a t  Rabaul  i n c l u d e d  a  1 5 - t o n  p e r  

d a y  ice p l a n t  and 300- ton  c a p a c i t y  c o l d  s t o r a g e  p l a n t .  An 

a r i b u s h i  ( smok ing )  p l a n t  a t  Kavieng  employed a b o u t  60 l o c a l  

l a b o r e r s  and p r o c e s s e d  a b o u t  7  t o n s  o f  h e a d e d / g u t t e d  s k i p j a c k  

e v e r y  24 h o u r s .  However, a l t h o u g h  p r o t r a c t e d  n e g o t i a t i o n s  were 

h e l d  be tween  t h e  Government  and  a  c o n s o r t i u m  o f  t h e  f o u r  j o i n t  

v e n t u r e  companies ,  l o c a l  employment o p p o r t u n i t i e s  f a i l e d  to  

e x p a n d ,  and a s  a  r e s u l t ,  t h e  Government  l e v i e d  a  5 %  e x p o r t  f e e  o n  

t h e  £ . % > , b e  p r i c e  of  a l l  u n p r o c e s s e d  t u n a  s h i p m e n t s  f rom t h e  

c o u n t r ;  . 

3.1.1 L i v e  B a i t  -- 

The abundance  a n d  p r o x i m i t y  o f  l i v e  b a i t  t o  t h e  s k i p j a c k  

f i s h i n g  g r o u n d s  h a s  c o n s i d e r a b l e  b e a r i n g  o n  t h e  c a t c h  p e r  u n i t  o f  

e f f o r t  f o r  t u n a .  E x c l u s i v e  r i g h t s  t o  b a i t i n g  g r o u n d s  were 

i n i t i a l l y  g r a n t e d  by t h e  Government  o f  PNG t o  t h e  t u n a  v e s s e l  

o p e r a t o r s ,  b u t  s i n c e  t h e  i n d i g e n o u s  p e o p l e  h a v e  had t r a d i t i o n a l  

f i s h i n g  r i g h t s ,  t h e r e  was a  c o n f l i c t  o f  i n t e r e s t .  T h i s  was 

r e s o l v e d  by t h e  l e v y i n g  o f  a  2.5% f e e  o n  t h e  f .0 .b .  v a l u e  o f  

t u n a  e x p o r t s .   his is  now d i s t r i b u t e d  t o  t h e  i n d i g e n o u s  h o l d e r s  

o f  t h e  t r a d i t i o n a l  f i s h i n g  r i g h t s .  



3.1.2 PNGTuna C a t c h  -- 

The t o t a l  PNG t u n a  c a t c h  h a s  c o n t i n u e d  t o  expand  s i n c e  1 9 7 2  

( T a b l e  3 ) .  By 1 9 7 8  ( l a t e s t  y e a r  f o r  c o m p l e t e  f i g u r e s ) ,  t h e  c a t c h  

r e a c h e d  48 ,933  t o n s ,  t h e  h i g h e s t  s i n c e  t h e  f i s h e r y  was 

e s t a b l i s h e d  i n  1 9 7 0 ,  w i t h  a n  e x p o r t  v a l u e  o f  a b o u t  1 9  m i l l i o n  

k i n a  (US $27 m i l l i o n ) .  Most ( 9 3 . 5 % )  o f  t h i s  c a t c h  was composed 

o f  s k i p j a c k  w i t h  6 %  y e l l o w f i n  and  0 .5% o t h e r  t u n a s .  A r e c o r d  

762,800 b u c k e t s  o f  b a i t f i s h  ( e q u i v a l e n t  t o  a b o u t  1 , 9 0 0  t o n s )  were 

c a u g h t  d u r i n g  t h i s  1 9 7 8  s e a s o n .  D e t a i l e d  c a t c h  f i g u r e s  f o r  

f o r e i g n  f l a g  v e s s e l s  f i s h i n g  u n d e r  l i c e n s e  a r e  n o t  a v a i l a b l e .  A s  

n o t e d  e a r l i e r ,  t h e  f o r e i g n  c a t c h  is l a r g e r  t h a n  t h e  c u r r e n t  PNG 

c a t c h .  The 1 9 7 8  PNG l a n d i n g s  were o v e r  d o u b l e  t h e s e  l a n d e d  i n  

1 9 7 7  ( 2 4 , 4 1 1  t o n s ) ,  a n d  h i g h r  t h a n  t h e  p r e v i o u s  r e c o r d  i n  1974  

( 4 1 , 7 8 0  t o n s ) .  However, e c o n o m i c a l l y ,  1 9 7 8  was  n o t  a  good y e a r  

s i n c e  t h e  p r i c e  o f  s k i p j a c k  d r o p p e d  t o  a b o u t  K430.00 a  t o n ,  f rom 

t h e  r e c o r d  h i g h  o f  K680.00 i n  S e p t e m b e r  1 9 7 7 .  

The  a v e r a g e  a n n u a l  CPUE ( c a t c h  p e r  u n i t  o f  e f f o r t )  a t  4.9 

metric t o n s  p e r  b o a t  f i s h i n g  d a y  d u r i n g  1 9 7 8  was  t h e  h i g h e s t  y e t  

r e c o r d e d  ( T a b l e  4 ) .  However, t h e  c a t c h  p e r  b u c k e t  o f  b a i t  was 

o n l y  64 .1  kg .  E q u a l  o r  b e t t e r  r e s u l t s ,  t h e  l a t t e r  i n d i c a t i n g  

b e t t e r  u s e  o f  b a i t f i s h  s t o c k s ,  had b e e n  o b t a i n e d  i n  f o u r  o u t  o f  

s e v e n  p r e v i o u s  y e a r s ,  when t o t a l  c a t c h e s  o f  b o t h  t u n a  and  b a i t  

were lower. 

A t  t h e  t i m e  o f  t h i s  w r i t i n g ,  c o m p l e t e  c a t c h  d a t a  f o r  1 9 7 9  

were n o t  a v a i l a b l e .  I n d i c a t i o n s  t o  d a t e  a r e  t h a t  t h e  1 9 7 9  c a t c h  

w i l l  b e  p o o r ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  1 9 7 8  s e a s o n  (see 

T a b l e  5 ) .  T o t a l  t u n a  c a t c h e s  f o r  t h e  f i r s t  e i g h t  mon ths  o f  1979  

were 22,434 t o n s ;  t h e  d e c l i n e  i n d i c a t e s  t h a t  t h e  t o t a l  a n n u a l  

c a t c h  w i l l  p r o b a b l y  b e  below 29 ,000  t o n s .  B a i t  c a t c h e s  t o  t h e  

e n d  o f  A u g u s t  were a l s o  c o m p a r a t i v e l y  p o o r ,  a t  380 ,800  b u c k e t s ,  

compared t o  457 ,000  a t  t h e  same t i m e  l a s t  y e a r .  Over  t h e  f i r s t  

s i x  months  o f  t h e  y e a r ,  t h e  s k i p j a c k  p r o p o r t i o n  o f  t h e  c a t c h  was 

down t o  90 .5%,  y e l l o w f  i n  u p  t o  9 .4% a n d  o t h e r  t u n a s  m a i n t a i n e d  a  

0 .1% p r o p o r t i o n  o f  t h e  t o t a l  c a t c h .  



Tota l  tuna 
catch (MT) 17,003 13,124 28,332 41,780 17,398 33,015 24.41 1 48,933 

No. o f  f i s h i n g  
days 4,060 4,915 7,719 9,408 6,435 7,901 9,736 9,941 

T o t a l  b a i t  
ca tch  (1000 's  
buckets) 224.4 330.4 456.0 518.1 379.0 392.3 750.5 762.8 

Bait  CPUE (1 

(buckets) 55.2 67.2 59.1 55.1 58.9 49.7 72 .5 .  72.6 

Tuna CPllE (2 
(M.T.)  4.2 2.7 3.7 4.5 2.7 4.2 2 .5  4.9 

Tuna catch  per 
bucket o f  b a i t  
(kg) 75.8' 39.7 62.1 80.6 45.9 84.2 32.5 64.1 

(1) C a t c h  p e r  b o a t  f i s h i n g  n i g h t  

( 2 )  C a t c h  p e r  boat f i s h i n g  day 

1 b u c k e t  = 2 - 5  kg of b a i t  on ave r age  

- * 
Tab le  3: SUMMARY O F  ANNUAL TUNA AND B A I T F I S H  CATCH AND E F F O R T  



Area* Number o f  Ba i t  Catch B a i t  CPUE Tuna Catch Tuna CPUE 
F i s h i n g  (1000's buckets) (buckets/  ( tonnes) (tonnes/ 

Night/Day boat n i g h t )  boat day) 

Manus (1 
407/391 2 7 6 7 1,222 3.1 

Kavieng (2 > 
6490/6144 506 7 8 31,580 . 5.1 

Eastern .Bismarck '3) 3)04/3 125 208 6 3 14,786 4.7 

Southern Bismarck - - - - - 
Solomon Sea (4 11 1/105 

9 7 7 719 - 6.9 

Cora l  Sea (5) 161/150 11 67 544 3. 6 

* M a i n  b a i t i n g  grounds: 

1. Seeadler  H a r b o u r  

2 .  ~ s a b e l  P a s s ,  T h r e e - I s l a n d s  H a r b o u r ,  

S i l v e r  Sound. 

3 .  C a p e  L a m b e r t  

4 .  G a s m a t a ,  A r a w e  Is, 

5. C h e s h u n t  Bay 

Table 4 :  SUMMARY CATCH AND E F F O R T  DATA FOR T H E  PNG 
DOMESTIC-BASED F I S H E R Y  BY F I S H I N G  GROUNDS, 1978  



Month Number of  Number o f  .Ba i t  Catch Tota l  Tuna Tuna catch per 
c a t c h e r -  F i  shing (1000's Catch boat f i s h i n g  

boat Days buckets) (tonnes) day (tonnes) 

1978 

Jan. 9 

Feb. 5 

Mar. 

Apr. 

Hay 

June 

J u l y  

Aug . 
Sept . 
Oct . 
Nov . 
Dec. 

1978 Tota l :  

1379 

Jan. 13 

Feb. 12 

Mar. 2  7 

Apr . 4 1  

May 4 1 

June 4  1  

J u l y  40 

Aug . 3 9 

Sep t . 
Oct. 

Nov . 
Dec . 

1979 To ta l :  

Table 5: MONTHLY CATCH STATISTICS S U W R Y  FOR THE PNG DOMESTIC- 
BASED TUNA FISHERY FOR 1978 AND 1979 

(1979 Preliminary) 



The  r e l a t i o n s h i p  b e t w e e n  1 9 7 8  and  1 9 7 9  l a n d i n g s  is  s imi l a r  

t o  t h a t  i n  1974/75 .  I n  b o t h  cases, e x c e p t i o n a l  c a t c h e s  d u r i n g  

t h e  f i r s t  y e a r  were f o l l o w e d  by a y e a r  o f  r e l a t i v e l y  p o o r  

l a n d i n g s .  A c l ea r  p a t t e r n  o f  a l t e r n a t i n g  good and  p o o r  y e a r s  

seems t o  h a v e  become e s t a b l i s h e d  d u r i n g  t h e  s i x  y e a r s  s i n c e  1 9 7 6 ;  

i . e . ,  1974/75 ,  1976 /77 ,  1978/79 .  

I t  is e q u a l l y  c l ea r  t h a t  t h e  p r e s e n t  l a c k  o f  i n f o r m a t i o n  

c o n c e r n i n g  g r o w t h  and  m i g r a t i o n  o f  t h e s e  s t o c k s  i s  a s i g n i f i c a n t  

f ac to r  a f f e c t i n g  d e v e l o p m e n t  p l a n n i n g  i n  Papua  N e w  G u i n e a  and  t h e  

e n t i r e  w e s t e r n  P a c i f i c .  D u r i n g  t h e  p e r i o d  o f  v e r y  p o o r  c a t c h e s  

i n  PNG waters i n  O c t o b e r  and  November 1 9 7 9 ,  t h e  Solomon I s l a n d s '  

f i s h e r y  w a s  e x p e r i e n c i n g  e x c e p t i o n a l  l a n d i n g s  o f  t u n a ;  CPUE's i n  

e x c e s s  o f  1 0  t o n s  were common compared  t o  1 t o  2 t o n s  i n  PNG. 

T h e  S e p t e m b e r  t o  November p e r i o d  i n  1 9 7 9  was c h a r a c t e r i z e d  by a n  

a b u n d a n c e  o f  l a r g e  y e l l o w f i n  i n  PNG waters (30-50 k g ) ,  which  a re  

too l a r g e  t o  b e  e x p l o i t e d  by t h e  p o l e - a n d - l i n e  f i s h e r y ,  a 

s i t u a t i o n  s imi l a r  t o  t h a t  p r e v a i l i n g  d u r i n g  t h e  same p e r i o d  i n  

1 9 7 7 ,  t hough  n o t  i n  1 9 7 8 .  

U n t i l  1 9 7 6 ,  t h e  r e l a t i o n s h i p  b e t w e e n  b a i t  c a t c h  and  e f f o r t  

was a l i n e a r  o n e ,  showing  a r e m a r k a b l y  s m a l l  d e v i a t i o n  f rom t h e  

l i n e  f rom y e a r  t o  y e a r .  However i n  1 9 7 7  a n d  1 9 7 8 ,  c a t c h e s  were 

a b o u t  50% a b o v e  t h e  p r e v i o u s  maximum y i e l d  ( i n  1 9 7 4 )  w i t h  v e r y  

l i t t l e  i n c r e a s e  i n  e f f o r t .  T h i s  i n c r e a s e  i n  o v e r a l l  b a i t  CPUE 

a p p e a r s  t o  h a v e  b e e n  d u e  l a r g e l y  t o  i n c r e a s e d  u s e  o f  t h e  Y s a b e l  

P a s s a g e / S i l v e r  Sound /Three  I s l a n d s  H a r b o u r  b a i t i n g  areas. T h e s e  

g r o u n d s  c a n  a p p a r e n t l y  s u s t a i n  f a i r l y  i n t e n s i v e  f i s h i n g  p r e s s u r e .  

A l t h o u g h  m o s t  o f  t h e  b a i t f  i s h  c a t c h  now comes f rom t h e  Y s a b e l  

P a s s a g e / S i l v e r  Sound areas, t h e  g r a d u a l  open ing -up  o f  new b a i t  

f i s h i n g  g r o u n d s  s h o u l d ,  i n  t h e  f u t u r e ,  r e s u l t  i n  a more e q u i t a b l e  

s p r e a d  o f  b o t h  b a i t  and  t u n a  f i s h i n g  p r e s s u r e .  

Tuna  c a t c h e s  c o n t i n u e  t o  show a l i n e a r  r e l a t i o n s h i p  w i t h  

e f f o r t  ( a l t h o u g h  less c o n s i s t e n t l y  so t h a n  b a i t )  i n d i c a t i n g  

u n d e r - e x p l o i t a t i o n  a t  p r e s e n t .  However,  t h e  g r e a t  y e a r - t o - y e a r  

v a r i a t i o n  i n  t u n a  c a t c h ,  e v e n  u n d e r  s i m i l a r  c o n d i t i o n s  o f  e f f o r t  

a n d  b a i t f i s h  a v a i l a b i l i t y ,  c o u p l e d  w i t h  t h e  c a t c h / e f f o r t  



r e l a t i o n s h i p  and  r e l a t i v e  y o u t h  o f  t h e  f i s h e r y ,  make a t t e m p t s  a t  

maximum (o r  opt imum) y i e l d  m o d e l l i n g  d i f f i c u l t  a t  t h i s  t i m e .  

D u r i n g  good f i s h i n g  y e a r s ,  i t  s h o u l d  c l e a r l y  be p o s s i b l e  t o  l a n d  

f a r  more t u n a  t h a n  is  p r e s e n t l y  t h e  case, p r o v i d e d  t h a t  t h e  

s i t u a t i o n  r e g a r d i n g  b a i t f i s h  s t o c k s  c o n t i n u e s .  I n  1978 ,  major 

r e s t r a i n t s  o n  t u n a  c a t c h  were p r i m a r i l y  t h e  l a c k  o f  b r i n e  

f r e e z i n g  c a p a c i t y  o n  b o a r d  m o t h e r s h i p s  a n d ,  s e c o n d l y ,  too few 

c a t c h e r - b o a t s  t o  make u s e  o f  t h e  a v a i l a b l e  b a i t  and t u n a  

r e s o u r c e s .  

The o c c u r r e n c e  o f  p o o r  t u n a  f i s h i n g  y e a r s  may p u t  a 

r e s t r a i n t  o n  t h e  e x p a n s i o n  o f  t h e  PNG t u n a  f l e e t .  The  y e a r  1978  

was a n  e x c e p t i o n a l l y  good o n e  f o r  s k i p j a c k  c a t c h e s  wor ld-wide ,  

r e s u l t i n g  i n  d e p r e s s e d  p r i c e s  a n d ,  c o n s e q u e n t l y ,  a f i n a n c i a l l y  

p o o r  y e a r  f o r  t h e  f i s h i n g  compan ie s .  T h i s  p r e s e n t e d  a major 

p r o b l e m  f o r  PNG a t  t h e  t i m e  a s  i t  a p p e a r e d  t o  b e  n o t  w h e t h e r  i ts  

f l e e t  s h o u l d  expand  and  improve  i ts  t o t a l  c a t c h e s ,  b u t  w h e t h e r  i t  

w a s  e c o n o m i c a l l y  p o s s i b l e  t o  d o  s o .  Worldwide demand f o r  t u n a  

h a s  d o u b l e d  d u r i n g  t h e  p a s t  t e n  y e a r s  and  t h e  c u r r e n t  a c c e l e r a t e d  

demand i n d i c a t e s  t h i s  t r e n d  w i l l  c o n t i n u e .  The a v a i l a b l e  s t o c k s  

o f  t h e  e a s t e r n  P a c i f i c  and  A t l a n t i c  are ,  f o r  t h e  most p a r t ,  b e i n g  

f u l l y  u t i l i z e d ;  t h e r e f o r e ,  t h e  i n c r e a s e d  w o r l d  demand f o r  t u n a  

w i l l  c a u s e  a c o n t i n u i n g  upward movement i n  f i s h  p r i c e s .  D i s t a n t  

water f i s h i n g  n a t i o n s  a n d  l a r g e  t u n a  p r o c e s s i n g  c o m p a n i e s  a re  

l o o k i n g  t o  t h e  u n d e v e l o p e d ,  r i c h  f i s h i n g  a r e a s  i n  t h e  w e s t e r n  

P a c i f i c  a s  a new s o u r c e  o f  t u n a  t o  m e e t  t h e  w o r l d ' s  g rowing  

demand f o r  t u n a .  The  movement a n d  g r o w t h  o f  t h e s e  t u n a  s t o c k s  

a re  n o t  s u f f i c i e n t l y  w e l l  u n d e r s t o o d  a t  t h i s  t i m e .  A f i s h e r i e s  

s u r v e i l l a n c e  and  m o n i t o r i n g  program t h a t  would a l so  co l l ec t  d a t a  

t o  s u p p o r t  r e s e a r c h  i n  t h e s e  a r e a s  would seem p a r t i c u l a r l y  

a p p r o p r i a t e  a t  t h i s  t i m e .  



3 .2  F o r e i g n - B a s e d  F i s h e r y  V e s s e l s  

I n  1 9 7 8 ,  3 0 8  J a p a n e s e  f i s h i n g  v e s s e l s  were g r a n t e d  l i c e n s e s  

t o  f i s h  w i t h i n  PNG's 2 0 0 - m i l e  DFZ. Of t h e s e ,  11 were p u r s e  

s e i n e r s ,  274  l o n g l i n e r s  a n d  2 3  l o n g - r a n g e  p o l e - a n d - l i n e  v e s s e l s .  

One U.S. p u r s e  s e i n e r  a p p l i e d  f o r  a n d  was g r a n t e d  a l i c e n s e .  

A l s o ,  a n  unknown number o f  ( u n l i c e n s e d )  T a i w a n e s e  b o a t s  o p e r a t e d  

i n  t h e  DFZ. E s t i m a t e d  c a t c h e s  f o r  p u r s e  s e i n e r s  a n d  l o n g l i n e r s  

were 3 , 5 0 0  a n d  9 , 0 0 0  t o n s  r e s p e c t i v e l y .  J a p a n e s e  p o l e - a n d - l i n e  

v e s s e l s  d i d  n o t  f i s h  t h e  DFZ a n d  est imates f o r  t h e  T a i w a n e s e  

c a t c h  a r e  u n a v a i l a b l e .  F o r e i g n  t u n a  v e s s e l s  b a s e d  i n  PNG 

h a r v e s t e d  n e a r l y  50 ,000  t o n s  o f  s k i p j a c k  i n  1 9 7 8 ,  b u t  PNG 

r e c e i v e d  o n l y  a s m a l l  p e r c e n t a g e  o f  t h e  f u l l  v a l u e  of t h i s  c a t c h .  

I n  J a n u a r y  1 9 7 9 ,  t h e  Japan-PNG F i s h e r y  Agreemen t  l a p s e d .  

However,  a s  a  r e s u l t  o f  j o i n t  t a l k s  b e t w e e n  t h e  PNG Government  

a n d  J a p a n e s e  f i s h i n g  i n d u s t r y  r e p r e s e n t a t i v e s ,  a new a g r e e m e n t  

was e s t a b l i s h e d  i n  J u l y  1 9 7 9 .  Up t o  November 1 9 7 9 ,  a t o t a l  o f  5 6  

J a p a n e s e  f i s h i n g  v e s s e l s  were g r a n t e d  l i c e n s e s  t o  f i s h  w i t h i n  

PNG's DFZ: 1 2  p u r s e  s e i n e r s ,  4 3  l o n g l i n e r s ,  a n d  1 p o l e - a n d - l i n e  

v e s s e l .  T h r e e  U . S .  p u r s e  s e i n e r s  were a l so  g r a n t e d  f i s h i n g  

l i c e n s e s  d u r i n g  1 9 7 9 .  

3 . 3  R e g i o n a l  F i s h e r i e s  Management 

P a p u a  N e w  G u i n e a ,  i n  c o o p e r a t i o n  w i t h  t e n  members o f  t h e  

S o u t h  P a c i f i c  Commiss ion ,  h a s  f o rmed  a  f i s h e r i e s  o r g a n i z a t i o n  

known a s  t h e  S o u t h  P a c i f i c  Forum F i s h e r i e s  Agency.  The  p r i m a r y  

o b j e c t i v e s  o f  t h i s  o r g a n i z a t i o n  a r e  t o  a s s i s t  member s t a t e s  t o  

c o o r d i n a t e  a n d  h a r m o n i z e  p o l i c y  o f  t h e  Law o f  t h e  Sea so a s  t o  

e n s u r e  t h e  maximum b e n e f i t s  f o r  t h e  p e o p l e  a n d  t h e  r e g i o n  a s  a 

w h o l e ,  a n d  t o  f a c i l i t a t e ,  p r o m o t e  a n d  c o o r d i n a t e  c o o p e r a t i o n  a n d  

m u t u a l  f i s h e r i e s  a s s i s t a n c e  among coas ta l  s t a t e s  i n  t h e  r e g i o n .  

PNG a n d  t h e  S o u t h  P a c i f i c  Commiss ion  a l s o  s u p p o r t  t h e  c o n c e p t  o f  

c r e a t i n g  a s e c o n d  l a r g e r  body ,  " c o m p r i s e d  o f  coasta l  S t a t e s  who 

s h a r e  t h e  s t o c k s  a n d  t h e  d i s t a n t - w a t e r  f i s h i n g  n a t i o n s  who may 



n o t  s h a r e  t h e i r  j u r i s d i c t i o n ,  b u t  f i s h  them." T h i s  s e c o n d  

o r g a n i z a t i o n  w i l l  c o n d u c t  r e s e a r c h  s t u d i e s ,  p r o v i d e  t e c h n i c a l  

a d v i c e  a n d  a s s i s t a n c e ,  p r o p o s e  c o n s e r v a t i o n  m e a s u r e s ,  and  

c o o r d i n a t e  l i c e n s i n g  a n d  s u r v e i l l a n c e  a r r a n g e m e n t s .  Member 

n a t i o n s  who claim t h e i r  s o v e r e i g n  r i g h t  t o  e x p l o r e ,  e x p l o i t ,  

c o n s e r v e ,  and  manage t h e  l i v i n g  r e s o u r c e s ,  i n c l u d i n g  h i g h l y  

m i g r a t o r y  s p e c i e s ,  i n  t h e i r  200 -mi l e  z o n e s  w i l l  b e  r e q u i r e d  to  g o  

o n  r e c o r d  w i t h  t h e  o r g a n i z a t i o n  t o  t h i s  e f f e c t .  

R e c e n t  r e s e a r c h  i n d i c a t e s  t h e r e  a r e  a t  l e a s t  f i v e  

s u b - p o p u l a t i o n s  o f  s k i p j a c k  o c c u r i n g  a c r o s s  t h e  P a c i f i c ,  e a c h  o f  

wh ich  w i l l  p r o b a b l y  h a v e  t o  b e  managed a s  a s e p a r a t e  f i s h e r y .  

The  r e s e a r c h  o r g a n i z a t i o n  would a s s i s t  t h e  coasta l  n a t i o n s  i n  

t h e i r  d e t e r m i n a t i o n  o f  how much f i s h i n g  s h o u l d  b e  p e r m i t t e d  e a c h  

y e a r  t o  b e s t  s e r v e  r e g i o n a l  o b j e c t i v e s ,  and  how t h e  t o t a l  c a t c h  

q u o t a  f o r  e a c h  s t o c k  p l a c e d  u n d e r  r e g u l a t i o n  s h o u l d  b e  a l l o c a t e d  

b e t w e e n  t h e  coastal  n a t i o n s  i n  whose waters t h e  p a r t i c u l a r  s t o c k s  

o c c u r .  

I n  1 9 8 0 ,  o f f i c i a l s  o f  t h e  S o u t h  P a c i f i c  Forum F i s h e r i e s  

Agency w i l l  meet t o  d i s c u s s  t h e  p r i n c i p l e s  u n d e r  wh ich  t h e y  w i s h  

t o  see s u c h  a l a r g e r  o r g a n i z a t i o n  formed.  When c o n c e n s u s  o n  

t h e s e  p r i n c i p l e s  h a s  b e e n  a g r e e d ,  t h e  Agency w i l l  c o n s i d e r  

i s s u i n g  a n  i n v i t a t i o n ,  p r o b a b l y  t o w a r d  t h e  l a t t e r  p a r t  o f  1 9 8 0 ,  

t o  i n t e r e s t e d  s t a t e s  t o  meet t o  d i s c u s s  t h e  f o r m a t i o n  o f  t h i s  

o r g a n i z a t i o n .  

3 .3 .1  PNG F i s h e r i e s  Management 

Management o f  f i s h e r i e s  r e s o u r c e s  is a b a s i c  p rob lem 

e n c o u n t e r e d  by most d e v e l o p i n g  c o u n t r i e s .  Papua  N e w  G u i n e a  and  

o t h e r  member n a t i o n s  o f  t h e  S o u t h  P a c i f i c  Commission h o l d  

s t r o n g l y  t o  t h e  c o n c e p t  t h a t  coasta l  s t a t e s  h a v e  t h e  s o v e r e i g n  

r i g h t  t o  manage t h e  s t o c k s  wh ich  o c c u r  w i t h i n  t h e i r  f i s h e r i e s  

z o n e s .  



The 200-mile  f i s h e r i e s  zone  came a b o u t  l a r g e l y  t h r o u g h  t h e  

e f f o r t s  o f  S o u t h  American c o u n t r i e s  u n i l a t e r a l l y  d e c l a r i n g  

200-mi le  z o n e s  i n  t h e  e a s t e r n  P a c i f i c  which  were b e i n g  

i n t e n s i v e l y  f i s h e d  by d i s t a n t - w a t e r  f i s h i n g  n a t i o n s .  The Law o f  

t h e  S e a  C o n f e r e n c e  l a t e r  c o n f i r m e d  t h e  c o n c e p t  o f  200-mile  

e x c l u s i v e  economic  zones .  c his was d o n e  p r i m a r i l y  t o  i n s u r e  t h a t  

d e v e l o p i n g  n a t i o n s ,  r a t h e r  t h a n  t h e  l a r g e r  more d e v e l o p e d  f i s h i n g  

n a t i o n s ,  would b e  a b l e  t o  g a i n  r e a l  b e n e f i t s  f rom t h e i r  f i s h e r i e s  

r e s o u r c e s  a s  w e l l  a s  t o  i n s u r e  t h e  p r o p e r  c o n s e r v a t i o n  and  

management o f  t h e  f i s h e r i e s  s t o c k s .  

Tunas  a r e  a  h i g h l y  m i g r a t o r y  s p e c i e s  t h a t  know n o  p o l i t i c a l  

b o u n d a r i e s  and  move f rom o n e  n a t i o n ' s  z o n e  t o  a n o t h e r .  Papua N e w  

Gu inea  r e c o g n i z e s  t h e  need  f o r  c o o p e r a t i o n  w i t h  o t h e r  n a t i o n s  

s h a r i n g  s t o c k s  o f  t u n a  or o t h e r  s p e c i e s  i n  t h e i r  c o n s e r v a t i o n  and  

management. PNG b e l i e v e s  t h a t  d i s t a n t - w a t e r  f i s h i n g  n a t i o n s  t h a t  

d o  n o t  s h a r e  s t o c k s  w i t h  a n o t h e r  n a t i o n  or n a t i o n s  s h o u l d  have  no  

r i g h t  t o  make d e c i s i o n s  a b o u t  t h e  management o f  t h e s e  s t o c k s .  

However, t h o s e  n a t i o n s  w i t h  d i s t a n t  w a t e r  f l e e t s  c o u l d  b e  i n v i t e d  

t o  p a r t i c i p a t e  i n  recommending c o n s e r v a t i o n  and  management 

m e a s u r e s  f o r  s u c h  s t o c k s .  

Papua N e w  Gu inea  and  t h e  S o u t h  P a c i f i c  Commission members 

h o l d  t h a t  i t  is t h e  r i g h t  o f  e v e r y  n a t i o n  t o  p l a n  and  d e v e l o p  i ts  

own r e s o u r c e s  i n  a  manner  which  w i l l  b r i n g  i t  o p t i m a l  b e n e f i t s .  

I f  a  s t a t e  or  a  g r o u p  o f  c o a s t a l  s t a t e s  c a n  s t r u c t u r e  a  f i s h e r y  

which  c a n  h a r v e s t  t h e  t o t a l  a l l o w a b l e  c a t c h  w i t h  t h e i r  own 

f l e e t s ,  t h e n  f o r e i g n  or o t h e r  v e s s e l s  n o t  a u t h o r i z e d  by t h e  

c o a s t a l  s t a t e  or s t a t e s  i n v o l v e d  s h o u l d  have  n o  r i g h t s  t o  f i s h  i n  

t h a t  r e g i o n .  

3.3.2 R e g u l a t i o n  o f  Tuna S t o c k s  -- 

A t  t h e  p r e a e n t  t i m e ,  Papua  N e w  G u i n e s  f e e l s  t h a t  i t  w i l l  b e  

t e n  y e a r s  b e f o r e  r e g u l a t i o n  o f  t h e  t u n a  s t o c k s  i n  t h e  w e s t e r n  

P a c i f i c  is r e q u i r e d ,  i f  a t  a l l .  The r i s i n g  cost  of  f u e l ,  l a b o r ,  

v e s s e l s  and  e q u i p m e n t  w i l l  l i m i t  t h e  a c t i v i t i e s  o f  a l l  b u t  t h e  



m o s t  s u c c e s s f u l  l o n g - r a n g e  v e s s e l s ,  t h e r e b y  r e d u c i n g  p r e s s u r e  on  

t h e s e  t u n a  s t o c k s  and  e n s u r i n g  t h e i r  c o n s e r v a t i o n .  However, t h i s  

w i l l  p r o b a b l y  b e  o f f s e t  t o  some d e g r e e  by t h e  e s t a b l i s h m e n t  o f  

j o i n t  v e n t u r e  f l e e t s  i n  t h o s e  c o a s t a l  s t a t e s  w i t h  t u n a  s t o c k s ,  

t h u s  a c h i e v i n g  i n  p a r t  some b e n e f i t s  f o r  t h e  s m a l l  d e v e l o p i n g  

c o u n t r i e s  i n  t h e  r e g i o n .  

The p r e s e n t  s y s t e m  whereby t h e  d i s t a n t - w a t e r  f i s h i n g  n a t i o n s  

n e g o t i a t e  u n i l a t e r a l l y  w i t h  t h o s e  c o u n t r i e s  w i t h  l a r g e  known 

r e s o u r c e s  is is n o t ,  i n  many i n s t a n c e s ,  s a t i s f a c t o r y  f o r  t h e  

p a r t i e s  i n v o l v e d .  Access t o  good f i s h i n g  g r o u n d s  is r e s t r i c t e d  

t o  l o n g - r a n g e  f i s h i n g  v e s s e l s .  T h e s e  c a n n o t  a f f o r d  t o  p u r c h a s e  

f i s h i n g  l i c e n s e s  or pay r o y a l t y  payments  t o  a l l  s t a t e s  f o r  t h e  

p r i v i l e g e  o f  f i s h i n g  t h e i r  w a t e r s ;  t h e r e f o r e ,  t h e y  d e a l  o n l y  w i t h  

t h o s e  c o u n t r i e s  w i t h  known r e s o u r c e s  closer t o  t h e  d i s t a n t  

n a t i o n ' s  home p o r t .  T h i s  r e s u l t s  i n  many c o u n t r i e s  r e c e i v i n g  no  

c a s h  b e n e f i t s ,  w h i l e  t h e  l o n g - r a n g e  v e s s e l s  become r e s t r i c t e d  a s  

t o  where  t h e y  f i s h  a n d  c o n s e q u e n t l y  o p e r a t e  less e f f i c i e n t l y .  

Papua  N e w  G u i n e a  h o l d s  t h a t  a c c e s s  a r r a n g e m e n t s  and  f e e s  

m u s t  b e  s t r u c t u r e d  i n  s u c h  a  way a s  t o  a l l o w  f o r e i g n  v e s s e l s  

a c c e s s  t o  t h e  r e g i o n  a s  a  w h o l e  r a t h e r  t h a n  o n l y  t o  r e s t r i c t e d  

a r e e s ,  a n d  t h a t  paymen t s  s h o u l d  b e  d i r e c t l y  r e l a t e d  t o  t h e  amount 

o f  f i s h  a c t u a l l y  h a r v e s t e d  f rom w i t h i n  a  n a t i o n ' s  f i s h e r i e s  zone.  

PNG b e l i e v e s  t h a t  s u c h  a r r a n g e m e n t s  c a n  b e s t  b e  e f f e c t e d  t h r o u g h  

a  r e g i o n a l  o r g a n i z a t i o n  where  n e i g h b o r i n g  n a t i o n s  who s h a r e  a  

common s t o c k ( s )  a g r e e  o n  a  u n i f i e d  s e t  o f  terms f o r  a c c e s s  t o  t h e  

a r e a  and  a  f e e  f o r  f i s h  t a k e n .  

W h i l e  t h e  members o f  t h e  S o u t h  P a c i f i c  Forum F i s h e r i e s  

Agency have  n o t  y e t  a g r e e d  t o  s u c h  a n  a r r a n g e m e n t ,  o n e  o f  t h e  

p r ime  r e a s o n s  f o r  e s t a b l i s h i n g  t h e  Agency was t o  " c o o r d i n a t e  and  

ha rmon ize  p o l i c i e s  o n  Law o f  t h e  S e a  so a s  t o  e n s u r e  t h e  maximum 

b e n e f i t s  f o r  t h e  p e o p l e  and  t h e  r e g i o n  a s  a  w h o l e  a n d  

s p e c i f i c a l l y  t o  ha rmon ize  f i s h e r i e s  p o l i c y  i n  t h e  r e g i o n  and  t o  

a d o p t  a  c o o r d i n a t e d  a p p r o a c h  i n  n e g o t i a t i o n s  w i t h  d i s t a n t - w a t e r  

f i s h i n g  n a t i o n s .  It A f  r e e - a c c e s s  a r r a n g e m e n t  w i t h  c a t c h - r e l a t e d  

f e e s  would a p p e a r  t o  s a t i s f y  t h a t  g o a l .  



Papua  N e w  G u i n e a  a n d  o t h e r  members o f  t h e  F i s h e r i e s  Agency 

a r e  now w o r k i n g  toward  t h e  d e v e l o p m e n t  o f  a c o s t - e f f e c t i v e  

s u r v e i l l a n c e  and  e n f o r c e m e n t  s y s t e m .  

T h e  need  f o r  s u c h  a s y s t e m  is n o t  p r i m a r i l y  f o r  p r o t e c t i n g  

t h e  r e s o u r c e  f rom o v e r - f i s h i n g  a s ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  

some r e e f  f i s h e r i e s ,  t h i s  c o u l d  h a r d l y  o c c u r  w i t h o u t  m a s s i v e  

f l e e t s  which c o u l d  b e  e a s i l y  d e t e c t e d  i n  any case. The  i n i t i a l  

p u r p o s e  is t o  e n s u r e  t h a t  f o r e i g n  v e s s e l s  r e c o g n i z e  t h a t  f a i l u r e  

t o  t a k e  l i c e n s e s  and  t o  p r o v i d e  d a t a  and  f e e s  f o r  f i s h  t a k e n  c a n  

r e s u l t  i n  heavy  f i n e s ,  t h e  loss  o f  t h e i r  c a t c h ,  and  s e i z u r e  o f  

t h e  v e s s e l  i f  a p p r e h e n d e d  f i s h i n g  i l l e g a l l y .  

The costs a n d  p r o b l e m s  o f  d e t e c t i n g  and  a p p r e h e n d i n g  v e s s e l s  

i n  s u c h  a l a r g e  area  a r e  i n d e e d  f o r m i d a b l e .  Wi th  t h e  a s s i s t a n c e  

o f  t h e  U n i t e d  S t a t e s ,  Papua  N e w  Gu inea  i s  e x a m i n i n g  t h e  

f e a s i b i l i t y  o f  e s t a b l i s h i n g  a s a t e l l i t e  s u r v e i l l a n c e  s y s t e m  i n  

t h e  s o u t h w e s t e r n  P a c i f i c ,  d e v e l o p i n g  a n  e f f e c t i v e  e n f o r c e m e n t  

c a p a b i l i t y ,  i m p r o v i n g  f i s h e r i e s  d a t a  c o l l e c t i o n  a n d  p r o c e s s i n g ,  

a n d  i n c r e a s i n g  t h e  c o o r d i n a t i o n  be tween  n a t i o n a l  and  p r o v i n c i a l  

f i s h e r i e s  a g e n c i e s .  The  Government  w i l l  h a v e  t o t a l  c o n t r o l  o v e r  

f i s h e r y  r e s o u r c e s ,  b u t  w i l l  e n c o u r a g e  p a r t i c i p a t i o n  and  

c o o p e r a t i o n  o f  t h e  p r o v i n c i a l  gove rnmen t s .  

T h e  c o n t r o l  o f  coas ta l  s t a t e s  o v e r  a l l  f i s h e r i e s  s t o c k s ,  

i n c l u d i n g  t u n a s ,  w i l l  n o  d o u b t  b r i n g  d r a m a t i c  c h a n g e s  t o  t h e  

p r e s e n t  w o r l d  t u n a  i n d u s t r y ,  b u t  w i l l  s u r e l y  b e n e f i t  b o t h  

d e v e l o p e d  and  t h o s e  d e v e l o p i n g  n a t i o n s  which  c o o p e r a t e  o n  t h e  

c o n s e r v a t i o n ,  management,  u t i l i z a t i o n  a n d  m a r k e t i n g  o f  t h e  s t o c k s  

s h a r e d  b e t w e e n  them.  



4.0 FISHING VESSELS U T I L I Z I N G  PNG WATERS 

A b r i e f  d e s c r i p t i o n  o f  t h e  t y p e s  o f  v e s s e l s  and  t h e i r  

me thods  o f  o p e r a t i o n  w i l l  l e a d  t o  a  more e f f e c t i v e  d e s i g n  o f  a  

s u r v e i l l a n c e  s y s t e m .  T h e r e  a r e  s i x  b a s i c  t y p e s  o f  f i s h i n g  

v e s s e l s  u t i l i z i n g  PNG w a t e r s .  They a r e  m o t h e r  o r  f a c t o r y  s h i p s ,  

l o n g l i n e r s ,  p o l e - a n d - l i n e  b o a t s ,  p u r s e  s e i n e r s ,  c l am b o a t s ,  and  

t r a w l e r s .  The f o l l o w i n g  d e s c r i p t i o n s  o f  e a c h  h a v e  b e e n  t a k e n  

f rom t h e  F i s h e r i e s  D i v i s i o n  S u r v e i l l a n c e  Manual o f  1977 .  

4 . 1  Mother  ( F a c t o r y )  S h i p s  

A l l  o f  t h e  company t u n a  f l e e t s  l i c e n s e d  i n  Papua-New G u i n e a  

h a v e  m o t h e r s h i p s  w o r k i n g  a t  i ts  f l e e t  b a s e .  They a r e  p r e s e n t l y  

l o c a t e d  a t  Kavieng ,  R a b a u l ,  Kimbe a n d  Manus. A s  a g r e e d  be tween  

t h e  company and  t h e  PNG Government ,  t h e  o p e r a t i o n a l  b a s e s  may b e  

moved t o  d i f f e r e n t  L o c a t i o n s  f rom t i m e  t o  t i m e .  

M o t h e r s h i p s  a r e  c a r g o  t y p e  b o a t s  w i t h  expanded  f r e e z e r  

c a p a c i t y .  T h e i r  g e n e r a l  a p p e a r a n c e  i s  t y p i c a l  o f  g e n e r a l  c a r g o  

v e s s e l s  w i t h  l a r g e  t a n k s  o n  deck  c o n t a i n i n g  r e f r i g e r a t e d  b r i n e  

s o l u t i o n .  The f r e s h l y  c a u g h t  f i s h  a r e  h a r d - f  r o z e n  b e f o r e  b e i n g  

p l a c e d  i n  s t o r a g e  i n  t h e  f r e e z e r s  be low.  The s h i p  i t s e l f ,  which  

may r a n g e  i n  s i z e  f r o m  1 , 0 0 0  t o  1 0 , 0 0 0  t o n s  ( P h o t o  l ) ,  l i e s  a t  

a n c h o r  and  t h e  f i s h i n g  b o a t s  v i s i t  i t  d a i l y  t o  d e l i v e r  f i s h  a n d  

r e c e i v e  i ce  and  s tores  i n  r e t u r n .  When f u l l ,  t h e  m o t h e r s h i p  may 

b e  r e p l a c e d  by a n o t h e r  s i m i l a r  s h i p  o r  a  p a s s i n g  f r e i g h t e r  may 

o f  f - l o a d  h e r .  

M o t h e r s h i p s  a r e  l i c e n s e d  a n d  m u s t  c a r r y  a  Papua  N e w  G u i n e a  

i d e n t i f i c a t i o n  number a s  d o  t h e  f i s h i n g  b o a t s .  T h e i r  o p e r a t i o n s  

a r e  t o  b e  p h a s e d  o u t  a s  t h e  c o m p a n i e s  b u i l d  u p  s h o r e  b a s e s ,  b u t  

o n e  or more may b e  r e t a i n e d  t o  s u p p l y  a  p r o p o s e d  c e n t r a l  c a n n e r y  

when t h i s  becomes o p e r a t i o n a l .  
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4.2 L o n g l i n e r s  

T h e s e  f i s h i n g  b o a t s  u s e  v e r y  l o n g  l i n e s  s e t  h o r i z o n t a l l y  i n  

t h e  s e a  and  which  may e x t e n d  o v e r  20 t o  40 and  e v e n  6 0  m i l e s  i n  

l e n g t h .  A t  i n t e r v a l s  a l o n g  t h i s  l o n g l i n e ,  v e r t i c a l  l i n e s  a r e  s e t  

a t  v a r i o u s  d e p t h s ,  e a c h  h a v i n g  a  b a i t e d  hook. T h e s e  v e s s e l s  d o  

n o t  r e q u i r e  s p e c i a l  c o n s t r u c t i o n  o r  d e s i g n .  S i n c e  t h e  

w h e e l h o u s e - a f t  v e s s e l  i s  t h e  most c o m f o r t a b l e  a t  s e a ,  many 

l o n g l i n e r s  f o l l o w  t h a t  d e s i g n  and may r e s e m b l e  a  c o a s t i n g  v e s s e l  

a t  f i r s t  g l a n c e .  L o n g l i n e r s  come i n  a l l  s i z e s ,  b u t  t h e  m a j o r i t y  

i n v o l v e d  i n  PNG w a t e r s  a r e  i n  t h e  40 meter c l a s s  (20-30 t o n s ) .  

Long d i s t a n c e  o c e a n i c  l o n g l i n i n g  was p i o n e e r e d  by c o u n t r i e s  

s u c h  a s  J a p a n ,  whose p o p u l a t i o n  p r e s s u r e s  and l i m i t e d  c o a s t a l  

s e a s  i n f l u e n c e d  f i s h e r m e n  t o  g o  f a r  a f i e l d .  T h e r e  a r e  t w o  

a d v a n t a g e s  t o  l o n g l i n e  f i s h i n g :  t h e  l i n e s  c a n  b e  s e t  f l o a t i n g  

anywhere  i n  t h e  o c e a n ,  and ,  b o t t o m - s e t  l o n g l i n e s  c a n  b e  u s e d  o n  

rough  g round  w h e r e  t r a w 1 , e r s  would lose  g e a r .  

The  t y p e s  of  f i s h  t a k e n  by l o n g l i n e r s  a r e  l a r g e  t u n a s ,  

swordf  i s h  a n d  s h a r k s .  W h i l e  l o n g l i n i n g  i s  a  t e c h n i c a l l y  s i m p l e  

o p e r a t i o n ,  s k i l l e d  p r o c e d u r e  is  r e q u i r e d  a s  w e l l  a s  a n  e x p e r t  

knowledge  o f  t h e  f i s h i n g  a r e a s .  

A l o n g l i n e  c o n s i s t s  o f  s e v e r a l  l e n g t h s  o f  l i n e  j o i n e d  

t o g e t h e r  ( F i g u r e  8 ) .  To t h e  l i n e  a r e  a t t a c h e d  b a i t e d  hooks  ( o n  

b r a n c h  l i n e s ) ,  f l o a t s ,  f l a g  buoys ,  a n d  r a d i o  o r  l i g h t e d  buoys  

r e q u i r e d  t o  f a c i l i t a t e  l o c a t i n g  t h e  l i n e .  A g r o u n d - s e t  l o n g l i n e  

i s  a n c h o r e d  i n  p l a c e ,  b u t  a s u r f a c e  l i n e  u s u a l l y  i s  s e t  d r i f t i n g  

f r e e l y  . The c o n v e n t i o n a l  l o n g  l i n i n g  method employs  a number of  

" b a s k e t s "  Each b a s k e t  i s  of  a s e t  l e n g t h  w i t h  many b r a n c h  l i n e s  

a t t a c h e d .  

When f i s h i n g ,  a  team o f  men i s  s t a t i o n e d  a t  t h e  s t e r n .  The 

v e s s e l  p r o c e e d s  a t  q u i t e  a  f a i r  s p e e d  and t h e  l i n e s  are  p a i d  o u t  

q u i c k l y ,  e a c h  s e c t i o n  b e i n g  j o i n e d  t o  a n o t h e r  o n e  d u r i n g  

" s h o o t i n g " .  One man w i l l  f e t c h  t h e  b a s k e t s  o f  l i n e s ;  a n o t h e r  

w i l l  p r e p a r e  and  pay  them o u t ;  a n o t h e r  w i l l  b a i t  a n d  a t t a c h  

b r a n c h  l i n e s ;  a n o t h e r  w i l l  a t t a c h  f l o a t s  and  f l a g  buoys  as  
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r e q u i r e d .  I t  is  d a n g e r o u s  work and  men c a n  be l o s t  o v e r b o a r d  

v e r y  e a s i l y  i f  c a u g h t  by a  hook or  e n t a n g l e d  i n  a  l i n e .  

When t h e  l i n e s  have  been  i n  t h e  s e a  f o r  t h e  r e q u i r e d  p e r i o d ,  

t h e  s h i p  r e t u r n s  t o  t h e  f i r s t  and  s t a r t s  t o  r e t r i e v e  them. I f  

t h e  l e n g t h  o f  l i n e  s h o t  is l o n g ,  s a y  10 ,000  t o  20 ,000  meters, 

t h e n  t h e  l i n e  w i l l  b e  r e t r i e v e d  a s  s o o n  a s  t h e  s h i p  r e t u r n s  t o  

t h e  o r i g i n a l  e n d .  O t h e r w i s e  i t  may b e  l e f t  a w h i l e  t o  " f i s h " .  

The l i n e  is t a k e n  up o v e r  t h e  s h i p ' s  r a i l ,  u s u a l l y  on t h e  

f o r w a r d  s t a r b o a r d  s i d e  where  a  m e c h a n i c a l  l i n e  h a u l e r  is  

s i t u a t e d .  A s  t h e  l i n e  is r e t r i e v e d ,  f i s h  a r e  removed and t h e  

l i n e s  a r e  c o i l e d  a s  t h e y  come o f f  t h e  h a u l e r  and s e n t  back t o  t h e  

s h i p ' s  poop deck  i n  u n i t s  ( b a s k e t s ) .  T h e r e  is o f t e n  a  conveyor  

b e l t  p e r m a n e n t l y  s i t u a t e d  on  t h e  p o r t  s i d e  r u n n i n g  from t h e  

h a u l e r  up  o n t o  t h e  poop d e c k .  I n  a t t e m p t s  t o  mechanize  t h e  

p r o c e s s  some v e s s e l s  a r e  e q u i p p e d  w i t h  l a r g e  " l i n e  reels"  (4m x  

2m) h o l d i n g  miles  o f  l i n e  and  used  w i t h  "snap-on" hook b r a n c h  

l i n e s .  N o t  many v e s s e l s  have  b e e n  s e e n  w i t h  t h i s  d e v i c e  i n  PNG. 

A l o n g l i n e r  r e q u i r e s  a  l a r g e  amount o f  b a i t ,  u s u a l l y  c a r r i e d  

f r o z e n  from t h e  p o r t  o f  o r i g i n .  The most p o p u l a r  f i s h  is t h e  

J a p a n e s e  " s a u r y "  which  i s  a b o u t  400 - 600 mm l o n g ,  and  

s u p e r f i c i a l l y  r e s e m b l e s  a  g a r f i s h .  S u p p l i e s  o f  t h i s  b a i t  a r e  now 

s c a r c e  and e x p e n s i v e .  

4  . 3  Pole-and-Line B o a t s  

Tuna  p o l e - a n d - l i n e  f i s h i n g  s t a r t e d  from a  s u r v e y  and 

e x p e r i m e n t a l  s t a g e  i n  PNG i n  1970/71  and  soon  expanded i n t o  a  

serious f i s h e r y  and f o u r  j o i n t - v e n t u r e  companies  were formed w i t h  

J a p a n e s e  and  Amer ican  p a r t i c i p a t i o n .  T h i s  t y p e  o f  f i s h i n g  h a s  

been  t r a d i t i o n a l  i n  t h e  P a c i f i c  f o r  many y e a r s  and h a s  s p r e a d  

wor ldwide .  Pole-and-1 i n e  b o a t s  c a n  b e  e n c o u n t e r e d  a l m o s t  

anywhere f i s h  s c h o o l  and  f e e d  i n  t h e  d e s i r e d  p a t t e r n .  



Two t y p e s  o f  v e s s e l s  a re  p r e s e n t l y  o p e r a t i n g  i n  P N G .  One i s  

a 20 meter v e s s e l  (39-49  t o n s )  w o r k i n g  d a i l y  o u t  f r om a  f i x e d  

b a s e  ( m o t h e r s h i p ) ;  t h e  o t h e r s  a re  l a r g e r  30-40 meter (79-192 t o n )  

v e s s e l s  w i t h  r e f r i g e r a t i o n  w h i c h  c a n  o p e r a t e  away f o r  s e v e r a l  

d a y s  o n  a n  i n d e p e n d e n t  b a s i s .  Twenty meter v e s s e l s  are  c a l l e d  

S h o r t - R a n g e  P o l e r s  (SRP)  ( P h o t o s  2  a n d  3 ) ;  t h e  30-40 meter 

v e s s e l s  are  c a l l e d  Long-Range P o l e r s  (LRP) ( P h o t o  4 ) .  

I n  1 9 7 1 ,  t h e  c o m p a n i e s  b e g a n  r e p l a c i n g  t h e  smaller,  o l d e r  

39-49 t o n  b o a t s  w i t h  59  t o n  v e s s e l s  when i t  a p p e a r e d  t h a t  t h e  

a v e r a g e  c a t c h  p e r  u n i t  e f f o r t  ( c a t c h  p e r  b o a t  p e r  f i s h i n g  d a y )  o f  

t h e  59  t o n  c lass  o f  v e s s e l s  w a s  15% t o  20% h i g h e r  t h a n  f o r  t h e  

39-49 t o n  c lass ,  a n d  1 0 %  t o  1 5 %  h i g h e r  t h a n  t h e  1 9 2  t o n  c l a s s  o f  

v e s s e l .  

Up t o  1 9 7 5  e a c h  o f  t h e  f o u r  c o m p a n i e s  o p e r a t e d  s e p a r a t e  

f l e e t s .  I n  1 9 7 8 ,  o n e  company c e a s e d  o p e r a t i o n s  a n d  t h e  f l e e t  w a s  

c o m p r i s e d  o f  1 0 ,  20 ,  a n d  1 7  p o l e - a n d - l i n e  c a t c h e r  b o a t s  w o r k i n g  

w i t h  o n e ,  two and  t w o  m o t h e r s h i p s ,  r e s p e c t i v e l y .  The  f l e e t  

c o n s i s t e d  o f  s i x  s i z e  classes: 3 9  g r o s s  t o n s  (1 v e s s e l ) ;  49 t o n s  

( 1 0  v e s s e l s ) ;  5 9  t o n s  ( 2 6  v e s s e l s ) ;  6 9  t o n s  (1 v e s s e l ) ;  1 4 5  t o n s  

(1 v e s s e l ) ;  1 9 2  t o n s  ( 8  v e s s e l s ) .  

The  b e g i n n i n g  1 9 7 9  y e a r  s a w  t h e  a m a l g a m a t i o n  o f  two o f  t h e  

t h r e e  f i s h i n g  c o m p a n i e s ,  t h e  r e s u l t i n g  t w o  c o m p a n i e s  o p e r a t i n g  

f l e e t s  o f  1 7  a n d  1 4  p o l e - a n d - l i n e  c a t c h e r  b o a t s  a n d  t h r e e  a n d  t w o  

m o t h e r s h i p s  r e s p e c t i v e l y .  The  1 9 7 9  f l e e t  c o m p r i s e d  t h e  f o l l o w i n g  

d i s t r i b u t i o n  amongs t  s i z e  classes: 3 9  t o n  (1); 49  t o n  ( 4 ) ;  59  

t o n  ( 2 7 ) ;  6 9  t o n  (1); 1 4 5  t o n  ( 2 ) ;  1 9 2  t o n  ( 6 ) .  

T h e  f i s h i n g  method  i s  s i m p l e .  A p o l e - a n d - l i n e  c a t c h e r  b o a t  

p u t s  t o  sea w i t h  l i v e  b a i t  a b o a r d  i n  t a n k s  o f  c i r c u l a t i n g  sea 

water .  When a s c h o o l  o f  f e e d i n g  t u n a  is  s i g h t e d ,  t h e  c a t c h e r  

moves  i n  a n d  t h r o w s  l i v e  b a i t  i n t o  t h e  w a t e r .  T h i s  a t t r a c t s  a n d  

e x c i t e s  t h e  t u n a  w h i c h  s w a r m  a r o u n d  t h e  c a t c h e r  a n d  c o n t i n u e  t o  

d o  so as b a i t  is  th rown i n t o  t h e  water. The  p o l e  b o a t  h a s  t w o  

f i s h i n g  s t a t i o n s ,  o n e  a t  t h e  bow a n d  o n e  a t  t h e  s t e r n .  The  bow 

s t a t i o n  h a s  a p e c u l i a r  e l o n g a t e d  "beak"  p r o j e c t i n g  f o r w a r d  a n d  

w h i c h  p r o v i d e s  a d d i t i o n a l  s p a c e  f o r  f i s h e r m e n  ( P h o t o  3 ) .  
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A s  s o o n  as  a s c h o o l  o f  f i s h  i s  a t t r a c t e d ,  t h e  c a t c h e r  s t o p s  

a n d  t u r n s  on  a  s y s t e m  o f  water s p r a y s  a r o u n d  t h e  s h i p .  T h i s  

t e n d s  t o  e x c i t e  t h e  f i s h  and  c o n c e a l  t h e  f i s h e r m e n .  The crew, 

e a c h  w i t h  h i s  own p o l e ,  t h e n  a s s e m b l e  o n  t h e  s h i p ' s  r a i l  a n d ,  by 

means o f  b a r b l e s s  l u r e s ,  hook and  t h r o w  t h e  f i s h  o n e  by o n e  o n t o  

t h e  d e c k .  P r o v i d e d  t h e  l i n e  is k e p t  t a u t ,  t h e  f i s h  c a n n o t  th row 

t h e  hook. Once t h e  f i s h  l a n d s  o n b o a r d  and  t h e  l i n e  i s  s l a c k e n e d  

t h e  f i s h  t h r o w s  t h e  hook and  is f r e e  o n  t h e  d e c k .  The f i s h i n g  

a c t i o n  is u s u a l l y  a s  f a s t  a s  t h e  o p e r a t o r  c a n  w i e l d  h i s  l i n e .  

One m a n / p o l e / f i s h  is  u s u a l  i n  s k i p j a c k  f i s h i n g ,  b u t  f o r  h e a v i e r  

f i s h  t w o  men may j o i n  t h e i r  l i n e s  t o  o n e  hook.  Somet imes  t h r e e  

men may b e  i n v o l v e d  when v e r y  l a r g e  f i s h  a r e  e n c o u n t e r e d .  

The  l a r g e r  LRP b o a t s  w i l l  sometimes b e  f i t t e d  w i t h  f o u r  o r  

more a u t o m a t i c  p o l i n g  m a c h i n e s  a l o n g  o n e  r a i l .  Each c o n s i s t s  o f  

a s q u a r i s h  c o n t a i n e r ,  a b o u t  .5 meter i n  w i d t h  and a  f i b e r g l a s s  

"bamboo" is a t t a c h e d  t o  e a c h .  The  m a c h i n e s  a r e  a b l e  t o  c a t c h  

f i s h  by t h e  same p r o c e s s  a s  t h e  crew, b u t  a r e  s a i d  t o  b e  less 

s u c c e s s f u l  o n  s k i p j a c k  whe re  t h e  b o a t  is s t o p p e d  when f i s h i n g .  

F i s h i n g  c o n t i n u e s  u n t i l  t h e  s c h o o l  o f  f i s h  s t o p s  b i t i n g  or moves 

away. 

One o f  t h e  p r o b l e m s  i n  t h i s  f i s h e r y  i n  PNG i s  t h e  f a c t  t h a t  

t h e  d e s i r e d  l i v e - b a i t  h a s  t o  b e  o b t a i n e d  f rom i n s h o r e  w a t e r s  

whe re  i n d i g e n o u s  p e r s o n s  h o l d  t h e  f i s h i n g  r i g h t s .  Thus ,  t h e  

who le  f i s h e r y  d e p e n d s  o n  l oca l  r i g h t s  h o l d e r s  p e r m i t t i n g  b a i t i n g  

i n  t h e i r  areas. T h i s  h a s  p r o v i d e d  some d i f f i c u l t i e s ,  b u t ,  o n  t h e  

who le ,  t h e  i n d u s t r y  h a s  managed t o  m a i n t a i n  i t s  o p e r a t i o n s .  

Many c a t c h e r s  c o l l e c t  b a i t  a t  n i g h t  u s i n g  a  d o r y  towed a few 

meters a s t e r n  o n  a  l i n e .  The d o r y  h a s  a d i e s e l  powered g e n e r a t e r  

wh ich  l i g h t s  a  submerged  lamp. When enough b a i t  h a s  g a t h e r e d  

a r o u n d  t h e  submerged  l i g h t ,  t h e  p a r e n t  b o a t  i m m e d i a t e l y  p u t s  o u t  

a f i n e  meshed b a i t  " l i f t  n e t " .   his is  s u p p o r t e d  away f rom o n e  

s i d e  o f  t h e  v e s s e l  by a  " g o a l  p o s t "  a r r a n g e m e n t  o f  l a r g e  bamboo 

p o l e s .  The " c r o s s b a r "  o f  t h e  " g o a l  p o s t "  s u p p o r t s  t h e  l i f t  n e t  

v e r t i c a l l y  i n  t h e  w a t e r .  The b a i t  d o r y  i s  t h e n  s l o w l y  p u l l e d  i n  

s o  t h a t  i t  l i e s  be tween  t h e  p a r e n t  b o a t  and  t h e  l i f t  n e t .  The 

b a i t  comes w i t h  t h e  d o r y  wh ich  i s  s t i l l  u s i n g  i t s  l i g h t .  



The  l i f t  n e t  i s  q u i c k l y  drawn upwards  by means o f  r o p e s  

a t t a c h e d  t o  t h e  b o t t o m  e d g i n g  e n c l o s i n g  t h e  d o r y  a n d  b a i t .  The 

l i g h t  i s  t u r n e d  o f f  a n d  t h e  d o r y  i s  q u i e t l y  e a s e d  o v e r  t h e  t o p  o f  

t h e  n e t .  

The  b a i t  n e t  i s  t h e n  f u r t h e r  p u l l e d  i n  u n t i l  t h e  b a i t  is  

c o n c e n t r a t e d .  r t  c a n  b e  t h e n  d i p p e d  o u t  by hand ,  u s i n g  b u c k e t s ,  

a n d  p a s s e d  t o  t h e  p a r e n t  b o a t ' s  l i v e  b a i t  t a n k s .  The  b o a t  t h e n  

p u t s  to  sea t o  l o o k  f o r  t u n a .  

4 . 4  P u r s e  s e i n e r s  

A p u r s e - s e i n e  is a n e t  which  i s  s e t  i n  a c i r c u l a r  f a s h i o n  a t  

t h e  s u r f a c e  o f  t h e  sea a n d  which  h a s  a d r a w - s t r i n g  a t  t h e  b o t t o m  

e n a b l i n g  t h e  n e t  t o  b e  " p u r s e d "  a n d  so c o n t a i n  any  f i s h e s  

e n c i r c l e d  by t h e  n e t  ( F i g u r e  9 ) .  T h i s  method is u s e d  w o r l d w i d e  

a n d  may b e  o b s e r v e d  i n s h o r e  a n d  o f f  s h o r e  i n  a l l  s i z e s  o f  c r a f t  

a n d  f i s h e r i e s .  

When a s c h o o l  o f  f i s h  is  f a v o r a b l y  p o s i t i o n e d  n e a r  t h e  

s u r f a c e  o f  t h e  sea t h e  p u r s e - s e i n e r  c i r c l e s  i t  a t  t o p  s p e e d ,  

p a y i n g  o u t  i t s  n e t  f r o m  t h e  s t e r n ,  a r r i v i n g  back  a t  t h e  f i r s t  e n d  

when j u s t  s h o o t i n g  t h e  l a s t .  Thus ,  t h e  i d e a l  " s e t "  shows a  

p e r f e c t  c i r c l e  o f  n e t  f l o a t i n g  o n  t h e  water w i t h  t h e  s e i n e r  

p o s i t i o n e d  so t h a t  b o t h  e n d s  o f  t h e  n e t  a r e  o n  t h e  b o a t  i t s e l f .  

When t h i s  i s  d o n e ,  t h e  p u r s i n g - w i n c h  is s e t  i n t o  m o t i o n  a n d  

t h e  w i r e  p u r s i n g  r o p e ,  which  is s e t  i n  b i g  loose r i n g s  a l o n g  t h e  

b o t t o m  o f  t h e  n e t ,  i s  t i g h t e n e d  u p  u n t i l  t h e  n e t  is  drawn i n  o r  

" p u r s e d "  a t  t h e  b o t t o m  a n d  t h e  f i s h  c a u g h t  i n s i d e .  

T h e  n e t  is t h e n  r e t r i e v e d  u n t i l  t h e  p a r t  i n  t h e  water i s  

d i m i n i s h e d  so t h a t  t h e  f i s h  a re  crowded a l o n g s i d e  a n d  may b e  

d i p p e d  o u t  w i t h  n e t  " b r a i l s "  o r  e v e n  pumped o u t  i f  small  enough.  

T h e  n e t  is r e t r i e v e d ,  nowadays,  by means  o f  a l a r g e  h y d r a u l i c  

p u l l e y ,  commonly c a l l e d  a "power-b lock" .  The  p u l l e y  h a s  a d e e p  

V-shaped,  r u b b e r  l i n e d  g r o o v e  a n d  t h e  w e i g h t  o f  t h e  n e t ,  when 

compac t ed  i n t o  a s a u s a g e  s h a p e  i n  i t ,  i s  s u f f i c i e n t  t o  p r o v i d e  
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t r a c t i o n .  The power-block may b e  s e e n  a t  t h e  t o p  of  a  boom, a t  

q u i t e  a  h e i g h t  above  t h e  w a t e r .  I n  rough w a t e r s ,  i t  may b e  

p o s i t i o n e d  n e a r e r  t h e  deck  l e v e l  where t h e r e  is less d a n g e r  of  

i t s  p u l l  c a p s i z i n g  a  b o a t .  The power-block e n a b l e s  a much 

s m a l l e r  crew t o  b e  u s e d  and  t h e  n e t  managed more e a s i l y .  

The w i n c h i n g  a c t i o n  a n d / o r  windage p r e s e n t  may t e n d  t o  p u l l  

t h e  s e i n e r  i n t o  i t s  own n e t .  To a v o i d  t h i s  a  p o w e r f u l  s k i f f  

(motor b o a t )  h e l p s  t o  t e n d  t h e  n e t  b u t  p u l l s  t h e  m o t h e r s h i p  away 

f rom t h e  n e t  when n e c e s s a r y .  

P u r s e  s e i n e r s  a r e  medium t o  l a r g e  v e s s e l s  f rom 30-75m w i t h  

t h e  whee lhouse  f o r w a r d ,  a  h i g h  bow, and a  l o n g  lower a f t e r - d e c k .  

A v e r y  l a r g e  h e a p  o f  n e t  o n  t h e  s t e r n  g i v e s  a  c h a r a c t e r i s t i c  

hump, o n  which may b e  p e r c h e d  a 6 o r  7 meter power s k i f f .  The 

l a r g e r  o c e a n i c  t u n a  s e i n e r  f i s h e r i e s  i n  t h e  E a s t e r n  P a c i f i c  o f t e n  

c a r r y  s p o t t e r  a i r c r a f t  o n  d e c k .  The s t e r n  may b e  s l o p e d  down t o  

t h e  w a t e r  t o  f a c i l i t a t e  o p e r a t i o n s .  

A l a r g e  boom h e e l e d  o n  t h e  mainmast w i l l  u s u a l l y  b e a r  a  

l a r g e  power-block of a t  l e a s t  2 meter d i a m e t e r .  T h i s  power-block 

r e s e m b l e s  a  l a r g e  na r row p u l l e y  and is o v e r  o n e  meter i n  

d i a m e t e r .  The p u r s e - s e i n e  winch is p l a c e d  so t h a t  t h e  drum a x e s  

a r e  f o r e  and  a f t  e n a b l i n g  t h e  p u r s i n g  w i r e s  coming o v e r  t h e  s i d e  

of t h e  s h i p  t o  e n t e r  t h e  f a i r  l e a d  more e a s i l y .  On some p u r s e  

s e i n e r s  f i x e d  power-b locks  are i n s t a l l e d  o n  p e d e s t a l s  so t h a t  

t h e y  a r e  a b o u t  man-he ight  above  t h e  deck .  These  d e c k  f i x t u r e s  

may have t h r e e  ro l le r s  ( t r i p l e x )  i n s t e a d  of  o n e  V-pul ley .  The 

n e t  is p u l l e d  by t h i s  method and  t h e n  t a k e n  u p  a l o f t  o n  a  s m a l l e r  

power b l o c k  so t h a t  t h e  n e t  c a n  f a l l  v e r t i c a l l y  and b e  s t a c k e d  i n  

a n  o r d e r l y  f a s h i o n  r e a d y  f o r  t h e  n e x t  s h o t .  

A b r a i l e r  i s  a  l a r g e  m e t a l  r i n g ,  of a b o u t  2 meters d i a m e t e r  

f rom which i s  hung a  s t r o n g  n e t t i n g  bag .  T h i s  i s  lowered  i n t o  

t h e  p u r s e d  n e t  and  t h e  f i s h  scooped  i n t o  t h e  bag. The d ipped-up  

f i s h  a r e  r e l e a s e d  from t h e  b r a i l e r  by p u l l i n g  a  r o p e  f o r  a  q u i c k  

t r a n s f e r  from s e i n e  t o  s h i p .  



A modern s e i n e r  may c a r r y  a b o w - t h r u s t e r  d e v i c e  i n  i t s  own 

h u l l ,  be low t h e  w a t e r l i n e .  T h i s  t r a n s v e r s e  p r o p e l l e r ,  s e t  i n  a 

t u n n e l  i s  a lso u s e d  t o  k e e p  a b o a t  o u t  o f  i t s  own n e t  ( a l so  

u s e f u l  f o r  d o c k i n g  i n  a d v e r s e  w i n d s ) .  

Deve lopmen t  o f  o c e a n i c  p u r s e - s e i n i n g  i n  t h e  w e s t e r n  P a c i f i c  

h a s  n o t  y e t  b e e n  s u c c e s s f u l  b e c a u s e  o f  t e c h n i c a l  d i f f i c u l t i e s .  

T h e s e  may i n c l u d e  l a c k  o f  t h e r m o c l i n e  wh ich  a l l o w s  t h e  f i s h  t o  

d i v e  b e n e a t h  a s e i n e  b e f o r e  i t  c a n  b e  p u r s e d ;  t h e  e x t r e m e  c l a r i t y  

o f  t h e  water wh ich  a l l o w s  t h e  f i s h  t o  see t h e  n e t ;  a n d / o r  

s p e c i e s - s p e c i f i c  h a b i t s  o f  t h e  t u n a  i n  t h o s e  waters compared  t o  

t h o s e  i n  t e m p e r a t e  z o n e s  or o t h e r  areas  w h e r e  p u r s e  s e i n i n g  f o r  

t u n a  is h i g h l y  s u c c e s s f u l .  

T a b l e  6 s u m m a r i z e s  v e s s e l  l e n g t h  a n d  t o n n a g e  d a t a  f o r  p u r s e  

s e i n e r s ,  po l e - and -1  i n e  b o a t s ,  a n d  l o n g l i n e r s .  

4.5 C l a m  B o a t s  

F o r  many y e a r s ,  Papua  N e w  G u i n e a  h a s  b e e n  v i s i t e d  by t h e s e  

t y p e s  o f  v e s s e l s ,  t h e  m a j o r i t y  o f  wh ich  r e p o r t e d l y  come f rom 

Ta iwan  ( P h o t o  5 ) .  T h e i r  ma in  p u r p o s e  is t o  co l lec t  t h e  g i a n t  

r e e f  c l am wh ich  commands a h i g h  p r i c e  i n  t h e  O r i e n t .  L o b s t e r s  

a n d  n t h e r  s h e l l f i s h  may a l so  b e  t a k e n ,  a s  w e l l  a s  t r o c h u s  and  

g r e e n  s n a i l ,  b u t  n o t  u s u a l l y  i n  any  s i g n i f i c a n t  q u a n t i t y .  They 

are  f i t t e d  f o r  f i s h i n g  by s k i n d i v e r s  which  restricts t h e i r  

a c t i v i t i e s  t o  r e e f s  a n d  o t h e r  s h a l l o w  areas. S i n c e  t h e r e  are  few 

s h a l l o w  water a n d  r e e f  areas  wh ich  a re  n o t  c l a i m e d  by o n e  c o u n t r y  

o r  a n o t h e r  t h e s e  d a y s ,  i t  f o l l o w s  t h a t  t h e s e  s h i p s  are  

c o n t i n u a l l y  p o a c h i n g  a s  w e l l  a s  i n f r i n g i n g  o n  i m m i g r a t i o n ,  

c u s t o m s  a n d  q u a r a n t i n e  l a w s  a n d  r e g u l a t i o n s .  On t h e  a v e r a g e ,  PNG 

d e a l s  w i t h  a b o u t  a d o z e n  s u c h  r e p o r t e d  i n c i d e n t s  e a c h  y e a r  w i t h  

t w o  or t h r e e  v e s s e l s  b e i n g  a r r e s t e d  and  t h e  masters b r o u g h t  t o  

c o u r t  o n  c h a r g e s  o f  i l l e g a l  f i s h i n g .  



Gross Tonnage 
C l a s s  

-. - (Tonnes) 

1. P o l e  and  L ine  
5.. = 

39 

2. P u r s e  S e i n e  

3 .  Long l ine  

59 

< l o o  
100-200 

"Approximate on ly .  

O v e r a l l  
Length 

(Metres) 
H u l l  
Type 

Wood 

Wood 

Wood, S t e e l  

S t e e l  

S t e e l  

S t e e l  

S t e e l  

S t e e l  

S t e e l  

S t e e l  

Wood, S t e e l  

? 

? 

Tab le  6: VESSEL LENGTH - TONNAGE DATA 
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Clam b o a t s  h a v e  t h e  d i s t i n c t  " Junk"  p r o f i l e  w i t h  t h e  

p ronounced  s h e e r  o f  t h e  d e c k l i n e  and a  h i g h  poop.  Dories f o r  

f i s h i n g  o n  t h e  r e e f  a r e  c a r r i e d  i n b o a r d  a n d  s towed  a t h w a r t  t h e  

d e c k  a m i d s h i p s .  The d o r i e s  h a v e  d i e s e l  e n g i n e s  o f  a b o u t  6-8 h p  

a n d  a r e  a b o u t  5-6 meters l o n g .  When n o t  f i s h i n g  t h e  d o r i e s  a r e  

p u l l e d  i n b o a r d  a n d  s towed  a t h w a r t  t h e  deck  a m i d s h i p s .  

T h e s e  v e s s e l s  h a v e  o n l y  o n e  f i s h i n g  method. The m a s t e r  

l o o k s  a r o u n d  f o r  a  s u i t a b l e  p a t c h  o f  r e e f  and  s e n d s  h i s  d o r i e s  

i n s h o r e  e a c h  w i t h  a b o u t  4-5 d i v e r s  i n  e a c h  and  d i v i n g  t a k e s  p l a c e  

i n  s h a l l o w  w a t e r  o v e r  t h e  r e e f .  

T h e  p r o d u c e  i s  f r o z e n  and  u l t i m a t e l y  t a k e n  back  home, b u t  

some g r o u p s  o f  t h e s e  v e s s e l s  may sometimes work t o  a  m o t h e r s h i p  

o n e  o f  w h i c h  r a n  a g r o u n d  i n  t h e  W e s t e r n  I s l a n d  i n  J u n e  1 9 7 5 .  

A n o t h e r  m o t h e r s h i p  was s p o t t e d  o f f  t h e  No'rthern D i s t r i c t  i n  1973 .  

I t  was found  s h e l t e r i n g  w i t h  a  g r o u p  o f  c a t c h e r s  i n s i d e  a  i s l a n d  

a  few m i l e s  o f f s h o r e .  

4 .6  T r a w l e r s  (Prawn a n d  O t h e r s )  

The  word " t r a w l e r s "  h a s  become r a t h e r  m i s u s e d .  S t r i c t l y  

s p e a k i n g ,  a  t r a w l e r  i s  a  v e s s e l  which  f i s h e s  by d r a g g i n g  some 

k i n d  o f  n e t s  b e h i n d  it. T r a w l i n g  c a n  b e  a c c o m p l i s h e d  o n  t h e  

s e a - b e d  (down to  a b o u t  600 meters f o r  p r a c t i c a l  p u r p o s e s ) ,  i n  

mid -wa te r  or  o n  t h e  s u r f a c e .  A t r a w l e r  is a  s t u r d y  f i s h i n g  b o a t  
-a w i t h  l o t s  o f  power  a n d  w i t h  a  winch  c a p a b l e  o f  s h o o t i n g  and  

h a u l i n g  heavy  t r a w l i n g  g e a r  ( P h o t o  6 ) .  

- .  T r a w l i n g  i n  a n d  a r o u n d  PNG i s  m o s t l y  f o r  p rawns .  T h i s  t a k e s  

p l a c e  i n  m o d e r a t e  d e p t h s  (down t o  50  meters u s u a l l y )  o v e r  s andy  

- - or  muddy s e a - b e d s ,  u s u a l l y  w h e r e  l a r g e  s i l t y  r i v e r s  meet s h a l l o w  

- sea -bed ;  t h e  Gu l f  o f  Papua  is t h e  main PNG p rawn ing  g r o u n d .  

s - T r a w l e r s  come i n  a l l  s i z e s .  F i v e  meter d o r i e s  c a n  t r a w l  i n  

r i v e r s  and  s h e l t e r e d  w a t e r s .  I n s h o r e  t r a w l e r s  c a n  b e  a n y t h i n g  

- * f rom 1 0  t o  1 5  meters. Of f s h o r e  t r a w l e r s  u p  t o  3 0  meters a r e  

commonly s e e n  i n  PNG w a t e r s .  I n  some p a r t s  o f  t h e  w o r l d ,  t h e y  

-,. 
r u n  u p  to  70  meters, or  e v e n  more. 
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I n  PNG, b o t t o m  ( d e m e r s a l )  t r a w l i n g  is more or less c o n f i n e d  

t o  t h e  s h a l l o w  w a t e r s  o f  t h e  Gul f  o f  Papua i n  d e p t h s  o f  a b o u t  20 

t o  30 meters. T h e s e  t r a w l e r s  r a n g e  i n  s i z e  f rom 1 5  meters t o  20 

meters. L a r g e r  v e s s e l s  o f  30 meter s i z e  u s u a l l y  b e l o n g  t o  

f o r e i g n  f i r m s  r e g i s t e r e d  i n  PNG. 

T r a w l e r s  u s u a l l y  have  t h e  whee lhouse  f o r w a r d  w i t h  c l e a r  

d e c k s  a f t  f o r  e a s i e r  w o r k i n g  o f  g e a r .  P r o b a b l y  95% o f  t h e  modern 

prawn t r a w l e r s  a r e  t h u s  f i t t e d ,  b u t  t h e  w h e e l h o u s e - a f t  p o s i t i o n  

i s  s t i l l  p o p u l a r  i n  some p a r t s  a s  many o l d e r  t r a w l e r s  s t i l l  

e x i s t .  

T r a w l e r s  have  a  p o w e r f u l  winch o r  w i n c h e s  on  deck  u s u a l l y  

close t o  t h e  whee lhouse ,  i n  f r o n t  o r  b e h i n d ,  d e p e n d i n g  o n  t h e  

w h e e l h o u s e  p l a c e m e n t .  Depending upon t h e  t y p e  o f  f i s h i n g  or  

d e s i g n  o f  t h e  t rawler ,  o n e  o f  t h e  f o l l o w i n g  s t r u c t u r e s  w i l l  b e  

p r e s e n t :  

a .  t w o  i n v e r k e d  "U" s h a p e d  b r a c k e t s ,  a b o u t  t h e  h e i g h t  o f  a  
man, c lose  t o  t h e  s h i p ' s  r a i l ,  

b .  t w i n  booms, e i t h e r  h o i s t e d  up  v e r t i c a l l y  o r  lowered  t o  
w i t h i n  a b o u t  30 d e g r e e s  o f  t h e  h o r i z o n ,  

c. t w i n  booms p i v o t e d  l i k e  g a t e s  o n  t h e  s h i p ' s  r a i l ,  

d .  a n  "A" f r ame  d e v i c e  s t r e t c h i n g  a t h w a r t s h i p s  and  
s u p p o r t e d  by "A" f r a m e s  n e a r  t h e  s h i p ' s  r a i l s ,  p o s s i b l y  
w i t h  s l i d i n g  e x t e n s i o n s .  

To s p r e a d  t h e  n e t  o n  t h e  bo t tom,  " t r a w l  d o o r s "  or  " b o a r d s "  

(some times c a l l e d  " o t t e r  b o a r d s "  ) a r e  u sed .  T h e s e  a r e  

r e c t a n g u l a r  wood a n d  m e t a l  b o a r d s .  They may b e  f rom a b o u t  2 x  1 

meters, i n  d i m e n s i o n ,  u p  t o  v e r y  l a r g e  models  w e i g h i n g  o v e r  a  t o n  

o n  t h e  l a r g e r  trawlers. 

The t r a w l  d o o r s  a re  a t t a c h e d  t o  t h e  wing o f  t h e  n e t  so t h a t  

t h e y  w i l l  k e e p  t h e  mouth o f  t h e  n e t  o p e n  a s  i t  is  b e i n g  towed 

a c r o s s  t h e  bo t tom.  The d o o r s  a r e  a l s o  g i v e n  a  s l i g h t  o u t w a r d s  

i n c l i n a t i o n  so t h a t  t h e y  n o t  o n l y  s h e e r  o u t w a r d s ,  b u t  a l so  

downwards t h u s  k e e p i n g  t h e  n e t  o n  t h e  sea-bed .  



T h e  n e t  i s  i n  t h e  s h a p e  o f  a c o n i c a l  b a g  o f  h e a v y  t w i n e  a n d  

h a s  a c h a i n  a n d / o r  l e a d s  a t t a c h e d  a l o n g  t h e  b o t t o m  a n d  a few 

f l o a t s  t o  t h e  t o p  ( h e a d r o p e ) .  T h e  mesh  o f  a p r a w n  t r a w l e r  is  

smal l ,  a b o u t  35-50 mm t o  r e t a i n  p r a w n s ;  mesh  f o r  f i s h  is  l a r g e r .  



5.0 PRESENT SURVEILLANCE AND REACTION CAPABILITIES 

The  F i s h e r i e s  D i v i s i o n  o f  t h e  M i n i s t r y  o f  P r i m a r y  I n d u s t r y  

is  c h a r g e d  w i t h  e n f o r c e m e n t  o f  t h e  f i s h i n g  laws. I t  is a s s i s t e d  

i n  b o t h  s u r v e i l l a n c e  and  e n f o r c e m e n t  by t h e  m i l i t a r y  arm o f  t h e  

Government ,  t h e  Papua  N e w  G u i n e a  D e f e n c e  F o r c e .  

The  F i s h e r i e s  D i v i s i o n  m a i n t a i n s  i t s  own s e a b o r n e  

c a p a b i l i t y .  I ts  f l e e t  c o n s i s t s  o f  t w o  v e s s e l s ,  a c o n f i s c a t e d  

J a p a n e s e  l o n g l i n e r ,  " D e r  Yang", a n d  a 4 5 - f o o t  d o u b l e  d e c k e r .  

T h e s e  v e s s e l s  a r e  p r i m a r i l y  r e s e a r c h  v e s s e l s ,  b u t  are a l so  u s e d  

f o r  e n f o r c e m e n t .  D e r  Yang h a s  a c r u i s i n g  s p e e d  o f  e i g h t  k n o t s  

a n d  a r a n g e  o f  1 , 0 0 0  m i l e s .  Bo th  v e s s e l s  a re  b a s e d  i n  Rabau l .  

The Papua  N e w  G u i n e a  D e f e n s e  F o r c e  o p e r a t e s  a f l e e t  o f  f i v e  

armed pa t ro l  b o a t s  and  t h r e e  Nomad p a t r o l  a i r c r a f t .  The p a t r o l  

b o a t s  were o b t a i n e d  w i t h  t h e  a s s i s t a n c e  o f  t h e  Roya l  A u s t r a l i a n  

Navy and  are  a b o u t  11 y e a r s  o l d .  They are  a p p r o x i m a t e l y  36 

meters i n  l e n g t h  w i t h  400 t o n s  d i s p l a c e m e n t  and  c a r r y  a crew o f  

1 9  ( P h c t o  7 ) .  Armament c o n s i s t s  o f  a 40mm B o f o r s  MK V I I  gun 

mounted o n  t h e  f o r e d e c k .  Normal c r u i s e  s p e e d  is 12-1/2 k n o t s ,  

w i t h  a  19-1/2 k n o t  maximum s p e e d .  A l though  a "normal"  p a t r o l  

c r u i s e  f rom t h e i r  b a s e  a t  Manus I s l a n d  may b e  o n e  t o  o n e  a n d  

o n e - h a l f  mon ths  l o n g ,  t h e  b o a t s  have  l i m i t e d  f r e s h  water c a r r y i n g  

c a p a c i t y  a n d  c a n n o t  s t a y  a t  sea f o r  more t h a n  t h r e e  t o  f o u r  d a y s  

a t  a t i m e .  T h e s e  b o a t s  a re  e q u i p p e d  w i t h  Decca RM-916A r a d a r  

s y s t e m s  wh ich  have  a  maximum r a n g e  o f  48  n a u t i c a l  m i l e s  (nm) 

( P h o t o  8 ) .    his r a d a r  i n s t a l l a t i o n  c a n  r e p o r t e d l y  d e t e c t  

"Taiwart- .se c lam b o a t s "  (wood c o n s t r u c t i o n ,  a b o u t  1 0  meters i n  

l e n g t h )  a t  a r a n g e  o f  a b o u t  1 2  nm, a n d  t h e  l a r g e r  f i s h i n g  b o a t s  

( s t ee l  c o n s t r u c t i o n ,  30-50 meters l e n g t h )  a t  twice t h i s  d i s t a n c e .  

On a t y p i c a l  p a t r o l  m i s s i o n ,  t w o  t o  t h r e e  f i s h i n g  v e s s e l s  are  

e n c o u n t e r e d  p e r  month.  

W h i l e  o n  p a t r o l ,  t h e s e  b o a t s  report  t h e i r  p o s i t i o n  by r a d i o  

twice d a i l y ,  a t  1 0 0 0  a n d  1 8 0 0  h o u r s .  T h e s e  r e p o r t s  a r e  s e n t  " i n  

t h e  c lear" ,  a n d  t h u s  c o u l d  b e  i n t e r c e p t e d  and  r e a d  by anyone  w i t h  

a s t a n d a r d  maritime r a d i o  r e c e i v e r .  T h e r e  i s  some s p e c u l a t i o n  

t h a t  f i s h i n g  v e s s e l s  m o n i t o r  t h e s e  p o s i t i o n  r e p o r t s  a n d  maneuver  

s o  a s  t o  a v o i d  t h e  PNGDF maritime p a t r o l s .  
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The  s e a r c h  a i r c r a f t  c u r r e n t l y  i n  u s e  by t h e  PNG Government  

is  t h e  A u s t r a l i a n  Nomad S e a r c h m a s t e r  22B ( P h o t o  9 ) .  T h r e e  o f  

t h e s e  a i r c r a f t  a r e  b a s e d  a t  Lae .  They a r e  r e l a t i v e l y  new ( t h e  

o l d e s t  is a b o u t  t w o  y e a r s  o l d ) ,  i n  good  c o n d i t i o n  a n d  seem t o  b e  

r e a s o n a b l y  w e l l  m a i n t a i n e d .  The  a i r c r a f t  is powered  by t w i n  

A l l i s o n  B17 f r e e  t u r b i n e  t u r b o p r o p  e n g i n e s  wh ich  t o g e t h e r  w i t h  

d o u b l e  s l o t t e d  f l a p s  a n d  s p o i l e r / a i l e r o n s  p r o v i d e  a  f l i g h t  s p e e d  

r a n g e  o f  6 5  t o  1 7 0  k n o t s .  A l t h o u g h  t h e  a i r c r a f t  c a n  b e  o p e r a t e d  

a t  a l t i t u d e s  w e l l  i n  e x c e s s  o f  1 0 , 0 0 0  f e e t ,  i t  is u n p r e s s u r i z e d  

a n d  t h u s  is  s e l d o m  f l o w n  a b o v e  t h i s  a l t i t u d e  f o r  any  e x t e n d e d  

t i m e  . 
The  a i r c r a f t  a r e  c u r r e n t l y  e q u i p p e d  w i t h  GNS-500A Omega/VLF 

n a v i g a t i o n  s y s t e m s  a n d  B e n d i x  RDR-1400 radar.  On m a r i t i m e  

s u r v e i l l a n c e  m i s s i o n s ,  a n  a u x i l i a r y  f u e l  f e r r y  t a n k  i s  i n s t a l l e d  

i n  t h e  c a b i n  t o  p r o v i d e  a n  e i g h t - h o u r  m i s s i o n  c a p a b i l i t y  w i t h  

r e s e r v e  ( P h o t o  1 0 ) .  M i s s i o n s  a r e  n o r m a l l y  f l o w n  a t  a l t i t u d e s  o f  

1 , 5 0 0  a n d  2 , 5 0 0  f e e t .  

One p r o b l e m  w i t h  t h i s  a i r c r a f t  is  t h e  f a c t  t h a t  w i t h  t h e  

f e r r y  t a n k  i n s t a l l e d ,  f u l l  f u e l ,  t w o  p i l o t s  and  o n e  o b s e r v e r ,  t h e  

a i r c r a f t  i s  a t  maximum a l l o w a b l e  g r o s s  w e i g h t .  I f  any  a d d i t i o n a l  

e q u i p m e n t  is a d d e d ,  s u c h  a s  a d v a n c e d  r a d a r  or  e l e c t r o n i c  

d e t e c t i o n  g e a r ,  t h e n  f u e l  w i l l  h a v e  t o  b e  o f f - l o a d e d  a n d  f l i g h t  

t i m e  r e d u c e d .  A t  t h e  p r e s e n t  t i m e ,  t h e  PNGDF a i r c r a f t  a r e  n o t  

e q u i p ~ z d  w i t h  a u t o p i l o t  or a i r  c o n d i t i o n i n g ,  b o t h  o f  w h i c h  s h o u l d  

b e  added  i f  r e g u l a r  l o n g - e n d u r a n c e  s u r v e i l l a n c e  m i s s i o n s  a re  t o  

b e  f l own .  A d d i t i o n  o f  t h e s e  i t e m s  a l o n e  w i l l  c u t  a p p r o x i m a t e l y  

o n e  h o u r  o f f  a v a i l a b l e  f l i g h t  t i m e .  Advanced s u r v e i l l a n c e  g e a r  

a n d  a n  a d d i t i o n a l  crew member would  d e c r e a s e  t h i s  t i m e  s t i l l  

f u r t h e r ,  t o  p r o b a b l y  n o  more t h a n  s i x  h o u r s  w i t h  a d e q u a t e  

r e s e r v e .  

The  Bend ix  RDR-1400 s y s t e m  is  mounted i n  t h e  n o s e  a n d  s c a n s  

t h r o u g h  a h o r i z o n t a l  a n g l e  o f  1 2 0 ° ( P h o t o  11). A l t h o u g h  t h i s  

s y s t e m  is b a s i c a l l y  a w e a t h e r  r a d a r ,  PNGDF p i l o t s  r e p o r t  

c o n s i d e r a b l e  s u c c e s s  u s i n g  i t  a s  a sea  s u r v e i l l a n c e  r a d a r  a n d  

h a v e  " d e t e c t e d  c l a m  b o a t s "  a t  r a n g e s  u p  t o  30nm a n d  t h e  l a r g e r  
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Photo 11: RADAR SYSTEE'I DISPLAY IN NOMAD COCKPIT 
(The pilot is pointing out a radar 
contact now inside 10 nm range.) 

Photo 12: VFSSEL SHOWN AS A RADAR CONTACT IN PIIOTO 11 
(Sailing canoe, wooden construction, estimsted to be 

about 15 meters in lenqth) 
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f i s h i n g  v e s s e l s  a t  up  t o  60nm u n d e r  i d e a l  c o n d i t i o n s .  T h e s e  

r a n g e s  a r e  u n u s u a l  and  a b o u t  twice t h a t  n o r m a l l y  e x p e c t e d  u n d e r  

o p e r a t i o n a l  c o n d i t i o n s .  On a  f l i g h t  t e s t  c o n d u c t e d  o n  December 

7 ,  1979 ,  few v e s s e l s  o f  any s i z e  were p i c k e d  up  a t  r a n g e s  i n  

e x c e s s  o f  20nm. One c o n t a c t  a t  1 5  m i l e s  r a n g e  t u r n e d  o u t  t o  b e  a  

s a i l i n g  c a n o e  ( e s t i m a t e d  1 5  meters, wood c o n s t r u c t i o n )  w i t h  a  

l a r g e  s a i l  ( P h o t o s  11 and 1 2 ) .  

O v e r  t h e  p a s t  t w o  y e a r s ,  e a c h  of  t h e s e  a i r c r a f t  h a s  been  

o p e r a t e d  a t  a n  a v e r a g e  o f  a b o u t  400 h o u r s  p e r  y e a r  f o r  a l l  

p u r p o s e s .  A t  t h e  p r e s e n t  t i m e ,  t h e y  a r e  s c h e d u l e d  f o r  o n e  

s u r v e i l l a n c e  m i s s i o n / f o r t n i g h t ,  w i t h  a combined p a t r o l  

b o a t / a i r c r a f t  o p e r a t i o n  a b o u t  o n c e  e a c h  month. Some 

c o m m u n i c a t i o n s  p rob lems  have  b e e n  e x p e r i e n c e d  o n  t h e s e  

o p e r a t i o n s ,  n o t  a l l  o f  which  have  b e e n  d u e  t o  e q u i p m e n t  

m a l f u n c t i o n .  D u r i n g  f l i g h t  o p e r a t i o n s ,  t h e  s u r v e i l l a n c e  a i r c r a f t  

s e n d s  a  p o s i t i o n  r e p o r t  e v e r y  30 m i n u t e s  o n  CAA f r e q u e n c i e s .  

A l though  t h e s e  repor t s  a r e  s e n t  i n  t h e  c l e a r  a n d  c o u l d  b e  

i n t e r c e p t e d  and r e a d ,  p o s i t i o n s  a r e  n o r m a l l y  g i v e n  a s  d i s t a n c e s  

f rom p r e - s e l e c t e d  t u r n i n g  p o i n t s  and  t h u s  would b e  m e a n i n g l e s s  t o  

t h e  c a s u a l  l i s t e n e r .  I t  s h o u l d  b e  n o t e d ,  however,  t h a t  t h e s e  

c o o r d i n a t e  p o i n t s  a r e  s e n t  v i a  o p e n  t e l e x  a  few d a y s  b e f o r e  t h e  

m i s s i o n  i s  t o  b e  f lown ,  and  t h e s e  t e l e x  messages  c o u l d  b e  

i n t e r c e p t e d .  A l though  t h i s  m i g h t  seem a n  u n l i k e l y  p o s s i b i l i t y ,  

s u c h  p a t r o l  f l i g h t  r o u t e s  would b e  a  m a t t e r  o f  e x t r e m e  i n t e r e s t  

t o  t h e  m a s t e r  o f  any  l a r g e  a n d  e x p e n s i v e  f i s h i n g  v e s s e l ,  and t h i s  

p o s s i b i l i t y  o f  i n a d v e r t a n t  d i s c l o s u r e  c o u l d  b e  e a s i l y  g u a r d e d  

a g a i n s t .  

The f i s h i n g  v e s s e l s  t h a t  a re  t h e  o b j e c t  o f  t h e s e  sea 

s u r v e i l l a n c e  m i s s i o n s  r a n g e  i n  s i z e  and  c o m p l e x i t y  f rom t h e  small 

wooden 10 -me te r  "Ta iwanese  clam b o a t s "  which  may n o t  e v e n  c a r r y  

s i m p l e  r a d i o  g e a r  t o  76-meter  1 , 0 0 0  t o n  s t e e l - h u l l e d  p u r s e  

s e i n e r s  w i t h  e l a b o r a t e  r a d a r  and  communica t ions  equ ipmen t ,  and -- 
t h e  e v e n  l a r g e r  "mothe r  s h i p s "  t h a t  a r e  f l o a t i n g  r e f r i g e r a t i o n  

a n d  p r o c e s s i n g  p l a n t s .  A t  any  p o i n t  i n  t i m e  200  o r  more of t h e s e  
-.. v e s s e l s  may b e  a c t i v e l y  f i s h i n g  i n  PNG w a t e r s .  ~ e t e c t i o n  and  

i d e n t i f i c a t i o n  a re  c o m p l i c a t e d  by t h e  s i z e  o f  t h e  PNG D e c l a r e d  
\ 



F i s h i n g  Zone ( o v e r  750,000 s q u a r e  n a u t i c a l  m i l e s )  and  by t h e  

p r e s e n c e  o f  o t h e r  c o a s t a l  and t r a n s o c e a n  s h i p p i n g  t h a t  may 

p r o d u c e  a  s i m i l a r  r a d a r  r e t u r n .  

T h e r e  a r e  a t  p r e s e n t  o v e r  240 r e g i s t e r e d  PNG s h i p s  t r a d i n g  

i n  PNG waters, i n  a d d i t i o n  t o  t r a n s i t  v e s s e l s .  Under  e x i s t i n g  

l a w ,  a l l  s h i p s  o v e r  1 0  meters i n  l e n g t h  i n  PNG waters mus t  r e p o r t  

t h e i r  p o s i t i o n  twice d a i l y  t o  t h e  Coast R a d i o  S t a t i o n  ne twork .  

The " s h i p s  i n  r a n g e "  summary r e p o r t s  p r e p a r e d  by t h e  C o a s t  

S t a t i o n s  i n d i c a t e  a n  a v e r a g e  o f  a b o u t  1 , 5 0 0  v e s s e l s  worked p e r  

month.  U n f o r t u n a t e l y ,  a s  o n e  o b s e r v e r  n o t e d ,  " f i s h i n g  v e s s e l s  

n e v e r  g i v e  a c c u r a t e  p o s i t i o n  r e p o r t s ,  a n d  r e a l l y  come o n  t h e  a i r  

o n l y  when t h e y  need  some th ing" .  I n  November 1979 ,  1 4  f o r e i g n  

f i s h i n g  v e s s e l s  were known t o  b e  work ing  o n e  a r e a  of  PNG w a t e r s .  

Only t h r e e  o f  t h e s e  were r e p o r t e d  t o  b e  s e n d i n g  p o s i t i o n  r e p o r t s  

a s  r e q u i r e d ,  and  t h e s e  w i t h  q u e s t i o n a b l e  a c c u r a c y .  

The o p e r a t i o n a l  s u r v e i l l a n c e  t a s k  f a c i n g  t h e  PNG F i s h e r i e s  

D i v i s i o n  is  f i r s t  o n e  o f  d e t e c t i n g  f i s h i n g  v e s s e l s  s c a t t e r e d  

among o t h e r  s h i p s  o v e r  a n  e x t r e m e l y  l a r g e  a r e a ,  s e c o n d  o f  

unambiguous ly  i d e n t i f y i n g  t h e s e  v e s s e l s  and  s e p a r a t i n g  l i c e n s e d  

f rom u n l i c e n s e d  s h i p s ,  t h i r d  o f  p r e c i s e l y  l o c a t i n g  t h e i r  

g e o g r a p h i c  p o s i t i o n ,  and  f o u r t h ,  i f  w a r r a n t e d ,  d i r e c t i n g  and  

a s s i s t i n g  s u r f a c e  v e s s e l s  t o  i n t e r c e p t  i l l e g a l  t r a f f i c .  

The p r e s e n t l y  e x i s t i n g  PNG c a p a b i l i t y  t o  a c c o m p l i s h  t h i s  

t a s k  is m a r g i n a l  a t  b e s t .  Over  t h e  p a s t  s e v e n  y e a r s ,  

a p p r o x i m a t e l y  30 v e s s e l s  have  b e e n  c a u g h t  and  f i n e d  f o r  i l l e g a l  

f i s h i n g ,  f o r  a n  a v e r a g e  o f  s l i g h t l y  more t h a n  f o u r  p e r  y e a r .  

Most o f  t h e s e  have  b e e n  s m a l l  v e s s e l s .  Two l o n g l i n e r s  have  been  

c a p t u r e d ,  o n e  t h a t  was s i g h t e d  v i s u a l l y  b e f o r e  b e i n g  n o t i c e d  o n  

r a d a r ,  c h a s e d  and  f o r c e d  t o  heave  t o  by t h e  p a t r o l  b o a t  PNGS 

AITAPE o n  J u n e  1 9 ,  1 9 7 8 ,  a n d  o n e  t h a t  r a n  a g r o u n d  o n  P o c k l i n g t o n  

Reef  o n  O c t o b e r  4 ,  1979 .  R e l i a n c e  on  c o n v e n i e n t l y  p l a c e d  r e e f s  

a n d  v i s u a l  d e t e c t i o n  f rom s h i p s  would seem less  t h a n  d e s i r a b l e  i n  

any  o p e r a t i o n a l  f i s h e r i e s  m o n i t o r i n g  program.  



6.0 ALTERNATIVE METHODS OF DETECTION, SURVEILLANCE AND 
MONITORING 

S u r v e i l l a n c e  s y s t e m s  may b e  t a i l o r e d  t o  s u i t  a v a r i e t y  o f  

p u r p o s e s  a n d  a p p l i c a t i o n s .  D e s i g n  o f  a n  a p p r o p r i a t e  and  

e f f e c t i v e  s u r v e i l l a n c e  s y s t e m  r e q u i r e s ,  a s  a p r e r e q u i s i t e ,  

d e f i n i t i o n s  o f  t h e  o v e r a l l  g o a l s  o f  t h e  s y s t e m ,  s p e c i f i c  

d e t e c t i o n  and  m o n i t o r i n g  p a r a m e t e r s ,  and r e s t r i c t i o n s  p l a c e d  o n  

t h e  s y s t e m .  Once t h e s e  f e a t u r e s  h a v e  b e e n  d e f i n e d ,  t h e n  v a r i o u s  

c a n d i d a t e  a p p r o a c h e s  c a n  b e  e v a l u a t e d  l e a d i n g  t o  s e l e c t i o n  o f  t h e  

m o s t  a p p r o p r i a t e  p r o c e d u r e .  

6 . 1  O v e r a l l  S y s t e m  R e q u i r e m e n t s  a n d  C o n s i d e r a t i o n s  

Papua  N e w  G u i n e a ' s  p u r p o s e  i n  e s t a b l i s h m e n t  o f  a f i s h i n g  

v e s s e l  d e t e c t i o n ,  s u r v e i l l a n c e ,  a n d  m o n i t o r i n g  s y s t e m  is 

t h r e e - f o l d .  F i r s t ,  a s  a n  e x p r e s s i o n  o f  n a t i o n a l  i n t e r e s t  and  

e n f o r c e m e n t  o f  n a t i o n a l  l a w ,  i t  w i s h e s  t o  d e t e c t  v i o l a t o r s  o f  

t h a t  l a w ,  s p e c i f i c a l l y  u n l i c e n s e d  f i s h i n g  v e s s e l s  f i s h i n g  i n  t h e  

r e s t r i c t e d  areas  o f  PNG's 200 -mi l e  D e c l a r e d  F i s h i n g  Zone. Such  

d e t e c t i o n  m u s t  b e  a b l e  t o  b e  e x p e d i t i o u s l y  f o l l o w e d  by 

e n f o r c e m e n t  a c t i o n .  

Second ,  PNG w i s h e s  t o  m o n i t o r  t h e  l o c a t i o n  o f  l i c e n s e d  

f i s h i n g  v e s s e l s ,  b o t h  d o m e s t i c  a n d  f o r e i g n ,  i n  o r d e r  t o  e q u i t a b l y  

assess a p p r o p r i a t e  t a r i f f s  i n  a c c o r d a n c e  w i t h  a c t u a l ,  r a t h e r  t h a n  

p r e d i c t e d ,  c a t c h .  To d o  so, t h e y  m u s t  a l so  g a t h e r  d e t a i l e d  c a t c h  

d a t a  which  may b e  c o r r e l a t e d  w i t h  t h e  l o c a t i o n .  

T h i r d ,  PNG w i s h e s  t o  o b t a i n  l o c a t i o n - s p e c i f i c  e n v i r o n m e n t a l  

a n d  o c e a n o g r a p h i c  d a t a  wh ich  may b e  c o r r e l a t e d  w i t h  f i s h  c a t c h .  

The  p u r p o s e  o f  t h i s  i s  t o  d e v e l o p  b e t t e r  p r e d i c t i o n  mode l s  wh ich  

w i l l  l e a d  t o  more e f f i c i e n t  u t i l i z a t i o n  o f  t h e  r e s o u r c e  and  t o  a 

r a t i o n a l  r e g i o n a l  management  p r o c e s s .  

D e s i g n  of  a s y s t e m  t o  a c c o m p l i s h  t h e s e  g o a l s  m u s t  s a t i s f y  

v a r i o u s  s y s t e m  r e q u i r e m e n t s .  T h e s e  i n c l u d e  r e q u i r e m e n t s  f o r  

i d e n t i f i c a t i o n ,  l o c a t i o n ,  t o t a l  s y s t e m  c a p a c i t y ,  real-time 



c a p a b i l i t y ,  p e r i p h e r a l  d a t a  c a p a b i l i t y ,  c o o p e r a t i v e  v e r s u s  

n o n - c o o p e r a t i v e  t a r g e t s ,  b u d g e t  l i m i t a t i o n s ,  and  p o t e n t i a l  

m i l i t a r y  c l a s s i f i c a t i o n .  

F i r s t ,  a  d e t e c t i o n  s y s t e m  must  be  c a p a b l e  o f  n o t  o n l y  

d e t e c t i n g  f i s h i n g  v e s s e l s  b u t  a l s o  o f  d i f f e r e n t i a t i n g  them f rom 

o t h e r  l i k e l y  t a r g e t s  i n  t h e  a r e a ,  s u c h  a s  m e r c h a n t  v e s s e l s .  

I d e a l l y ,  t h e  s y s t e m  s h o u l d  a l s o  a l l o w  o n e  to  d e t e r m i n e  t h e  t y p e  

o f  f i s h i n g  v e s s e l  a n d  w h e t h e r  i t  is c u r r e n t l y  f i s h i n g  or  mere ly  

t r a n s i t i n g  t h e  waters. 

Second,  t h e  s y s t e m  m u s t  allow f o r  a c c u r a t e  l o c a t i o n  o f  t h e  

t a r g e t .  I n  most o f  t h e  waters o f  t h e  200-mile  zone ,  n o  l a n d m a r k s  

a re  v i s i b l e .  L o c a t i o n  o f  t h e  v e s s e l  is o f  p r ime  i m p o r t a n c e  s i n c e  

t h e  e n t i r e  l e g a l  s i t u a t i o n  is b a s e d  o n  r e s t r i c t i o n  f rom c e r t a i n  

l o c a l e s .  Both  t h e  a c c u r a c y  and  f r e q u e n c y  o f  l o c a t i o n  mus t  be  

s p e c i f i e d  a s  s y s t e m  p a r a m e t e r s .  The r e q u i r e d  a c c u r a c y  o f  t h e  

s y s t e m  c a n  b e  q u i t e  c r u d e  f rom t h e  s t a n d p o i n t  o f  n a v i g a t i o n a l  

s t a n d a r d s .  Most o f  . t h e  p e r i m e t e r  o f  t h e  200-mile  zone  d o e s  n o t  

l i e  n e a r  p a r t i c u l a r l y  c r i t i c a l  f i s h i n g  a r e a s ,  w i t h  t h e  p o s s i b l e  

e x c e p t i o n  of t h e  a r e a  i n  t h e  Gu l f  o f  Papua where  t h e  A u s t r a l i a n  

w a t e r s  e x t e n d  t o  w i t h i n  1 0  n a u t i c a l  miles or less  o f  t h e  PNG 

coast .  E x c e p t  f o r  t h i s  smal l  area,  which h a p p e n s  t o  l i e  n e a r  

p r o d u c t i v e  prawn, c l am,  and  l o b s t e r  g r o u n d s ,  i n c u r s i o n s  o n l y  a 

few m i l e s  i n t o  t h e  200-mi le  z o n e  would h a v e  a  min ima l  e f f e c t .  

~ h u s ,  r e q u i r e d  a c c u r a c y  o f  t h e  s y s t e m  c a n  b e  o n  t h e  o r d e r  o f  

s e v e r a l  n a u t i c a l  m i l e s .  

F r equency  o f  o b t a i n i n g  a  l o c a t i o n a l  f i x  i s  a n o t h e r  

p a r a m e t e r .  I d e a l l y ,  o n e  would  wan t  a c o n t i n u o u s  r e c o r d i n g  o f  

movement o f  a l l  t a r g e t  v e s s e l s .  T h i s  is e x p e n s i v e  a n d  would 

a p p e a r  t o  b e  i m p r a c t i c a l .  A one/day f i x  is p r o b a b l y  too 

i n f r e q u e n t .  I n  24 h o u r s  a  l a r g e  s h i p  c a p a b l e  o f  making 20 k n o t s  

c o u l d  steam 1 0 0  miles i n t o  t h e  zone ,  f i s h  f o r  1 4  h o u r s  a n d  s t e a m  

o u t  o f  t h e  zone  w i t h o u t  b e i n g  d e t e c t e d .  A f r e q u e n c y  o f  l o c a t i o n  

o f  4  h o u r s  m i g h t  seem r e a s o n a b l e  i f  i t  c o u l d  b e  a c h i e v e d .  T h i s  

would p r e v e n t  d e e p  i n c u r s i o n s  i n t o  t h e  w a t e r s  and s e v e r e l y  l i m i t  

f i s h i n g  t i m e  f o r  s h a l l o w  i n c u r s i o n s .  



The t o t a l  number o f  v e s s e l s  which  t h e  s y s t e m  c a n  h a n d l e ;  

i . e . ,  s y s t e m  c a p a c i t y ,  m u s t  b e  a d d r e s s e d .  A t  p r e s e n t ,  t h e r e  a r e  

s l i g h t l y  o v e r  1 0 0  l i c e n s e d  d o m e s t i c  and  f o r e i g n  f i s h i n g  v e s s e l s  

o p e r a t i n g  i n P N G V s w a t e r s .  A t  times i n  t h e  p a s t ,  o v e r  400 

v e s s e l s  have  used  PNG w a t e r s  d u r i n g  t h e  y e a r .  Shou ld  t h e  s y s t e m  

b e  expanded  t o  c o v e r  a l l  w a t e r s  o f  t h e  S o u t h  P a c i f i c ,  a  t o t a l  

s y s t e m  c a p a c i t y  o f  o v e r  1000  w i l l  b e  r e q u i r e d .  

The s u r v e i l l a n c e  s y s t e m  m u s t  have  a  c a p a b i l i t y  t o  p r o v i d e  

i n f o r m a t i o n  i n  r e a l  t i m e  o r  close t o  r e a l  t i m e .  T h i s  is 

n e c e s s a r y  i f  o n e  w i s h e s  t o  h a v e  a n  e n f o r c e m e n t  c a p a b i l i t y .  

S h o u l d  o n e  w i s h  t o  o n l y  document  t h e  l o c a t i o n s  o f  t h e  v e s s e l s  f o r  

l a t e r  u s e  ( f o r  i n s t a n c e ,  a s s e s s m e n t  o f  t a r i f f s ) ,  t h e n  a  r e a l - t i m e  

c a p a b i l i t y  i s  u n n e c e s s a r y .  I n  t h e  c a s e  o f  PNG, e n f o r c e m e n t  i s  

r e q u i r e d  and t h u s  t h e  s y s t e m  m u s t  p r o v i d e  d a t a  w i t h i n  a  few 

m i n u t e s  o f  r e a l  t i m e .  

I t  i s  h i g h l y  d e s i r a b l e  t h a t  c e r t a i n  t y p e s  o f  p e r i p h e r a l  d a t a  

b e  g a t h e r e d  c o n c o m i t a n t  w i t h  t h e  i d e n t i f i c a t i o n  and  l o c a t i o n  o f  

t h e  v e s s e l .  T h i s  d a t a  m i g h t  i n c l u d e :  d a i l y  c a t c h  by s p e c i e s ,  

w a t e r  t e m p e r a t u r e ,  pH, s a l i n i t y ,  t o t a l  d i s s o l v e d  s o l i d s ,  t o t a l  

o r g a n i c  c a r b o n ,  a t m o s p h e r i c  p r e s s u r e ,  o r  o t h e r  p a r a m e t e r s .  

The  t o t a l  s u r v e i l l a n c e  s y s t e m  must  b e  c a p a b l e  o f  d e t e c t i n g  

a n d  m o n i t o r i n g  t h e  l o c a t i o n  o f  c o o p e r a t i v e  and  n o n - c o o p e r a t i v e  

t a r g e t s .  A c o o p e r a t i v e  t a r g e t  i s  a  v e s s e l ,  p r e sumab ly  l i c e n s e d  

a n d  a c t i n g  w i t h i n  t h e  l aw ,  which  w i l l  c o o p e r a t e  w i t h  t h e  

s u r v e i l l a n c e  s y s t e m .  Such c o o p e r a t i o n  m i g h t  r e q u i r e ,  a s  a  

c o n d i t i o n  o f  l i c e n s i n g ,  the  i n s t a l l a t i o n  o f  a n  e l e c t r o n i c  d e v i c e  

wh ich  would a i d  t h e  s u r v e i l l a n c e  s y s t e m  i n  t r a c k i n g  t h e  v e s s e l .  

A n o n - c o o p e r a t i v e  t a r g e t  is o n e  wh ich  i n t r u d e s  i n t o  PNG w a t e r s  

unknown t o  any a u t h o r i t i e s  and  which  m i g h t  make d e f i n i t e  e f f o r t s  

t o  d o  so s u r r e p t i t i o u s l y .  

I n  a c t u a l i t y ,  t h e  d i v i s i o n  a s  c o o p e r a t i v e  o r  n o n - c o o p e r a t i v e  

i s  a n  a r b i t r a r y  o n e .  Vessels " c o o p e r a t e "  o n l y  b e c a u s e  i t  is i n  

t h e i r  b e s t  i n t e r e s t s  t o  d o  so. Vessels p u r c h a s i n g  l i c e n s e s  t o  

f i s h  i n  PNG w a t e r s  d o  so p r i m a r i l y  b e c a u s e  f a i l u r e  t o  d o  so 

c a r r i e s  w i t h  i t  t h e  t h r e a t  o f  c a p t u r e  by PNG w i t h  s u b s e q u e n t  



heavy  f i n e s  a n d  con£  i s c a t i o n  o f  g e a r .  I f  PNG had  n o  a e r i a l  

maritime s u r v e i l l a n c e  c a p a b i l i t y  a n d  n o  s u r f a c e  p a t r o l  v e s s e l s ,  

t h e n  i t  is l i k e l y  t h a t  f e w e r  f i s h i n g  v e s s e l s  would c o n c e r n  

t h e m s e l v e s  w i t h  t h e  f o r m a l i t y  o f  l i c e n s e  p u r c h a s e .  An 

e n f o r c e m e n t  s y s  t e m  ( p a t r o l  b o a t s )  i s  t h e r e f o r e  r e q u i r e d  b o t h  to  

c a p t u r e  " n o n - c o o p e r a t i v e "  t a r g e t s  and  t o  i n s u r e  t h a t  

" c o o p e r a t i v e "  t a r g e t s  c o n t i n u e  t o  c o o p e r a t e .  

C o s t  a n d  manpower is a s e r i o u s  c o n s i d e r a t i o n  f o r  a program 

o f  t h i s  sor t .  S h o u l d  i t  b e  n e c e s s a r y  to  i n s t a l l  h a r d w a r e  o n  

i n d i v i d u a l  f i s h i n g  v e s s e l s ,  t h e  costs o f  s u c h  h a r d w a r e  m u s t  b e  

k e p t  t o  a minimum. I t  is a n t i c i p a t e d  t h a t  any s u c h  c o s t s  w i l l  b e  

d i r e c t l y  p a s s e d  o n  t o  t h e  f i s h i n g  v e s s e l s  as  p a r t  o f  t h e i r  

l i c e n s e  f e e .  P r e s e n t  l i c e n s e  f e e s  r a n g e  f rom $5 ,000  t o  

$lO,OOO/year f o r  f o r e i g n  v e s s e l s  o p e r a t i n g  i n  PNG waters. The  

cost  o f  t h e  s h i p b o a r d  h a r d w a r e  s h o u l d  n o t  e x c e e d  t h i s  by any 

s u b s t a n t i a l  amoun t  or i t  may d i s c o u r a g e  f o r e i g n  v e s s e l s  f rom 

e n t e r i n g  t h e  w a t e r s  .. 
Many s u r v e i l l a n c e  t e c h n i q u e s  a r e  m i l i t a r i l y  c l a s s i f i e d .  

Even t hough  t h e r e  may b e  c l a s s i f i e d  t e c h n i q u e s  a p p r o p r i a t e  t o  t h e  

t a s k ,  t h e  d e s i g n  o f  t h i s  s y s t e m  m u s t  b e  s u c h  t h a t  i t  r e m a i n s  

u n c l a s s i f i e d  by t h e  any  government .  I f  p o s s i b l e ,  a l l  b a s i c  

h a r d w a r e  d e s i g n  s h o u l d  be commercial o f f - t h e - s h e l f  . 

6 .2  A l t e r n a t i v e  T e c h n i q u e s  o f  R e m o t e  P o s i t i o n  L o c a t i o n  

T h e  d e t e c t i o n ,  s u r v e i l l a n c e ,  a n d  m o n i t o r i n g  s y s t e m  r e q u i r e s  

t h a t  t h e  p o s i t i o n  o f  a  v e s s e l  m u s t  b e  d e t e r m i n e d  r e m o t e l y .  T h e r e  

a r e  a t  l e a s t  f i v e  f e a s i b l e  methods  by wh ich  o n e  may do so. They 

i n c l u d e  p h o t o g r a p h i c  a n d  imag ing  me thods ,  r a d i o  d e t e r m i n a t i o n  

methods  w i t h  a  d a t a  r e l a y ,  remote r a d i o  d e t e r m i n a t i o n  me thods ,  

d o p p l e r  s h i f t  s a t e l l i t e  me thods  w i t h  a d a t a  r e l a y ,  and  remote 

d o p p l e r  s h i f t  s a t e l l i t e  methods .  ~ l l  w i l l  allow a  remote 

o b s e r v e r  t o  m o n i t o r  t h e  movement o f  a  v e s s e l .  Each  h a s  i ts  

a d v a n t a g e s  a n d  d i s a d v a n t a g e s  f rom t h e  s t a n d p o i n t  o f  e f f e c t i v e n e s s  

and  cost. 



6.2 .1  P h o t o g r a p h i c  and Imaging  Methods 

T a k i n g  a n  a e r i a l  p h o t o g r a p h  o f  a  v e s s e l  f rom a  known 

l o c a t i o n  is o n e  o f  t h e  m o s t  o b v i o u s  means o f  l o c a t i n g  t h a t  

v e s s e l .  L i k e w i s e ,  s c a n n i n g  t h e  v e s s e l  w i t h  a n  o p t i c a l  s c a n n e r  ( a  

d e v i c e  u s e d  t o  c r e a t e  a  p h o t o - l i k e  " image" )  i n  e i t h e r  v i s i b l e  or 

i n f r a r e d  bands  c a n  a l s o  p r o v i d e  o n e  w i t h  i ts  l o c a t i o n  i f  t h e  

l o c a t i o n  o f  t h e  s c a n n e r  is known. P l a t f o r m s  t o  c a r r y  a  camera 

s y s t e m  o r  a  s c a n n e r  s y s t e m  c a n  b e  e i t h e r  a i r c r a f t  or  s p a c e c r a f t .  

P h o t o g r a p h i c  s y s t e m s  a r e  commonly r e s t r i c t e d  t o  u s e  i n  a i r c r a f t  

s i n c e  i t  is d i f f i c u l t  a t  b e s t  t o  r e t r i e v e  f i l m  f rom s p a c e c r a f t .  

S c a n n e r s ,  which  may c r e a t e  a n  image i n  d i s c r e t e  w a v e l e n g t h  

r e g i o n s  ("colors")  r a n g i n g  f rom t h e  u l t r a v i o l e t  t o  t h e  f a r  or 

t h e r m a l  i n f r a r e d  ( " h e a t  p i c t u r e s " ) ,  a r e  u s e d  i n  b o t h  a i r c r a f t  and 

s p a c e c r a f t .  They a r e  p a r t i c u l a r l y  u s e f u l  i n  c o l l e c t i n g  images 

f rom s p a c e  i n  t h a t  t h e  d a t a  making up  t h e  image a r e  c o l l e c t e d  i n  

a  s e r i a l  b i t  stream and may b e  e a s i l y  t e l e m e t e r e d  t o  e a r t h  and 

r e c o n s t i t u t e d  i n  t h e  same manner .  

A e r i a l  p h o t o g r a p h s  a r e  commonly t a k e n  w i t h  s p e c i a l  a e r i a l  

c a m e r a s  mounted t h r o u g h  t h e  b e l l y  o f  a n  a i r c r a f t .  The a r e a  

c o v e r e d  by a n  a e r i a l  p h o t o g r a p h  depends  o n  b o t h  t h e  a l t i t u d e  o f  

t h e  a i r c r a f t  and t h e  f o c a l  l e n g t h  o f  t h e  camera .  F o r  example ,  

when f l y i n g  a t  1 0 , 0 0 0  f e e t  w i t h  a  s i x - i n c h  l e n s ,  a  s i n g l e  a e r i a l  

p h o t o g r a p h  c o v e r s  a n  a r e a  o f  8 s q u a r e  m i l e s .  An a i r c r a f t  

t r a v e l i n g  a t  1 5 0  mph c a n  t a k e  5 3  s u c h  p h o t o s  p e r  h o u r  f o r  a  

c o v e r a g e  o f  424 s q u a r e  m i l e s / h o u r .  The t o t a l  a r e a  encompassed by 

t h e  200 m i l e  D e c l a r e d  F i s h i n g  Zone i s  750 ,000  s q u a r e  m i l e s .  Thus  

c o v e r a g e  o f  t h e  who le  a r e a  would t a k e  a l m o s t 1 , 8 0 0  h o u r s  o f  

f l y i n g  t i m e .  T h i s  i s  too g r e a t ,  by s e v e r a l  o r d e r s  o f  magn i tude ,  

t o  b e  c o n s i d e r e d  a s  a n  e f f e c t i v e  s e a r c h  tool.  A i r c r a f t  imaging  

s y s t e m s  l i k e w i s e  c o v e r  too s m a l l  a n  a r e a  p e r  u n i t  o f  s e a r c h  t i m e  

t o  b e  c o n s i d e r e d .  

S p a c e c r a f t  s y s t e m s  d o  n o t  have  t h i s  d i s a d v a n t a g e .  Images 

f rom s p a c e c r a f t  s c a n n e r s  commonly c o v e r  a n  area o f  10 ,000  t o  

30 ,000  s q u a r e  m i l e s .  Only  a  few s u c h  images  would b e  n e c e s s a r y  

t o  c o v e r  t h e  t o t a l  a r e a  of PNG w a t e r s .  U n f o r t u n a t e l y ,  mos t  



s p a c e b o r n e  s c a n n e r  s y s  t e m s  a r e  l i m i t e d  by t h e i r  s p a t i a l  

r e s o l u t i o n  o r  g round  r e s o l u t i o n .  Ground r e s o l u t i o n  may be  

d e f i n e d  a s  a  d i m e n s i o n  t h a t  is  e q u i v a l e n t  t o  t h e  s m a l l e s t  o b j e c t  

t h a t  c a n  b e  d i s t i n g u i s h e d  o n  t h e  g r o u n d  when t h a t  o b j e c t  p r e s e n t s  

a  h i g h  c o n t r a s t  ( 1 0 0 0 : l )  w i t h  t h e  background .  Most s a t e l l i t e  

s c a n n e r  s y s t e m s  have  b e e n  d e s i g n e d  t o  image l a r g e  f e a t u r e s  s u c h  

a s  l a n d  m a s s e s  o r  w e a t h e r  s y s t e m s .  T h e i r  s p a t i a l  r e s o l u t i o n  is  

q u i t e  poo r .  T a b l e  7  o u t l i n e s  t h e  s p a t i a l  r e s o l u t i o n  o f  some 

r e p r e s e n t a t i v e  imag ing  a n d  p h o t o g r a p h i c  s e n s o r s ,  b o t h  a i r b o r n e  

a n d  s p a c e b o r n e .  AS c a n  e a s i l y  b e  s e e n  by a  c a s u a l  i n s p e c t i o n  o f  

t h e  t a b l e ,  e v e n  t h e  b e s t  s a t e l l i t e  s y s t e m s  h a v e  r e s o l u t i o n s  

l a r g e r  t h a n  o r  a t  b e s t  a p p r o x i m a t i n g  t h e  s i z e  o f  a  l a r g e  f i s h i n g  

s h i p .  Even i n  c a s e s  w h e r e  t h e  s i z e  o f  t h e  s h i p  i s  1-2 t i m e s  t h e  

r e s o l u t i o n ,  o n e  would f i n d  t h a t  t h e  image o f  t h e  s h i p  would b e  

u n r e c o g n i z a b l e .  ~t m i g h t  c o n s i s t  o n l y  o f  1 o r  2 b r i g h t  d o t s  o n  

t h e  image and  would n o t  b e  i d e n t i f i a b l e  a s  a  s h i p .  

Thus ,  i t  w o u l d ' a p p e a r  t h a t  s u c h  t e c h n i q u e s  a r e  i n a p p r o p r i a t e  

f o r  t h e  d e t e c t i o n ,  m o n i t o r i n g ,  and  s u r v e i l l a n c e  o f  f i s h i n g  

v e s s e l s .  However, t h e  d a t a  f rom many o f  t h e s e  s e n s o r s  may b e  

q u i t e  v a l u a b l e  a s  a  s o u r c e  o f  o c e a n o g r a p h i c  d a t a  f o r  t h e  f i s h i n g  

i n d u s t r y .  I n  p a r t i c u l a r ,  L a n d s a t ,  S e a s a t ,  t h e  C o a s t a l  Zone Color 

S c a n n e r  o f  Nimbus-7, a n d  t h e  i n f r a r e d  s c a n n e r s  o f  t h e  TIROS-N 

w e a t h e r  s a t e l l i t e s  a r e  p r o v i d i n g  d a t a  u s e f u l  t o  t h e  s c i e n t i f i c  

f i s h e r i e s  community.  Appendix  A p r o v i d e s  e x a m p l e s  o f  d a t a  

a v a i l a b l e  f rom many o f  t h e s e  s y s t e m s  and  a  b r i e f  d e s c r i p t i o n  o f  

t h e i r  c a p a b i l i t i e s .  

I n  summary, p h o t o g r a p h i c  a n d  imag ing  s y s t e m s  p r o v i d e  t h e  

f o l l o w i n g  a d v a n t a g e s  a n d  d i s a d v a n t a g e s  f o r  f i s h i n g  v e s s e l  

s u r v e i l l a n c e :  

A d v a n t a a e s  

a .  A e r i a l  p h o t o g r a p h y  c a n  p r o v i d e  a  p o s i t i v e  documented  
i d e n t i f i c a t i o n  o f  a  f i s h i n g  v e s s e l  wh ich  when combined 
w i t h  a  known and  documented  l o c a t i o n  o f  t h e  a i r c r a f t  
w i l l  l o c a t e  t h e  f i s h i n g  v e s s e l .  

b .  S a t e l l i t e  images  c o v e r  a  v a s t  a r e a ,  n e c e s s i t a t i n g  o n l y  a  
few t o  b l a n k e t  PNG1s DFZ 



GOES + SMS VISSR 

o V i s i b l e  
0 I R  

J a p a n e s e  GMS VISSR 

o V i s i b l e  
0 I R  

TIROS-N AVHRR 

0 High R e s o l u t i o n  
o S t a n d a r d  R e s o l u t i o n  

0 czcs 

L a n d s a t  

o MSS 
o  RBV 

S e a s a t  

o  SAR 

A i r b o r n e  SLAR 

o W e s t i n g h o u s e  APQ-97 

A i r b o r n e  Imag ing  S c a n n e r  

o 1 . 0  mrad. a n g u l a r  r e s o l u t i o n  
@ 20 ,000  f e e t  

1 ,000  meters ( 3 , 2 8 1  f e e t )  
8 ,000  meters ( 2 6 , 2 4 8  f ee t )  

1 , 2 5 0  meters ( 4 , 1 0 1  f e e t )  
5 ,000  meters ( 1 6 , 4 0 5  f e e t )  

1 , 1 0 0  meters (3 ,609  f e e t )  
4 ,000  meters (13 ,124  f ee t )  

825 meters ( 2 , 7 0 6  f ee t )  

78 meters (256 f e e t )  
40 meters ( 1 3 1  f e e t )  

25 meters (82  f e e t )  

1 5  meters (50  f e e t )  

6  meters (20  f e e t )  

A e r i a l  P h o t o g r a p h y  

o 1 0 , 0 0 0  f e e t  w i t h  6 - inch  l e n s :  

-- w i t h  25 lines/rnm r e s o l u t i o n  2.6 f e e t  
-- w i t h  630 l ines/mm r e s o l u t i o n  0 . 1  f e e t  

o 40 ,000  f e e t  w i t h  6 - i n c h  l e n s :  

-- w i t h . 2 5  lines/rnrn r e s o l u t i o n  '0.5 f e e t  
-- w i t h  630 lines/rnm r e s o l u t i o n  0.4 f e e t  

T a b l e  7 :  SPATIAL RESOLUTION OF REPRESENTATIVE 
I M A G I N G  AND PHOTOGRAPHIC SENSORS 



D i s a d v a n t a g e s  

a. S p a t i a l  r e s o l u t i o n  o f  a l l  s a t e l l i t e  s c a n n i n g  s y s t e m s  is 
i n s u f f i c i e n t  t o  see f i s h i n g  v e s s e l s .  

b. F r e q u e n c y  o f  c o v e r a g e  o f  m o s t  s a t e l l i t e  s y s t e m s  is 
i n s u f f i c i e n t  t o  m o n i t o r  v e s s e l  movements.  

c. A e r i a l  p h o t o g r a p h y ,  i n  a s e a r c h  o r  r e c o n n a i s s a n c e  mode, 
i s  a n  e x t r e m e l y  slow p r o c e s s  c o v e r i n g  r e l a t i v e l y  smal l  
areas.  D a i l y  c o v e r a g e  o f  PNG's waters i s  i m p o s s i b l e .  

d .  A e r i a l  p h o t o g r a p h y  d o e s  n o t  p r e s e n t  d a t a  i n  real-time. 

e. S a t e l l i t e  image ry  may b e  o b t a i n e d  real-time o n l y  w i t h  
t h e  u s e  o f  e x t r e m e l y  e x p e n s i v e  a n d  s o p h i s t i c a t e d  g r o u n d  
s t a t i o n s .  

R a d i o  D e t e r m i n a t i o n  Methods w i t h  Data R e l a y  -- 

V a r i o u s  r a d i o - d e t e r m i n a t i o n  t e c h n i q u e s  h a v e  b e e n  i n  common 

u s e  a s  s h i p b o a r d  n a v i g a t i o n a l  tools  f o r  many y e a r s .  T h e s e  

t e c h n i q u e s  allow t h e  n a v i g a t o r  t o  d e t e r m i n e  l i n e s  o f  p o s i t i o n  

r e l a t i v e  t o  s y n c h r o n i z e d  p a i r s  o f  r a d i o  t r a n s m i t t e r s  o n  s h o r e .  

T h u s ,  t h e  n a v i g a t i o n a l  f i x  i s  d e t e r m i n e d  o n b o a r d  t h e  s h i p  f rom 

i n f o r m a t i o n  r e c e i v e d  r e m o t e l y .  I n  o r d e r  f o r  a s h o r e - b a s e d  s y s t e m  

t o  m o n i t o r  t h e  l o c a t i o n  o f  t h e  s h i p ,  i t  would b e  n e c e s s a r y  t o  

t r a n s m i t  t o  t h e  m o n i t o r i n g  s y s t e m  t h e  n a v i g a t i o n a l  d a t a  r e c e i v e d  

o n  t h e  s h i p .  Such  a s y s t e m  c o u l d  b e  a u t o m a t e d .  Upon r e c e i v i n g  a 

c o d e d  r e q u e s t  f r o m  t h e  s h o r e  s t a t i o n ,  t h e  a u t o m a t e d  s h i p b o a r d  

s y s t e m  would  r e c e i v e  t h e  a p p r o p r i a t e  r a d i o  d e t e r m i n a t i o n  d a t a  a n d  

r e l a y  i t  t o  t h e  s h o r e  s t a t i o n  w h e r e  i t  c o u l d  b e  r e d u c e d  a n d  

p l o t t e d ,  t h e r e b y  p r o v i d i n g  a remote n a v i g a t i o n a l  f i x  o n  t h e  

p o s i t i o n  o f  t h e  s h i p .  

The  b a s i s  o f  m o s t  o f  t h e  r a d i o - d e t e r m i n a t i o n  p o s i t i o n - f i x i n g  

s y s t e m s  i s  t h a t  i t  is  p o s s i b l e  t o  m e a s u r e  t h e  d i f f e r e n c e  o f  t h e  

d i s t a n c e s  t o  t w o  r a d i o  t r a n s m i t t i n g  s t a t i o n s  wh ich  t r a n s m i t  

s i g n a l s  e i t h e r  s i m u l t a n e o u s l y  o r  w i t h  a known and  f i x e d  l a g .  The  

t i m e  d e l a y  i n  r e c e i v i n g  o n e  s i g n a l  a f t e r  t h e  o t h e r  c o r r e s p o n d s  

d i r e c t l y  t o  a d i f f e r e n c e  i n  d i s t a n c e .  The  l o c i  o f  a l l  p o s i t i o n s  

h a v i n g  a c o n s t a n t  d i s t a n c e  ( t i m e )  d i f f e r e n c e  d e s c r i b e  a h y p e r b o l a  

whose  f o c i  a r e  t h e  t r a n s m i t t i n g  s t a t i o n s .  



The d i f f e r e n c e s  of  d i s t a n c e  a r e  measured  o n  t h e  s u r f a c e  o f  

t h e  E a r t h ,  t a k i n g  i n t o  a c c o u n t  t h e  s h a p e  o f  t h e  E a r t h .  I f  t h e  

s h a p e  o f  t h e  E a r t h  is  c o n s i d e r e d  t o  b e  a  s p h e r e  t h e  l i n e s  o f  

c o n s t a n t  d i f f e r e n c e  i n  d i s t a n c e  a r e  c a l l e d  " s p h e r i c a l  

h y p e r b o l a s " .  I f  t h e  s h a p e  is c o n s i d e r e d  t o  b e  a n  e l l i p s o i d  t h e  

l i n e s  are  c a l l e d  " s p h e r o i d a l  h y p e r b o l a s " .  The l i n e s  are shown o n  

c h a r t s .  

On t h e  c h a r t s ,  t i m e  d i f f e r e n c e s  f o r  h y p e r b o l i c  

p o s i t i o n - f i x i n g  s y s t e m s  a r e  i n d i c a t e d  i n  m i c r o s e c o n d s  o r  o t h e r  

u n i t s  n e a r  t h e  h y p e r b o l a s .  T h i s  e n a b l e s  t h e  n a v i g a t o r  t o  

d e t e r m i n e  f o r  a  c e r t a i n  r e g i o n  t h e  d i s t a n c e  i n  n a u t i c a l  m i l e s  

c o r r e s p o n d i n g  t o  a change  o f ,  s a y ,  1 m i c r o s e c o n d  i n  t h e  t i m e  

d i f f e r e n c e .  F o r  t h i s ,  h e  o n l y  h a s  t o  d i v i d e  t h e  number o f  

n a u t i c a l  mi les  be tween  t h e  t w o  a d j a c e n t  h y p e r b o l a s  n e a r  t h e  

p o s i t i o n  o f  h i s  s h i p  by t h e  d i f f e r e n c e  i n  t h e  m i c r o s e c o n d  v a l u e s  

marked n e a r  t h e  h y p e r b o l a s .  

By m e a s u r i n g  . t h e  d i f f e r e n c e  o f  t h e  d i s t a n c e s  t o  t w o  f i x e d  

p o i n t s  t h e  n a v i g a t o r  i s  f u r n i s h e d  w i t h  a  l i n e  o f  p o s i t i o n  o f  a  

h y p e r b o l i c  c h a r a c t e r .  A s i m i l a r  measurement  t o  t w o  o t h e r  f i x e d  

p o i n t s  g i v e s  a  s e c o n d  l i n e  o f  p o s i t i o n ,  and  t h e  p o i n t  o f  

i n t e r s e c t i o n  o f  t h e  t w o  l i n e s  i s  t h e  p o s i t i o n  o f  t h e  n a v i g a t o r .  . 

Many s u c h  r a d i o - d e t e r m i n a t i o n  s y s t e m s  have  been  d e v i s e d .  

They d i f f e r ,  m a i n l y  i n  t h e i r  methods o f  c a l c u l a t i n g  a t i m e  

d i f f e r e n c e  and  i n  t h e i r  f r e q u e n c y .  Some u s e  p h a s e  d i f f e r e n c e s ;  

some u s e  times o f  f i r s t  a r r i v a l  o f  p u l s e s .  

F r e q u e n c i e s  s t a r t  w i t h  Omega a t  10-14 kHz and  c o n t i n u e  t o  

Loran-C, Loran-D, and  Decca a t  o r  n e a r  100  kHz; and m a r i n e  

n a v i g a t i o n  a n d  p o s i t i o n i n g  s y s t e m s  s u c h  a s  Loran-A, ARGO, L o r a c ,  

Decca  Hi-Fix and  Sea-Fix ,  and  ~ a y d i s t  i n  t h e  r a n g e  from 1 .6  t o  

5.0 MHz. 

The g r e a t e s t  drawback t o  t h e s e  s y s t e m s  i s  t h a t  t h e  v e s s e l  

m u s t  b e  w i t h i n  r a n g e  o f  a t  l e a s t  t w o  p a i r s  o f  t r a n s m i t t e r s .  

T h e s e  s y s t e m s  are  i n  g e n e r a l  e s t a b l i s h e d  o n l y  i n  c e r t a i n  p a r t s  o f  

t h e  w o r l d ,  commonly t h e  h e a v i l y - t r a v e l l e d  s h i p p i n g  l a n e s .  The 

o n l y  s y s t e m  o f  t h i s  t y p e  p r e s e n t l y  c o v e r i n g  t h e  Papua  N e w  Gu inea  

w a t e r s  i s  t h e  Omega sys t em.  



D e t a i l s  o f  t h e  Omega s y s t e m  may be found  i n  s e c t i o n  7.2 a n d  

Appendix D o f  t h i s  r e p o r t .  

6 .2 .3  R e m o t e  R a d i o  F requency  ( r f )  - D e t e r m i n a t i o n  Methods 

T h e r e  a r e  s e v e r a l  means o f  d i r e c t l y  l o c a t i n g  t h e  p o s i t i o n  o f  

a  v e s s e l  f rom a  remote l o c a t i o n  u s i n g  r f  methods .  E i t h e r  a c t i v e  

o r  p a s s i v e  s y s t e m s  may b e  a p p l i c a b l e .  An a c t i v e  s y s t e m  is o n e  

which  a c t i v e l y  e m i t s  a n  r f  s i g n a l  and  t h e n  l i s t e n s  f o r  a  

r e f l e c t e d  r e t u r n  o f  t h a t  s i g n a l .  Rada r  is  s u c h  a n  example.  A 

p a s s i v e  s y s t e m  e m i t s  n o  s i g n a l .  I t  m e r e l y  " l i s t e n s "  t o  s i g n a l s  

e m i t t e d  by o t h e r  s o u r c e s ,  i n  t h i s  c a s e ,  p re sumab ly  f i s h i n g  

v e s s e l s .  An example  is  a  r a d i o  d i r e c t i o n  f i n d e r .  

Two g e n e r a l  p r i n c i p l e s  a r e  u s e d  i n  r a d a r  sets: a  c o n t i n u o u s  

t r a n s m i s s i o n  o f  e l e c t r o m a g n e t i c  r a d i a t i o n  and  t h e  measu re  o f  

p h a s e  s h i f t  o f  r a d i a t i o n  r e t u r n e d  from a  moving t a r g e t ,  and  

d i s c o n t i n u o u s  o r  " p u l s e d "  t r a n s m i s s i o n .  Rada r  sets  u s i n g  

c o n t i n u o u s  t r a n s m i s s i o n  t a k e  a d v a n t a g e  of  t h e  d o p p l e r  e f f e c t ,  by 

which  t h e  f r e q u e n c y  o f  t h e  e c h o  wave is  changed  when t h e  o b j e c t ,  

which  r e f l e c t s  t h e  wave, is  moving toward  o r  away f rom t h e  r a d a r .  

By knowing t h e  f r e q u e n c y  s h i f t  a s  a  f u n c t i o n  o f  t h e  s p e e d ,  i t  is  

p o s s i b l e  t o  d e t e c t  t h e  p r e s e n c e  and  s p e e d  o f  a n  a p p r o a c h i n g  

t a r g e t .  R a d a r  s e t s  u s i n g  d i s c o n t i n u o u s  or " p u l s e d "  r a d i a t i o n  

depend  o n  t h e  a c c u r a t e  measurement  o f  t h e  t i m e  r e q u i r e d  f o r  t h e  

r a d i a t i o n  t o  t r a v e l  t o  t h e  t a r g e t  and  r e t u r n  t o  t h e  set .  Us ing  

t h i s  p r i n c i p a l  combined w i t h  t h e  knowledge o f  t h e  d i r e c t i o n  

( a z i m u t h  a n d  i n c l i n a t i o n )  i n  which  t h e  r a d a r  i s  p o i n t i n g ,  i t  is  

p o s s i b l e  t o  a c c u r a t e l y  d e t e r m i n e  t h e  l o c a t i o n  o f  a  r e f l e c t i n g  

t a r g e t .  

Rada r  is  d e s i r a b l e  f o r  t h e  f o l l o w i n g  r e a s o n s .  I t  is  a n  

a l l - w e a t h e r  s e n s o r .  I t  h a s  t y p i c a l  dynamic r a n g e  o f  70 d b  

compared w i t h  30  d b  f o r  p h o t o g r a p h y .  Maximum a t t e n t u a t i o n  f o r  

heavy r a i n  i s  u p  t o  20 db .  T h e r e  is  l i t t l e  s p e c t r a l  i n f l u e n c e  

f rom t h e  a t m o s p h e r e  a n d  l a r g e  a r e a l  c o v e r a g e  is  p o s s i b l e .  



S i d e l o o k i n g  imaging  r a d a r  (SLAR), was d e v e l o p e d  f o r  u s e  on  

a i r c r a f t  t o  p r o d u c e  a  p h o t o g r a p h - l i k e  image o f  t e r r a i n .  A na r row 

f a n  beam o f  r f  e n e r g y  i s  t r a n s m i t t e d  f rom a n  a n t e n n a  ( " a p e r t u r e " )  

a n d  t h e  r e t u r n  a c r o s s  t h e  " f a n "  i s  imaged o n  a  CRT o s c i l l o s c o p e .  

The  f o r w a r d  m o t i o n  o f  t h e  a i r c r a f t  p e r m i t s  s u c c e s s i v e  p a r a l l e l  

a n d  a d j a c e n t  bands  t o  b e  imaged s e q u e n t i a l l y .  The bands  a r e  

p h o t o g r a p h e d  by a  camera  i n  which t h e  f i l m  moves c o n t i n u o u s l y  a t  

a  u n i f o r m  r a t e  s y n c h r o n i z e d  w i t h  t h e  s p e e d  o f  t h e  a i r c r a f t .  Two 

t y p e s  o f  s i d e l o o k i n g  imaging  r a d a r s  have  b e e n  d e v e l o p e d ;  " r e a l  

a p e r t u r e v t  or " b r u t e  f o r c e n t ,  and " s y n t h e t i c  a p e r t u r e "  o r  

" c o h e r e n t n  s y s t e m s .  

R e a l  a p e r t u r e  r a d a r  u s e s  a  s i n g l e  l a r g e  a n t e n n a  whose s i z e  

i s  p r o p o r t i o n a l  t o  t h e  r e s o l u t i o n  a c h i e v e d .  Rf e n e r g y  

t r a n s m i t t e d  by r e a l  a p e r t u r e  s i d e l o o k i n g  imaging  r a d a r  sets is  

p o l a r i z e d ,  g e n e r a l l y  i n  a  h o r i z o n t a l  o r  v e r t i c a l  p l a n e .  Most 

s e t s  a r e  d e s i g n e d  t o  r e c e i v e  cross p o l a r i z e d  r e t u r n  r a d i a t i o n .  

A l though  t h e  t e r r a i n  image p roduced  by p h o t o g r a p h i n g  t h e  CRT 

o s c i l l o s c o p e  r e s e m b l e s  a n  a e r i a l  p h o t o g r a p h y  o f  t h e  t e r r a i n ,  i t  

d i f f e r s  i n  many r e s p e c t s  f rom a n  a e r i a l  p h o t o g r a p h y ,  b o t h  a s  t o  

geomet ry  and  i n f o r m a  t i o n  c o n t e n t .  Examples  o f  r e a l  a p e r t u r e  

s y s t e m s  a r e  t h o s e  o f  Moto ro l a  (X-band) and  W e s t i n g h o u s e  

(Ka-band) .  

S y n t h e t i c  a p e r t u r e  s i d e l o o k i n g  r a d a r  makes u s e  o f  d o p p l e r  

f r e q u e n c y  s h i f t s  and  a s s o c i a t e d  p h a s e  h i s t o r y  t o  a c h i e v e  t h e  

e f f e c t  o f  a  v e r y  l o n g  a n t e n n a .  The a c t u a l  a n t e n n a  or  a p e r t u r e  

u s e d  may b e  b u t  a  few meters l o n g ,  b u t  t h e  e f f e c t i v e  l e n g t h  t h a t  

i s  a c h i e v e d  e l e c t r o n i c a l l y  is  many times t h e  a c t u a l  l e n g t h ;  

h e n c e ,  t h e  t e r m  " s y n t h e t i c  a p e r t u r e t ' .  A s  t h e  s p a t i a l  r e s o l u t i o n  

o f  a  r e a l  a p e r t u r e  s i d e l o o k i n g  r a d a r  s y s t e m  d e p e n d s  m a i n l y  o n  t h e  

beam w i d t h ,  and  a s  t h e  beam w i d t h  depends  o n  t h e  l e n g t h  o f  t h e  

a n t e n n a  ( a p e r t u r e )  i n  m u l t i p l e s  o f  t h e  w a v e l e n g t h  o f  t h e  r f  

e n e r g y ,  t h e  l o n g e r  t h e  a n t e n n a  ( g r e a t e r  t h e  a p e r t u r e ) ,  t h e  

n a r r o w e r  t h e  beam and  hence ,  t h e  s m a l l e r  t h e  o b j e c t  or f e a t u r e  

t h a t  c a n  b e  r e s o l v e d .  C o n v e r s e l y ,  two or  more o b j e c t s  a t  t h e  

same r a n g e  w i t h i n  t h e  beam formed by a  s i n g l e  p u l s e  ( a n d  t h u s ,  



imaged by a s i n g l e  s c a n )  a re  n o t  d i s t i n g u i s h e d  f rom e a c h  o t h e r .  

The  major a d v a n t a g e  o f  s y n t h e t i c  a p e r t u r e  SLAR is  t h a t  i t s  

a z i m u t h a l  r e s o l u t i o n  i s  i n d e p e n d e n t  o f  r a n g e .  The Goodyear  

X-band SLAR is a n  example  o f  s u c h  a s y s t e m .  

S i d e l o o k i n g  i m a g i n g  r a d a r  s y s t e m s  a r e  commonly i n s t a l l e d  i n  

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

o f  t h e  a i r c r a f t ,  c a n  image a s w a t h  o f  a p p r o x i m a t e l y  60  m i l e s  i n  

w i d t h .  I f  t h e  a i r c r a f t  t r a v e l s  a t  300  mph, a rea  c o v e r e d  e q u a l s  

1 8 , 0 0 0  s q u a r e  m i l e s / h o u r .  I n  4 2  h o u r s  f l i g h t  t i m e ,  t h e  DFZ o f  

PNG may b e  c o v e r e d .  W i t h  a f l e e t  o f  1 0  s u c h  a i r c r a f t ,  t h e  z o n e  

c o u l d  b e  m o n i t o r e d  twice a  d a y .  The cos t  o f  s u c h  a  s y s t e m  ( r a d a r  

a n d  a i r c r a f t )  would  b e  e x t r e m e l y  h i g h .  

S i d e l o o k i n g  r a d a r  p r e s e n t s  a n o t h e r  p rob l em.  E x c e p t  f o r  

c e r t a i n  c l a s s i f i e d  s y s t e m s ,  t h e  images  c a n n o t  b e  i n s p e c t e d  

real-t ime. They m u s t  b e  r e t u r n e d  t.o a b a s e  f o r  r e c o n s t i t u t i o n .  

R a d i o  d i r e c t i o n  f i n d e r s  may b e  u s e d  t o  d e t e r m i n e  t h e  

l o c a t i o n  o f  a remote t r a n s m i t t e r  when i t  is  t r a n s m i t t i n g .  A l l  

o c e a n - g o i n g  v e s s e l s  a r e  e q u i p p e d  w i t h  r a d i o  e q u i p m e n t ,  and  a 

l a r g e  p e r c e n t a g e  a l s o  c a r r y  r a d a r  f o r  n a v i g a t i o n .  R a d i o  

f r e q u e n c i e s  a r e  a l l o c a t e d  f o r  s p e c i f i c  u s e s  by i n t e r n a t i o n a l  

a g r e e m e n t  and  e a c h  r a d i o - e q u i p p e d  v e s s e l  is  a s s i g n e d  a n  
i n t e r n a t i o n a l  r a d i o  c a l l  s i g n  f o r  u s e  i n  i d e n t i f y i n g  i t s  r a d i o  

m e s s a g e s .  L i k e w i s e ,  n a v i g a t i o n a l  r a d a r  f r e q u e n c i e s  a r e  c o n f i n e d  

t o  s p e c i f i e d  b a n d s  a n d  t h e  k i n d  o f  r a d a r  ( a n d  i t s  

c h a r a c t e r i s t i c s )  c a r r i e d  by a p a r t i c u l a r  v e s s e l  c a n  f r e q u e n t l y  b e  

d e t e r m i n e d  f rom o f f i c i a l  o r  s e m i - o f f i c i a l  r e c o r d s .  

The f o r e g o i n g  c i r c u m s t a n c e s  r a i s e  t h e  p o s s i b i l i t y  o f  

d e t e c t i n g  a n d / o r  c l a s s i f y i n g  f o r e i g n  f i s h i n g  v e s s e l s  by 

i n s p e c t i n g  and  a n a l y z i n g  t h e i r  r a d i o  or r a d a r  e m i s s i o n s .  Two 

t e c h n i q u e s  a re  p o t e n t i a l l y  app1ic:able .  One, b a s e d  o n  d i r e c t i o n  

f i n d i n g ,  p r o v i d e s  a means f o r  d e t e r m i n i n g  t h e  p o s i t i o n  o f  

d e t e c t e d  t a r g e t s .  The  s e c o n d  i n v o l v e s  t h e  c l a s s i f i c a t i o n  o f  a 

d e t e c t e d  t a r g e t  o n  t h e  b a s i s  o f  i n f o r m a t i o n  d e r i v e d  f rom 

i n t e r c e p t  o f  i t s  r a d i o  t r a n s m i s s i o n s .  Both  t e c h n i q u e s  c a n  b e  

combined i n  a s i n g l e  s y s t e m .  



The  t e c h n o l o g y  f o r  b o t h  t h e  v e s s e l  r a d i o  and r a d a r  equ ipmen t  

a n d  e q u i p m e n t  f o r  d i r e c t i o n  f i n d i n g  and  communica t ions  

i n t e r c e p t i o n  and a n a l y s i s  i s  h i g h l y  d e v e l o p e d  and  numbers of  

s y s t e m s  h a v e  b e e n  d e v e l o p e d  b o t h  f o r  mil i tary and  c i v i l i a n  'use .  

D i r e c t i o n  f i n d e r s  and  i n t e r c e p t / a n a l y s i s  equ ipmen t  c a n  be  

o p e r a t e d  o n  s h o r e  o r  from f l o a t i n g  o r  a i r b o r n e  p l a t f o r m s .  

A r a d i o  d i r e c t i o n  f i n d e r  c o n s i s t s  o f  a  r e c e i v e r  and  a n t e n n a  

s y s t e m  u s e d  t o g e t h e r  t o  d e t e r m i n e  t h e  d i r e c t i o n  o f  incoming  r a d i o  

waves.  S i m p l e  d i r e c t i o n  f i n d e r s  may u s e  a  l o o p  a n t e n n a  or  a  

series o f  l o o p  a n t e n n a s .  The a n t e n n a  i s  r o t a t e d  a b o u t  a  v e r t i c a l  

a x i s  u n t i l  t h e  a m p l i t u d e  o f  t h e  r e c e i v e d  s i g n a l  maximizes .  A t  

t h i s  p o i n t ,  t h e  p l a n e  o f  t h e  l o o p  i n t e r s e c t s  o r  p o i n t s  toward t h e  

t r a n s m i t t e r .  When t h e  l o o p  r e c e i v e s  no  s i g n a l ,  i ts  p l a n e  is 90  

f rom t h e  d i r e c t i o n  of  t h e  t r a n s m i t t e r .  More s o p h i s t i c a t e d  

s y s t e m s  may employ d i r e c t i o n a l  p a r a b o l i c  d i s h  a n t e n n a s  which  

r e c e i v e  s i g n a l s  o n l y  f rom t h e  d i r e c t i o n  i n  which  t h e y  a r e  

p o i n t i n g .  ~t any o n e  t i m e ,  a  s i n g l e  d i r e c t i o n  f i n d e r  c a n  p r o v i d e  

a s i n g l e  l i n e  o f  p o s i t i o n .  S e v e r a l  d i r e c t i o n  f i n d e r s  i n  

d i f f e r e n t  l o c a t i o n s  s i m u l t a n e o u s l y  r e c e i v i n g  t h e  same s i g n a l  c a n  

p r o v i d e  s e v e r a l  l i n e s  o f  p o s i t i o n  which w i l l  i n t e r s e c t  a t  t h e  

l o c a t i o n  o f  t h e  t r a n s m i t t e r .  L i k e w i s e ,  a s i n g l e  d i r e c t i o n  f i n d e r  

moving a t  a h i g h  s p e e d  r e l a t i v e  t o  t h e  t r a n s m i t t e r  ( a s  i n  a n  

a i r c r a f t )  c a n  p l o t  s e v e r a l  l i n e s  o f  p o s i t i o n  o v e r  a s h o r t  p e r i o d  

o f  t i m e  and  t h e r e b y  a l s o  t r i a n g u l a t e  a  p o s i t i o n .  

Any r a d i o  f r e q u e n c y  t r a n s m i s s i o n  may b e  u s e d  by a  d i r e c t i o n  

f i n d e r  a s  l o n g  a s  t h e  r e c e i v e r  is c a p a b l e  o f  r e c e i v i n g  t h a t  

f r e q u e n c y .  Such  t r a n s m i s s i o n s  m i g h t  i n c l u d e  v o i c e  or  c w  

t r a n s m i s s i o n s ,  r a d i o  b e a c o n s  p l a c e d  o n b o a r d  t h e  v e s s e l ,  or  t h e  

v e s s e l ' s  own r a d a r  s y s t e m .  One m u s t  f i r s t  d e t e r m i n e  t h e  

f r e q u e n c y  o n  which  t h e  t a r g e t  i s  t r a n s m i t t i n g ,  t u n e  h i s  r e c e i v e r  

a c c o r d i n g l y ,  a n d  t h e n  d e t e r m i n e  t h e  d i r e c t i o n .  I n o r d e r  t o  

d e t e r m i n e  t h e  f r e q u e n c y ,  o n e  may u s e  a  f r e q u e n c y  s c a n n e r ,  a 

r e c e i v e r  which  r a p i d l y  s c a n s  a l l  f r e q u e n c i e s  and i n d i c a t e s  t h o s e  

which  a re  t r a n s m i t t i n g .  



The  p r o p a g a t i o n  r a n g e  o f  r a d i o  and  r a d a r  s i g n a l s  d e p e n d s  

l a r g e l y  o n  t h e  r a d i o  f r e q u e n c y .  I n  g e n e r a l ,  r a d i o  f r e q u e n c i e s  

a b o v e  a b o u t  30 MHz a re  l i m i t e d  t o  l i n e - o f - s i g h t .  However, 

d e p e n d i n g  o n  i o n o s p h e r i c  c o n d i t i o n s ,  r a d i o  f r e q u e n c i e s  below 30 

MHz (HF) may p r o p a g a t e  by skywave w e l l  beyond l i n e - o f - s i g h t  and  

i n t e r n a t i o n a l  b o u n d a r i e s .  B e c a u s e  o f  e x t e n d e d  r a n g e  skywave 

p r o p a g a t i o n ,  HF d i r e c t i o n  f i n d i n g  (DF) h a s  t h e  p o t e n t i a l  t o  c o v e r  

l a r g e  a reas  o f  e a r t h .  However, t h i s  area c o v e r a g e  i s  c o n s t r a i n e d  

by s i g n a l  f r e q u e n c y ,  t i m e  o f  d a y ,  s e a s o n  o f  t h e  y e a r ,  l a t i t u d e ,  

a n d  s u n - s p o t  c y c l e .  Thus ,  a reas  o f  i m m e d i a t e  i n t e r e s t  may n o t  b e  

a c c e s s i b l e  f o r  h o u r s ,  mon ths ,  o r  y e a r s  f rom a l a n d - b a s e d  DF 

s t a t i o n .  The  l i n e - o f - s i g h t  r a n g e  f o r  s i g n a l s  above  a b o u t  30 MHz 

r e q u i r e s  t h a t  t h e  d i r e c t i o n  f i n d e r  b e  w i t h i n  l i n e - o f - s i g h t  f o r  

s i g n a l  i n t e r c e p t  a n d  DF. T h i s  r a n g e  c a n  b e  e x t e n d e d  by t h e  u s e  

o f  a i r b o r n e  a n d  s p a c e  p l a t f o r m s .  

T h e  t e c h n i q u e  f o r  HF r a d i o  d i r e c t i o n  f i n d i n g  is h i g h l y  

d e v e l o p e d .  A DF ne twork  c o n s i s t s  o f  t w o  o r  more DF s t a t i o n s ,  

wh ich  a re  t i e d  t o g e t h e r  v i a  a c o m m u n i c a t i o n s  s y s t e m .  The 

e x c h a n g e  o f  s i g n a l  f r e q u e n c y ,  a n d  s i g n a l  b e a r i n g  i n f o r m a t i o n  

b e t w e e n  t h e  DF s t a t i o n s ,  a l lows t h e  l o c a t i o n  o f  t h e  s i g n a l  s o u r c e  

t o  b e  d e t e r m i n e d  by t r i a n g u l a t i o n .  The  s o p h i s t i c a t i o n  o f  t h e  DF 

n e t w o r k  r a n g e s  f rom one-man, m a n u a l l y - o p e r a t e d ,  p o r t a b l e  DF 

s t a t i o n s  t o  h i g h l y - a u t o m a t e d ,  f  i x e d - s i t e ,  DF s t a t i o n s  e a c h  

c o s t i n g  s e v e r a l  m i l l i o n s  o f  d o l l a r s .  

Most mi l i t a ry  s u r v e i l l a n c e  s e r v i c e s  h a v e  a i r b o r n e  HF, VHF, 

a n d  microwave  DF s y s t e m s .  Modern s y s t e m s  u s e  o n b o a r d  d i g i t a l  

c o m p u t e r s  t o  t u n e  r a d i o  r e c e i v e r s ,  make DF m e a s u r e m e n t s ,  a p p l y  

known c o r r e c t i o n s ,  and  t o  e x c h a n g e  d a t a  b e t w e e n  o t h e r  a i r b o r n e  

s y s t e m s  f o r  real-time t r i a n g u l a t i o n .  T h e s e  s y s t e m s  n o t  o n l y  p l o t  

l i n e s  o f  p o s i t i o n  t o  t r a n s m i t t e r s ,  b u t  p e r f o r m  a n a l y s e s  o f  t h e  

s i g n a l  t o  a l l o w  u n i q u e  i d e n t i f i c a t i o n  o f  r a d a r  t y p e s  and  i n  some 

u n u s u a l  cases, i d e n t i f i c a t i o n  o f  u n i q u e  t r a n s m i t t e r s .  

An a i r b o r n e  p l a t f o r m  a t  20 ,000  f o o t  a l t i t u d e  w i l l  h ave  a 

l i n e - o f - s i g h t  r a n g e  of  1 7 5  n a u t i c a l  miles and w i l l  be  a b l e  t o  

r e c e i v e  r a d i o  s i g n a l s  from a n  a rea  o f  9 5 , 0 0 0  s q u a r e  m i l e s .  Wi th  



a  p l a t f o r m  s p e e d  o f  300 k n o t s  i t  i s  p o s s i b l e  t o  have  a  

l i n e - o f - s i g h t  a c c e s s  to  200,000 s q u a r e  miles o f  s e a  s u r f a c e  p e r  

h o u r .  Two o r  more a i r b o r n e  p l a t f o r m s  c a n  be  used  t o  d e c r e a s e  t h e  

t i m e  t o  i n t e r c e p t  and  l o c a t e  a n  emit ter .  T h e s e  a i r c r a f t  c a n  be 

f l o w n  a t ,  s a y  1 0 0 - m i l e  s e p a r a t i o n  and  c a n  be  c o o r d i n a t e d  i n  DF 

o p e r a t i o n  so  t h a t  a  n e a r  i n s t a n t e o u s  t r i a n g u l a t i o n  may b e  made. 

T h i s  t y p e  o f  o p e r a t i o n  r e q u i r e s  a n  a i r - t o - a i r  d a t a  l i n k  

be tween  t h e  a i r c r a f t .  P r e f e r a b l y ,  o n e  a i r c r a f t  i s  t h e  m a s t e r  

i n t e r c e p t o r  a n d  c o n t r o l s  t h e  r e c e i v e r  t u n i n g  and  d i r e c t i o n  f i n d e r  

o p e r a t i o n  i n  t h e  s l a v e  a i r c r a f t  v i a  a  d i g i t a l  d a t a  l i n k .  A 

s i n g l e  a i r b o r n e  p l a t f o r m  may be  used  t o  t a k e  one ,  or more, DF 

c u t s  o n  t h e  e m i t t e r  a s  t h e  a i r c r a f t  f l i e s  a  known p a t h .  

S i n c e  most s h i p - t o - s h o r e  r a d i o  communica t ions  a r e  i n f r e q u e n t  

a n d  of  s h o r t  d u r a t i o n ,  t h e y  a r e  d i f f i c u l t  t o  u s e  f o r  DF p u r p o s e s .  

R a d a r  s y s t e m s  a r e  a n o t h e r  m a t t e r .  

A d i s c u s s i o n  of  t h e  o p e r a t i o n a l  u t i l i t y  o f  r f  d i r e c t i o n  

f i n d i n g  s y s t e m s  is p r e s e n t e d  i n  S e c t i o n  7 .3 .1  o f  t h i s  r e p o r t .  

6 .2 .4  D o p p l e r  S h i f t  S a t e l l i t e  Methods -- w i t h  D a t a  R e l a y  

D o p p l e r  s h i f t  n a v i g a t i o n  is a  p a s s i v e  t e c h n i q u e  r e l y i n g  on  

t h e  p r i n c i p l e  t h a t  t h e  o r b i t s  of  e a r t h  s a t e l l i t e s  f o l l o w  p r e c i s e  

l a w s .  I f  o n e  knows t h e  s a t e l l i t e  o r b i t ,  d o p p l e r  s h i f t  

measurement  of  t h e  s i g n a l  e m a n a t i n g  f rom t h e  s a t e l l i t e  c a n  b e  

u s e d  t o  d e t e r m i n e  o n e ' s  p o s i t i o n  o n  t h e  e a r t h .  The d o p p l e r  s h i f t  

e x p e r i e n c e d  by a  s i g n a l  r e c e i v e d  a t  a  f i x e d  p o i n t  o n  t h e  e a r t h ' s  

s u r f a c e  f rom a n  o r b i t i n g  s a t e l l i t e  may be e x p r e s s e d  by t h e  

f o r m u l a :  



where:  

Af  i s  t h e  d o p p l e r  s h i f t  i n  Hz 

f o  i s  t h e  c a r r i e r  f r e q u e n c y  i n  Hz 

v, = t h e  r e l a t i v e  v e l o c i t y  b e t w e e n  t h e  s a t e l l i t e  a n d  t h e  

f i x e d  p o i n t  

a n d  c = t h e  s p e e d  o f  l i g h t  ( i n  t h e  same u n i t s  a s  v,).  

S a t e l l i t e s  i n  n e a r - e a r t h  o r b i t s  ( a r o u n d  600 N M )  h a v e  a  

t a n g e n t i a l  v e l o c i t y  o f  3 . 86  NM p e r  s e c o n d .  T h i s  would  p r o d u c e  

a r e l a t i v e  v e l o c i t y  (v , )  of a b o u t  3 .28  NM p e r  s e c o n d  b e t w e e n  a  

p o i n t  o n  t h e  e a r t h ' s  s u r f a c e  a n d  t h e  s a t e l l i t e  a s  i t  a p p e a r s  t o  

rise o v e r  t h e  h o r i z o n  f r o m  t h a t  p o i n t .  From t h e  a b o v e  e q u a t i o n ,  

t h i s  would  p r o d u c e  a d o p p l e r  s h i f t  o f  20 .2  x  1 0 - ~ x  f  . Assuming 

a ca r r i e r  f r e q u e n c y  f o  o f  1 5 0  MHz, t h e  maximum d o p p l e r  s h i f t  

u n d e r  t h e  a b o v e  c o n d i t i o n s  would be a b o u t  3  KHz. 

T h e  U . S .  Navy N a v i g a t i o n  S a t e l l i t e  S y s t e m  (NVSS), be t te r  

known a s  TRANSIT, e m p l o y e s  t h i s  d o p p l e r  t e c h n i q u e  w i t h  a series 

of p o l a r  o r b i t  s a t e l l i t e s  o r b i t i n g  t h e  e a r t h  a t  a n o m i n a l  

a l t i t u d e  of 1 1 0 0  km. S t a b l e  ca r r i e r  f r e q u e n c i e s  o f  1 5 0  a n d  400  

MHz are r a d i a t e d  from t h e  s a t e l l i t e s  and  r e c e i v e d  by s p e c i a l l y  

d e s i g n e d  s h i p b o a r d  r e c e i v e r s  w h i c h  m e a s u r e  t h e  d o p p l e r  s h i f t  

a g a i n s t  a n  o f f s e t  f r e q u e n c y  o f  known v a l u e .  The  d o p p l e r  s h i f t  is  

p l o t t e d  a s  a f u n c t i o n  o f  t i m e  a n d  t h e  s h i p ' s  p o s i t i o n  computed 

f rom t h i s  d a t a  p l u s  t h e  o r b i t a l  p a r a m e t e r s  o f  t h e  s a t e l l i t e .  

S i n c e  t h e  d o p p l e r  s h i f t  t e c h n i q u e  r e q u i r e s  o n l y  t h a t  t h e  

v e h i c l e  r e c e i v e  a n d  m e a s u r e  t h e  s i g n a l  c h a r a c t e r i s t i c s ,  i t  i s  

r e l a t i v e l y  immune f r o m  jamming, w i l l  p e r m i  t a n  u n l i m i t e d  number 

o f  u s e r s ,  a n d  e l i m i n a t e s  a l l  c h a n c e  o f  d i s c l o s u r e  o f  v e h i c l e  

l o c a t i o n .  M o t i o n  by t h e  r e c e i v i n g  p l a t f o r m  m u s t  be a c c u r a t e l y  

a c c o u n t e d  f o r .  

D e t a i l s  o n  t h e  TRANSIT s y s t e m  may be f o u n d  i n  S e c t i o n  7 .2  

a n d  Append ix  D of t h i s  r e p o r t .  



The s y s t e m  o f  t h e  f u t u r e  is t h e  NAVSTAR G l o b a l  P o s i t i o n i n g  

Sys t em (GPS).  A l though  i t  is n o t  y e t  o p e r a t i o n a l ,  i t  may 

r e v o l u t i o n i z e  n a v i g a t i o n  w i t h  i ts  p o t e n t i a l  a c c u r a c y .  I t  c a n n o t  

b e  c o n s i d e r e d  f o r  t h e  p r e s e n t  f i s h i n g  v e s s e l  s u r v e i l l a n c e  

r e q u i r e m e n t ,  b u t  i t  may b e  a n  o p t i o n  f o r  f u t u r e  s y s t e m s .  

GPS w i l l  c o n s i s t  o f  a c o n s t e l l a t i o n  o f  s a t e l l i t e s ,  a m a s t e r  

c o n t r o l  s t a t i o n ,  f o u r  t r a c k i n g  s t a t i o n s  ( i n c l u d i n g  o n e  a t  m a s t e r  

c o n t r o l ) ,  a n  u p l o a d  s t a t i o n  ( a l s o  a t  m a s t e r  c o n t r o l ) ,  and a n  

u n l i m i t e d  number o f  u s e r s .  The s a t e l l i t e s  w i l l  b r o a d c a s t  

n a v i g a t i o n  i n f o r m a t i o n  c o n t i n u o u s l y  so t h a t  any  u s e r  l o c a t e d  i n  

any  p a r t  o f  t h e  w o r l d  w i l l  b e  a b l e  t o  compute n e a r - r e a l - t i m e  

f i x e s  a t  any  t i m e .  I n  a d d i t i o n ,  t i m e  d i s s e m i n a t i o n  a c c u r a t e  t o  

- f r a c t i o n s  o f  m i c r o s e c o n d s  w i l l  b e  made a v a i l a b l e .  

A t o t a l  o f  2 4  s a t e l l i t e s ,  e i g h t  i n  e a c h  o f  t h r e e  c i r c u l a r  
-- p l a n e s ,  and  a p p r o x i m a t e l y  20,000 k i l o m e t e r s  i n  r a d i u s ,  w i l l  

c o m p r i s e  t h e  s p a c e  segment .  T h i s  w i l l  e n s u r e  t h a t  a t  l e a s t  s i x  

- s a t e l l i t e s  w i l l  b e  " . v i s i b l e w  a t  any g i v e n  l o c a t i o n  and  t i m e .  The 

f i r s t  o f  t h e s e  s a t e l l i t e s  w a s  l a u n c h e d  i n  t h e  summer o f  1977 .  By 

- 1981 ,  9-11 s a t e l l i t e s  a r e  t o  b e  i n  o r b i t ,  p r o v i d i n g  p e r i o d i c  

p r e c i s e  t h r e e - d i m e n s i o n a l  and  c o n t i n u o u s  coarse two-d imens iona l  

c a p a b i l i t y .  
-. 

U s e r  e q u i p m e n t  d e v e l o p m e n t  is p r e s e n t l y  u n d e r  c o n t r a c t  t o  

t h e  U.S. D e p a r t m e n t  o f  Defense .  The i n i t i a l  u s e r  sets w i l l  b e  
-..- 

u s e d  e x c l u s i v e l y  f o r  tests and  e v a l u a t i o n  by t h e  DOD and  

DOD-contracted a g e n c i e s .  P r e s e n t  c o n t r a c t s  are  f o r  s i x  classes 

o f  e q u i p m e n t  wh ich  a r e  f o r  h i g h  a c c u r a c y ,  medium dynamics  o f  

u s e r ;  h i g h  a c c u r a c y ,  h i g h  dynamics  o f  u s e r ;  medium a c c u r a c y ,  

medium dynamics  o f  u s e r  ( l o w  cos t ) ;  h i g h  a c c u r a c y ,  l o w  dynamics  

o f  u s e r ;  a manpack; and  s u b m a r i n e  a p p l i c a t i o n s .  The GPS u s e r  

e q u i p m e n t  w i l l  b e  q u i t e  d i f f e r e n t  f rom TRANSIT equ ipmen t .  I n  

a d d i t i o n  t o  t h e  d i f f e r e n t  f r e q u e n c i e s ,  s i g n a l  s t r u c t u r e  and  

m o d u l a t i o n  methods ,  t h e  o u t s t a n d i n g  d i f f e r e n c e s  be tween  t h e  

s y s t e m s  a r e  t h a t  GPS o p e r a t e s  o n  t h r e e  or  f o u r  s a t e l l i t e  s i g n a l s  

s i m u l t a n e o u s l y  a s  compared t o  o n e  f o r  TRANSIT, and  t h e  r a n g i n g  

method is  o n e  o f  "pseudo- rang ing"  f o r  GPS w h e r e a s  TRANSIT 

o p e r a t e s  o n  d o p p l e r  i n f o r m a t i o n .  



The b a s i s  of  GPS r a n g i n g  i s  t h a t  t h e  s a t e l l i t e s  t r a n s m i t  

t i m e  t i c k s  w i t h  a  " t a g "  which i n d i c a t e s  t h e  t i m e  i t  was 

t r a n s m i t t e d .  The u s e r  equ ipmen t  d e t e r m i n e s  r a n g e s  t o  t h e  

s a t e l l i t e s  by m e a s u r i n g  t h e  d i f f e r e n c e  be tween t h e  t i m e  t h a t  t h e  

s i g n a l  ( t i c k )  is t r a n s m i t t e d  and t h e  t i m e  t h a t  i t  i s  r e c e i v e d  

( d i s t a n c e  e q u a l s  t i m e  mu1 t i p l i e d  by s i g n a l  p r o p a g a t i o n  v e l o c i t y ) .  

I f  t h i s  is done  f o r  t h r e e  s a t e l l i t e s  ( t h r e e  l i n e s  a d e q u a t e l y  

d e f i n e  a  p o i n t ) ,  a  p o s i t i o n  i s  d e s c r i b e d  which  is i n  e r r o r  by t h e  

amount p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  be tween  t h e  u s e r  and 

s a t e l l i t e  c l o c k s .  T i m e  c a n  be  s o l v e d  by r a n g i n g  o n  o n e  

a d d i t i o n a l  s a t e l l i t e  ( 4  e q u a t i o n s ,  4  unknowns, X ,  Y, and Z 

c o o r d i n a t e s  and  t i m e ) .  S i n c e  e a c h  s i g n a l  c o n t a i n s  a  t i m e - b i a s  

e r r o r ,  t h e  i n d i v i d u a l l y  d e t e r m i n e d  r a n g e s  a r e  c a l l e d  

pseudo- ranges .  

P r e s e n t  p r e d i c t i o n s  a r e  t h a t  GPS w i l l  p r o v i d e  i n s t a n t a n e o u s  

t h r e e - d i m e n s i o n a l  f i x  a c c u r a c y  of  a b o u t  1 3  meters, t w o - s  igma ( 8  

meters i n  t h e  h o r i z o n t a l  p l a n e ) ,  when d u a l - f r e q u e n c y  f o u r  

s a t e l l i t e  r e c e p t i o n  t e c h n i q u e s  a r e  o b s e r v e d .  Accuracy 

p r e d i c t i o n s  have  become b e t t e r  a s  t h e  GPS program h a s  d e v e l o p e d  

and  improved error r e d u c t i o n  t e c h n i q u e s  have  b e e n  d e v e l o p e d .  The 

f i n a l  r e s u l t  may be t h a t  t h e  s y s t e m  w i l l  p r o v i d e  be t t e r  a c c u r a c y  

t h a n  t h a t  p r e s e n t l y  p r o j e c t e d .  

I n  t h e  c a s e  o f  e i t h e r  TRANSIT o r  GPS, t h e  s y s t e m  i s  d e s i g n e d  

t o  p r o v i d e  l o c a t i o n a l  i n f o r m a t i o n  onboard  t h e  s h i p .  I n  o r d e r  f o r  

a  remote o b s e r v e r  t o  m o n i t o r  t h e  l o c a t i o n  o f  t h e  s h i p ,  h e  mus t  

have  t h a t  d a t a  r e l a y e d  t o  h i s  m o n i t o r i n g  p o s t  i n  much t h e  same 

manner a s  t h a t  d e s c r i b e d  i n  S e c t i o n  6.2.2.  

6 .2 .5  R e m o t e  Dopp le r  S h i f t  Methods 

I n  t h e  d o p p l e r  s a t e l l i t e  methods p r e v i o u s l y  d i s c u s s e d ,  t h e  

s a t e l l i t e  t r a n s m i t s  a  f r e q u e n c y  which  is r e c e i v e d  by t h e  

s h i p b o a r d  r e c e i v e r .  The r e c e i v e r  m e a s u r e s  f r e q u e n c y  s h i f t  and  

c a l c u l a t e s  a  l i n e  o f  p o s i t i o n  f o r  t h e  r e c e i v e r ,  knowing i n  

a d v a n c e  t h e  p o s i t i o n  of t h e  s a t e l l i t e .  I f  t h i s  p r o c e s s  is 



r e v e r s e d ,  t h e n  i t  is p o s s i b l e  f o r  t h e  s a t e l l i t e  t o  d e t e r m i n e  t h e  

p o s i t i o n  of  a  g round-based  t r a n s m i t t e r .  A t r a n s m i t t e r ,  p l a c e d  

a b o a r d  a  s h i p  c a n  t r a n s m i t  t h e  f i x e d  f r e q u e n c y .  The  s a t e l l i t e  

c a n  r e c e i v e  t h e  s i g n a l ,  c a l c u l a t e  d o p p l e r  i n f o r m a t i o n  and 

t r a n s m i t  t h e  i n f o r m a t i o n  t o  a  s h o r e  s t a t i o n .  

T h i s  i s  t h e  p r i n c i p l e  b e h i n d  t h e  p o s i t i o n - l o c a t i n g  

c a p a b i l i t i e s  o f  t h e  Nimbus-7 and TIROS-N s a t e l l i t e  series.  

Nimbus is a  p r o t o t y p e  NASA e x p e r i m e n t a l  s a t e l l i t e .  TIROS-N is  a n  

o p e r a t i o n a l  o u t g r o w t h  o f  t h e  NIMBUS e x p e r i m e n t .  TIROS-N, which  

is  p r i m a r i l y  a n  imaging  w e a t h e r  s a t e l l i t e ,  is o p e r a t e d  by t h e  

U.S. N a t i o n a l  O c e a n i c  and Atmosphe r i c  A d m i n i s t r a t i o n  ( N O A A ) .  

One o f  t h e  i n s t r u m e n t  s y s t e m s  onboa rd  is  t h e  ARGOS D a t a  

C o l l e c t i o n  Sys tem.  The ARGOS s y s t e m  h a s  t w o  p r i m a r y  f u n c t i o n s .  

I t  l o c a t e s ,  by means o f  t h e  d o p p l e r  s h i f t ,  t h e  p o s i t i o n  o f  

c e r t a i n  t y p e s  o f  r a d i o  t r a n s m i t t e r s  and t h e n  a c t s  a s  a  d a t a  r e l a y  

t o  r e t r a n s m i t  d i g i t a l  d a t a  p r o v i d e d  by t h e  t r a n s m i t t e r  s y s t e m .  

The  ARGOS s y s t e m  r e q u i r e s  a  c o o p e r a t i v e  t a r g e t .  The v e s s e l  

( m u s t  i n s t a l l  a  s m a l l  r a d i o  t r a n s m i t t e r  which  i n t e r m i t t a n t l y  

t r a n s m i t s  a  s t r i n g  o f  d i g i t a l  d a t a  a t  a  p r e c i s e  f r e q u e n c y .  The 

d i g i t a l  d a t a  c o n t a i n s  i n fo rma  t i o n  r e g a r d i n g  v e s s e l  

i d e n t i f i c a t i o n ,  and  any p e r i p h e r a l  d a t a  d e s i r e d ,  s u c h  a s  

d i g i t i z e d  d a t a  f rom a  series o f  o c e a n o g r a p h i c  s e n s o r s .  The r a d i o  

r e c e i v e r  o n b o a r d  t h e  s a t e l l i t e  r e c e i v e s  t h e  d a t a  and  c a l c u l a t e s  

t h e  d o p p l e r  s h i f t .  I t  t h e n  d o e s  t w o  t h i n g s  s i m u l t a n e o u s l y .  I t  

s tores  t h e  d a t a  o n  a n  onboa rd  t a p e  r e c o r d e r  f o r  l a t e r  

t r a n s m i s s i o n  t o  a  g round  s t a t i o n  i n  F r a n c e  a n d  i t  i m m e d i a t e l y  

r e t r a n s m i t s  t h e  d a t a  t o  any l o c a l  r e c e i v i n g  s t a t i o n  w i t h i n  r a n g e .  

The  r e c e i v i n g  s t a t i o n  r e c e i v e s  t h e  d a t a  f rom t h e  s a t e l l i t e .  

The d a t a  c o n s i s t s  o f  t r a n s m i t t e r  I D ,  s e v e r a l  d o p p l e r  s h i f t  

measurements ,  and  t h e  p e r i p h e r a l  d a t a .  A m i c r o c o m p u t e r  a t  t h e  

r e c e i v i n g  s t a t i o n  t h e n  c a l c u l a t e s  t h e  l a t i t u t d e ,  l o n g i t u d e ,  and 

e l e v a t i o n  o f  e a c h  t r a n s m i t t e r .  

D e t a i l s  o f  t h e  t e c h n i c a l  a s p e c t s  o f  t h e  TIROS-N ARGOS s y s t e m  

may b e  found  i n  Appendix B a n d  s e c t i o n  7 .1  o f  t h i s  r e p o r t .  



7.0 RECOMMENDED ALTERNATIVE SURVEILLANCE AND MONITORING SYSTEMS 

The  a p p l i c a b i l i t y  o f  e a c h  o f  t h e  t e c h n i q u e s  i n v e s t i g a t e d  h a s  

b e e n  summarized i n  T a b l e  8. Each t e c h n i q u e  h a s  b e e n  e v a l u a t e d  i n  

r e g a r d  t o  i t s  c a p a b i l i t y  t o  s a t i s f y  t h e  g e n e r a l  s y s t e m  

r e q u i r e m e n t s  o u t l i n e d  i n  S e c t i o n  6.1.  An i n s p e c t i o n  o f  t h i s  

t a b l e  a l l o w s  o n e  t o  e a s i l y  d i s c a r d  v a r i o u s  t e c h n i q u e s  and  t o  

se lec t  t h o s e  which  s h o u l d  b e  p u r s u e d .  T a b l e  9 o u t l i n e s  r e l a t i v e  

s u r v e i l l a n c e  r a t e s  ( s q u a r e  m i l e s  c o v e r e d / h o u r )  o f  a l l  a i r b o r n e  

s y s t e m s  which were c o n s i d e r e d .  A more d e t a i l e d  e x p l a n a t i o n  o f  

a i r b o r n e  c o v e r a g e  is found i n  S e c t i o n  8.0 o f  t h i s  r e p o r t .  T h i s  

i n f o r m a t i o n  a l l o w s  o n e  t o  estimate t h e  number o f  c o n t i n u o u s l y  

o p e r a t i n g  s e a r c h  u n i t s  r e q u i r e d  t o  c o v e r  t h e  DFZ f o r  any  

p a r t i c u l a r  f r e q u e n c y  o f  l o c a t i o n .  

A e r i a l  p h o t o g r a p h i c ,  imaging  and  v i s u a l  methods  c a n  b e  

d i s c a r d e d  b e c a u s e  o f  t h e i r  l o w  s u r v e i l l a n c e  r a t e  and  c o n s e q u e n t  

h i g h  cost. Imaging  f rom s a t e l l i t e s  c a n n o t  i d e n t i f y  o r  locate a 

v e s s e l  b e c a u s e  o f  l & n i  t a t i o n s  o f  s p a t i a l  r e s o l u t i o n .  Imaging  

r a d a r  c a n n o t  e a s i l y  i d e n t i f y  v e s s e l s ,  p r o v i d e  d a t a  i n  r e a l  t i m e  

o r  g a t h e r  m e a n i n g f u l  o c e a n o g r a p h i c  d a t a  and  i ts  cost  is h i g h .  

T h i s  l e a v e s  a s  p o s s i b i l i t i e s  o n l y  OMEGA or  TRANSIT w i t h  d a t a  

r e l a y s  and  t h e  TIROS-N ARGOS s y s t e m  f o r  c o o p e r a t i v e  t a r g e t s .  

De ta i l s  r e g a r d i n g  t h e s e  s y s t e m s  a r e  i n c l u d e d  i n  t h i s  s e c t i o n .  

The  b e s t  a l t e r n a t i v e s  f o r  t h e  n o n - c o o p e r a t i v e  t a r g e t s  a r e  

s u r f a c e  s e a r c h  ( s e a  s u r v e i l l a n c e )  r a d a r  and  p a s s i v e  R F  d i r e c t i o n  

f i n d i n g .  The d i r e c t i o n  f i n d i n g  t e c h n i q u e  is commonly r e f e r r e d  t o  

by many o t h e r  names, among them e l e c t r o n i c  i n t e l l i g e n c e  (ELINT),  

e l e c t r o n i c  d e t e c t i o n ,  e l e c t r o m a g n e t i c  i n t e r c e p t ,  and  e l e c t r o n i c  

s i g n a l  m o n i t o r i n g  ( E S M )  . A t  l e a s t  o n e  s p e c i a l  p u r p o s e  

s u r v e i l l a n c e  a i r c r a f t  would b e  r e q u i r e d  w i t h  t h e s e  s y s t e m s .  

The PNG F i s h e r i e s  ~ i v i s i o n  is s e r i o u s l y  c o n s i d e r i n g  t h e  

p u r c h a s e  o f  a m a r i t i m e  s u r v e i l l a n c e  a i r c r a f t .  A l though  n o t  a  

formal r e q u i r e m e n t  o f  t h i s  s t u d y ,  a b r i e f  a n a l y s i s  o f  c a n d i d a t e  

a i r c r a f t  h a s  been  i n c l u d e d  a s  S e c t i o n  7.4 o f  t h i s  r e p o r t .  Such  

a n  a n a l y s i s  is  n e c e s s a r y  t o  i n s u r e  t h a t  t h e  a i r c r a f t  is  

c o m p a t i b l e  w i t h  t h e  o p e r a t i o n a l  r e q u i r e m e n t s  o f  t h e  recommended 

s u r v e i l l a n c e  s y s t e m s .  
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Capability Capability Peripheral 
t o to Frequency Surveil- Real- (Oceanographic) Capital Cost 
Identify Locate o f System lance Time Data Gathering Cooperation Range of 

Alternative Techni q ues Vessel Vessel Location Capacity Rate Data Capability Required Total System 

Visual (from aircraft) Yes Yes LOW Yes No No High 

Aerial Photography Yes Yes Low No Yes No High aircraft 

Aerial Imaging Yes , Yes Low Yes yes No High 

Satellite Imaging N/A Medium Pos- 
sible 

Yes 

Yes 

No Very low - 
very high 

Yes Yes As often 
as 
desired 

Unlim- High 
i ted 

Yes Yes Medium OMEGA with Data 
Relay 

Vessel must Medium - High 
be actively 
transmitting 

Passive RF Direction 
03 
4 Finders 

Possible Yes As often 
as 
desired 

Unlim- High 
ited 

Yes 

No No Medium - High Surface Search Radar No Yes As often 
as 
desired 

Unlim- High 
i ted 

Yes 

Limited No ~igh** Imaging Radar No Yes Dependent 
on # of 
aircraft 

Unlim- Medium 
ited 

TRANSIT.with data 
Relay 

yes Yes As often 
as . 
desired 

Unlim- High 
i ted 

Yes Yes Yes Medium 

TIQOS-N ARGOS Yes Yes 4 Hours 400 High 
vessels 

Yes . Yes Yes Low 

LOW = < $500,000 

Medium = $500,000 - $2,000,000 
High = > $2,000,000 

** Including cost of surveillance aircraft 

Table 8: SUMMARY CHART 



Instantaneous 
Coveraqe 

Aerial Photography: 

6 "  lens @ 10,000 ft. 8 mi 2 

6 "  lens @ 30,000 ft. 73 mi 2 

Imaging Scanner with 
12O0FOV @ 10,000 ft. 

Surface Search Radar 
00 @ 10,000 ft. 
00 

6.5 mi swath 

200 mi swath * 

SLAR 60 mi swath 

Airborne DF @ :  

10,000 ft. 
* 

250 mi swath 

* 
20,000 ft. 350 mi swath 

* 
30,000 ft. 430 mi swath 

* Assumes length of flight path >>  radius of coverage 

Speed 
(mph) 

Table 9: SURVEILLANCE RATES WITH AIRBORNE TECHNIQUES 



7 .1  TIROS-N ARGOS D a t a  C o l l e c t i o n  Sys tem 

The ARGOS D a t a  C o l l e c t i o n  Sys tem o f  TIROS-N a p p e a r s  t o  b e  

t h e  most a p p r o p r i a t e  s y s t e m  f o r  m o n i t o r i n g  t h e  l o c a t i o n  of  

c o o p e r a t i v e  v e s s e l s  f rom b o t h  t e c h n i c a l  and  cost  s t a n d p o i n t s .  

The  o n l y  d r a w b a c k s  t o  i m p l e m e n t a t i o n  o f  t h i s  s y s t e m  a r e  t h e  

p r e s e n t  u n c e r t a i n t i e s  r e g a r d i n g  p e r m i s s i o n  t o  u s e  t h e  s y s t e m  and 

t h e  p o s s i b l e  l i m i t a t i o n s  o f  s y s t e m  c a p a c i l i t y  s h o u l d  i t  b e  

implemented  o n  a  r e g i o n a l  (mu1 t i - n a t i o n )  b a s i s .  The l a t t e r  

d rawbacks  c a n  p r o b a b l y  b e  overcome w i t h  i n g e n i o u s  m o d i f i c a t i o n s  

t o  t h e  o p e r a t i o n  o f  t h e  s y s t e m  and  t o  t h e  d e s i g n  o f  t h e  

t r a n s m i t t e r s .  A c c o r d i n g l y ,  w e  recommend t h a t  t h e  Government  of  

Papua  N e w  G u i n e a  p r o c e e d  w i t h  a p p r o p r i a t e  a c t i o n s  t o  s e c u r e  

p e r m i s s i o n  t o  u s e  t h e  s y s t e m .  Should  t h e s e  e f f o r t s  f a i l ,  i t  may 

b e  n e c e s s a r y  t o  f a l l  back  t o  t h e  s e c o n d  recommended s y s t e m  f o r  

c o o p e r a t i v e  t a r g e t s ,  t h e  TRANSIT/OMEGA s y s t e m  d e s c r i b e d  i n  - 

S e c t i o n  7 .2 .  

I m p l e m e n t a t i o n  o f  t h e  ARGOS DCS w i l l  r e q u i r e  e a c h  

c o o p e r a t i n g  v e s s e l  t o  i n s t a l l  a  g o v e r n m e n t - s u p p l i e d  P l a t f o r m  

T r a n s m i t t e r  T e r m i n a l  (PTT) . I n  a d d i t i o n ,  t h e  gove rnmen t  mus t  

i n s t a l l  and  o p e r a t e  a  s a t e l l i t e  r e c e i v i n g  s t a t i o n  f o r  t h e  ARGOS 

d a t a .  I t  i s  e s t i m a t e d  t h a t  a  s i n g l e  r e c e i v i n g  s t a t i o n  w i l l  

p r o v i d e  more t h a n  s u f f i c i e n t  c o v e r a g e  f o r  a l l  o f  t h e  w a t e r s  o f  

PNG's DFZ. Appendix B c o n t a i n s  t e c h n i c a l  i n f o r m a t i o n  r e g a r d i n g  

t h i s  s y s t e m .  

The b i g g e s t  u n c e r t a i n t y  w i t h  t h i s  s y s t e m  is a c c e s s  t o  t h e  

s a t e l l i t e .  I t  is c o n t r o l l e d  by t h e  ARGOS committee made up  o f  

r e p r e s e n t a t i v e s  f r o m  NASA, NOAA, and  t h e  F r e n c h  g o v e r n m e n t a l  

agency  f o r  s p a c e ,  CNES. T h i s  committee r e q u i r e s  t h e  u s e r  t o  show 

t h a t  a t  l eas t  p a r t  o f  t h e  r e a s o n  f o r  u s i n g  t h e  s a t e l l i t e  is to  

t r a n s m i t  e n v i r o n m e n t a l  d a t a .    his s h o u l d  c a u s e  n o  p r o b l e m s  s i n c e  

a  m a j o r  p o r t i o n  o f  t h e  e f f o r t  w i l l  b e  d i r e c t e d  toward  g a t h e r i n g  

o c e a n o g r a p h i c  d a t a .  Once a c c e s s  is g r a n t e d  t o  t h e  s a t e l l i t e ,  

o p e r a t i o n a l  s a t e l l i t e  s y s t e m s  a r e  g u a r a n t e e d  a t  l e a s t  u p  t h r o u g h  

1 9 8 5  by i n t e r a g e n c y  a g r e e m e n t s .  Append ices  8-2 a n d  B-3 c o n t a i n  

t h e  forms  n e c e s s a r y  t o  meet t h e  r e q u i r e m e n t s  o f  t h e  ARGOS s y s t e m .  



7.1.1 P l a t f o r m  T r a n s m i t t e r  T e r m i n a l  (PTT) - 

The h e a r t  o f  t h e  ARGOS DCS s y s t e m  is t h e  P l a t f o r m  

T r a n s m i t t e r  T e r m i n a l .  T h i s  is a  s m a l l  r a d i o  t r a n s m i t t e r  

o p e r a t i n g  a t  a p r e c i s e  401.650 MHz f r e q u e n c y .  Every  40-60 

s e c o n d s  ( d e t e r m i n e d  by u s e r ) ,  i t  t r a n s m i t s  a d i g i t a l  message 

which c a n  v a r y  f rom 360-920 msec. i n  l e n g t h .  T h i s  message 

c o n t a i n s  d i g i t a l l y  encoded  d a t a  i n c l u d i n g  a p l a t f o r m  I D  ( m a n u a l l y  

p r e - s e t  by u s e r )  and  from f o u r  t o  3 2  e i g h t - b i t  d a t a  s t r i n g s  from 

e n v i r o n m e n t a l  s e n s o r  o r  m a n u a l l y - c o n t r o l l e d  d a t a  s w i t c h e s .  Each 

o f  t h e  32  e i g h t - b i t  d a t a  s t r i n g s  c a n  b e  used  t o  r e l a y  s e n s o r  o r  

o t h e r  d a t a  coded  from 0  t o  255.  F o r  example ,  i f  o n e  wi shed  t o  

t r a n s m i t  d i g i t a l  t e m p e r a t u r e  d a t a  o v e r  t h e  r a n g e  o f  40°F t o  

100"F ,  o n e  s i n g l e  e i g h t - b i t  d a t a  s e t  ( b y t e )  c o u l d  h a n d l e  t h i s  

r a n g e  i n  o n e - q u a r t e r  d e g r e e  i n c r e m e n t s  ( 6 0  d i f f e r e n c e  x  4  = 240 

u n i q u e  t e m p e r a t u r e s ) .  

I f  i t  was n e c e s s a r y  t o  t r a n s m i t  g r e a t e r  t h a n  32 b y t e s ,  a 

s w i t c h i n g  d e v i c e  c o u l d  b e  employed. Assuming a 1 0  m i n u t e  p a s s  by 

TIROS-N a n d  a s suming  t h a t  t h e  messages  a r e  t r a n s m i t t e d  o n c e  p e r  

m i n u t e ,  i t  is  c o n c e i v a b l e  t h a t  1 0  x  3 2  o r  320 b y t e s  c o u l d  b e  

t r a n s m i t t e d  by s e q u e n t i a l l y  s w i t c h i n g  t o  a  d i f f e r e n t  32 b y t e  

s t r i n g  o n  e a c h  o f  t h e  1 0  t r a n s m i s s i o n s .  

One o f  t h e  f i r m  r e q u i r e m e n t s  o f  t h e  ARGOS committee f o r  u s e  

o f  t h e  s y s t e m  is  t h a t  i t  b e  u s e d  t o  co l l ec t  e n v i r o n m e n t a l  d a t a .  

The  mere l o c a t i o n  o f  f i s h i n g  v e s s e l s  t o  p r o t e c t  a  c o u n t r y ' s  

n a t i o n a l  i n t e r e s t  is  - n o t  s u f f i c i e n t  t o  o b t a i n  p e r m i s s i o n .  

However, o n e  of  t h e  g o a l s  o f  t h i s  program is t o  o b t a i n  f r e q u e n t  

o c e a n o g r a p h i c  d a t a  and  c a t c h  i n f o r m a t i o n  a s  w e l l  a s  l o c a t i o n .  I n  

o r d e r  t o  d o  so, t h e  PTT sys t em must  have ,  a s  a n  i n t e g r a l  p a r t ,  a  

c a p a b i l i t y  t o  co l l ec t  o r  i n p u t  s u c h  i n f o r m a t i o n .  

I t  is a n t i c i p a t e d  t h a t  t h e  PTT s y s t e m  w i l l  b e  compr i sed  o f  

t h r e e  b a s i c  e l e m e n t s ,  a  series o f  o c e a n o g r a p h i c  s e n s o r s  l i n k e d  t o  

t h e  t r a n s m i t t e r ,  a p r o v i s i o n  t o  manua l ly  i n p u t  c a t c h  d a t a  

( w e i g h t ,  s p e c i e s ,  e t c . ) ,  a l s o  l i n k e d  t o  t h e  t r a n s m i t t e r ,  and  t h e  

t r a n s m i t t e r .  Most o f  t h e  modular  e l e m e n t s  o f  t h i s  s y s t e m  a l r e a d y  



e x i s t .  The m a j o r  d e s i g n  r e q u i r e d  t o  p r o d u c e  t h i s  s y s t e m  w i l l  

encompass  i n t e r f a c e  and  p a c k a g i n g .  

The b a s i c  t r a n s m i t t e r  is p roduced  by s e v e r a l  companies ,  

among them Handar ,  I n c .  and  P o l a r  R e s e a r c h  L a b o r a t o r y  o f  t h e  

U n i t e d  S t a t e s .  I n f o r m a t i o n  r e g a r d i n g  t h e s e  p r o d u c t s  i s  t o  b e  

f o u n d  i n  Appendix B-5 The t r a n s m i t t e r  is a  r a t h e r  s i m p l e ,  s m a l l  

a n d  compact  u n i t .  P h o t o s  1 3  and  1 4  show a n  i n t e r n a l  view o f  a  

Handa r  t r a n s m i t t e r .  The o u t s i d e  d i m e n s i o n s  o f  t h e  c a s e  a r e  

a p p r o x i m a t e l y  1 5 "  x  6 "  x  2" .  The o n l y  o t h e r  components  n e c e s s a r y  

f o r  a work ing  t r a n s m i t t e r  a r e  a n  a e r i a l  ( a b o u t  6"  i n  l e n g t h )  and  

a  b a t t e r y  p a c k .  B a t t e r i e s  a r e  a v a i l a b l e  t o  power t h e  s y s t e m  

r e l i a b l y  f o r  o v e r  o n e  y e a r .  The c a s e s  a s  s e e n  i n  P h o t o s  1 3  and  

1 4  a r e  n o t  w e a t h e r p r o o f .  The t r a n s m i t t i n g  u n i t  i s  commonly 

h o u s e d ,  w i t h  b a t t e r i e s ,  i n  w e a t h e r p r o o f  c o n t a i n e r s  s u c h  a s  s e e n  

i n  P h o t o s  1 5 ,  1 6 ,  and  1 7 .  P h o t o s  1 5  and  1 6  show t h e  Handar  

t r a n s m i t t e r  w i t h  a  r e p r e s e n t a t i v e  w a t e r t i g h t  c o n t a i n e r .  

A wide  v a r i e t y  o f  e n v i r o n m e n t a l  s e n s o r s  may b e  i n t e r f  a c e d  

w i t h  t h e  t r a n s m i t t e r .  V i r t u a l l y  any d e v i c e  h a v i n g  a n  e l e c t r i c a l  

o u t p u t  c a n  b e  so i n t e r f a c e d .  S e v e r a l  t y p e s  o f  s e n s o r s  a r e  

commonly p r o v i d e d  a s  a c c e s s o r i e s  w i t h  t h e  PTT's  m a n u f a c t u r e d  i n  

t h e  U.S. They i n c l u d e  s e a  s u r f a c e  t e m p e r a t u r e ,  a i r  t e m p e r a t u r e ,  

b a r o m e t r i c  p r e s s u r e ,  and  i n t e r n a l  b a t t e r y  v o l t a g e .  T h e s e  and  

o t h e r  p a r a m e t e r s  may p r o v i d e  i n f o r m a t i o n  v a l u a b l e  t o  t h e  f i s h e r y  

management community.  O t h e r  p a r a m e t e r s  may i n c l u d e  pHI s a l i n i t y ,  

d i s s o l v e d  oxygen ,  and  t o t a l  o r g a n i c  c a r b o n .  I d e a l l y ,  any s e n s o r  

i n s t a l l e d  w i t h  t h e  PTT s h o u l d  b e  a u t o m a t e d  s u c h  t h a t  n o  manual  

o p e r a t i o n  or c a l i b r a t i o n  is r e q u i r e d .  

C e r t a i n  t y p e s  o f  d a t a  mus t  be  m a n u a l l y  i n p u t .  C a t c h  d a t a  is 

o n e  s u c h  t y p e .  D i g i t a l  thumbwheel s w i t c h e s  c a n  b e  i n s t a l l e d  o n  

t h e  e x t e r i o r  o f  t h e  PTT c o n t a i n e r .  T h e s e  s w i t c h e s  c a n  b e  u s e d  t o  

i n p u t  t o n s  o f  f i s h  c a u g h t ,  number o f  f i s h  c a u g h t ,  s c h o o l s  

chummed, s c h o o l s  f i s h e d ,  b u c k e t s  o f  b a i t ,  s e a  c o n d i t i o n ,  number 

o f  b a s k e t s ,  number o f  hooks ,  s p e c i e s  o f  f i s h  ( b y  c o d e ) ,  t i m e  o f  

d a y  f i s h  were c a u g h t ,  e t c .  A f u r t h e r  r e f i n e m e n t  m i g h t  b e  t o  add  

a n  a d d i t i o n a l  c o d e  whee l  t o  a u t o m a t i c a l l y  p a s s  r e q u e s t s  or 
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emergency i n f o r m a t i o n  t o  s h o r e .  P h o t o  1 7  shows a  p r o t o t y p e  USCG 

s y s t e m  d e s i g n e d  i n  t h i s  manner. On t h e  l e f t  i s  t h e  w a t e r t i g h t  

c o n t a i n e r  and  a n t e n n a  f o r  t h e  s y s t e m .  The t r a n s m i t t e r  and 

d i g i t a l  s e n s o r  i n t e r f a c e  is o n  t h e  r i g h t .  I n  t h e  c e n t e r  is  t h e  

manual  i n p u t  box. I t  h a s  thumbwheel s w i t c h e s ,  a s  d e s c r i b e d ,  and  

a n  emergency t o g g l e  s w i t c h  which  c a n  b e  u s e d  t o  a u t o m a t i c a l l y  

s e n d  a d i s t r e s s  c a l l  t o  t h e  ARGOS s h o r e  s t a t i o n .  

The  t e c h n o l o g y  and  many o f  t h e  components  of  t h i s  s y s t e m  a r e  

" o f f - t h e - s h e l f "  and  c o m m e r c i a l l y  a v a i l a b l e .  However, t h e  ARGOS 

s y s t e m  is s u f f i c i e n t l y  new t h a t  most PTT s y s t e m s  r e q u i r e  some 

cus tom d e s i g n .  T h i s  is p a r t i c u l a r l y  t r u e  f o r  t h e  i n t e r f a c e s  and  

c o n t a i n e r  d e s i g n .  S p e c i f i c  s e n s o r s  mus t  b e  chosen .  The 

i n t e r f a c e  mus t  b e  d e s i g n e d  t o  match  t h e i r  o u t p u t s  w i t h  t h e  

r e q u i r e d  f o r m a t  o f  t h e  d i g i t a l  PTT s y s t e m .  S e n s o r  i n s t a l l a t i o n  

p r o c e d u r e s  mus t  b e  d e v i s e d  t o  r e q u i r e  a  minimum o f  cus tom work 

f o r  e a c h  d i f f e r e n t  v e s s e l .  

7.1.2 ARGOS DCS R e c e i v i n g  S t a t i o n  

DCP d a t a  may b e  o b t a i n e d  i n  t w o  d i f f e r e n t  ways. One may 

, p u r c h a s e  t h e  d a t a  f rom CNES i n  F r a n c e  or  o n e  may i n s t a l l  h i s  own 

r e c e i v i n g  s t a t i o n  t o  d i r e c t l y  r e c e i v e  t h e  d a t a  f rom t h e  

s a t e l l i t e .  I n  o r d e r  t o  r e c e i v e  t h e  d a t a  i n  r e a l  t i m e  and  a t  a  

r e a s o n a b l e  cost ,  i t  is recommended t h a t  PNG i n s t a l l  i ts  own 

r e c e i v i n g  s t a t i o n .  

The r e c e i v i n g  s t a t i o n s  f o r  t h e  ARGOS s y s t e m  a r e  c o m p l e t e l y  

s e l f - c o n t a i n e d  a u t o m a t e d  s y s t e m s .  They c o n s i s t  o f  a  d i r e c t a b l e  

a n t e n n a ,  a  r a d i o  r e c e i v e r ,  a decommuta tor ,  a  m i c r o p r o c e s s o r ,  and 

a n  i n p u t / o u t p u t  t e r m i n a l .  The m i c r o p r o c e s s o r  c o n t r o l s  t h e  e n t i r e  

s y s t e m .  I t  c a l c u l a t e s  i n  a d v a n c e  when and  a t  w h a t  a z i m u t h  t h e  

s a t e l l i t e  w i l l  r ise o v e r  t h e  h o r i z o n .  I t  t u r n s  o n  t h e  r e c e i v e r  

a n d  p o i n t s  t h e  a n t e n n a  i n  t h e  p r o p e r  d i r e c t i o n  a t  t h e  a p p r o p r i a t e  

t i m e .  The r e c e i v e r  r e c e i v e s  t h e  d a t a  f rom t h e  s a t e l l i t e .  The  

decommuta tor  and  m i c r o p r o c e s s o r  d e t e r m i n e  s e v e r a l  l i n e s  o f  



p o s i t i o n  f rom t h e  d o p p l e r  d a t a  and  c a l c u l a t e  l a t i t u d e ,  l o n g i t u d e ,  

a n d  h e i g h t .  The p e r i p h e r a l  d a t a  i s  r e c e i v e d ,  p r o c e s s e d  and  

p r i n t e d .  Af t e r  t h e  p a s s ,  t h e  m i c r o p r o c e s s o r  c a l c u l a t e s  t h e  n e x t  

p a s s  and  w a i t s .  

S t a n d - a l o n e  s y s t e m s  s u c h  as  t h i s  c a n  b e  p u r c h a s e d ,  w i t h  a l l  

n e c e s s a r y  s o £  t w a r e ,  f rom b o t h  t h e  F r e n c h  CNES and  f rom a n  

Amer ican  f i r m ,  Old  Dominion Sys t ems ,  I n c .  Old  Dominion h a s  

s u p p l i e d  t h e  s y s t e m s  p r e s e n t l y  i n  u s e  by NASA a t  Goddard 

S p a c e f l i g h t  C e n t e r  and  by t h e  U .  S. C o a s t  Guard .  T h e s e  s y s t e m s  

a re  c a p a b l e  o f  r e c e i v i n g  t h e  ARGOS d a t a  f rom b o t h  TIROS-N a n d  

f rom Nimbus, t h e  e x p e r i m e n t a l  NASA s a t e l l i t e .  

The  VHF a n t e n n a  s y s t e m  is  r e l a t i v e l y  s m a l l .  I t  i s  a  t w i n  

cross d i p o l e  c i r c u l a r l y  p o l a r i z e d  y a g i  a n t e n n a  a p p r o x i m a t e l y  8 '  x  

1 2 '  i n  s i z e .  I t  i s  mounted o n  a d i r e c t a b l e  a z i m u t h / e l e v a t i o n  

mount c o n t r o l l e d  by t h e  m i c r o p r o c e s s o r .  P h o t o s  1 8  a n d  1 9  show 

t h e  a n t e n n a s  p r e s e n t l y  i n  u s e  a t  b o t h  NASA/Goddard and  a t  t h e  Old  

Dominion o f f i c e s .  

The  r e m a i n d e r  o f  t h e  r e c e i v i n g  s t a t i o n  i s  mounted i n  a 

s i n g l e  s t a n d a r d  e l e c t r o n i c  e q u i p m e n t  r a c k  w i t h  t h e  e x c e p t i o n  o f  

t h e  p r i n t e r  t e r m i n a l  or  o p t i o n a l  v i d e o  t e r m i n a l .  I n c l u s i o n  o f  

o p t i o n a l  d a t a  r e c o r d i n g  and  d i a g n o s t i c  t e s t  e q u i p m e n t  may r e q u i r e  

a second  r a c k .  Appendix 8-6 p r o v i d e s  a b r i e f  d e s c r i p t i o n  o f  t h e  

Old  Dominion i t e m .  P h o t o s  20 t h r o u g h  26 show v a r i o u s  v i e w s  o f  

s y s t e m s  i n s t a l l e d  a t  t h e  USCG O c e a n o g r a p h i c  U n i t ,  NASA/Goddard, 

and  t h e  Old  Dominion o f f  ices. P h o t o s  27 shows t y p i c a l  o u t p u t  

f rom t h e  p r i n t e r .  

The a c c u r a c y  o f  t h e  ARGOS s y s t e m  i n  l o c a t i n g  a p l a t f o r m  

depends  o n  how p r e c i s e l y  t h e  compu te r  "knows" t h e  correct 

p o s i t i o n  of  t h e  s a t e l l i t e  d u r i n g  t h e  t i m e  o f  t h e  p a s s .  

 heo ore tical c a l c u l a t i o n s  c a n  p r e d i c t  i n  a  rough  manner  where  t h e  

s a t e l l i t e  s h o u l d  be ,  b u t  t h i s  i s  n o t  s u f f i c i e n t  t o  maximize t h e  

a c c u r a c y  o f  t h e  s y s t e m .  I n  o r d e r  t o  d o  so, o n e  m u s t  u s e  

r e f e r e n c e  t r a n s m i t t e r s .  S e v e r a l  PTT's  are  p l a c e d  a t  p r e c i s e l y  

known l o c a t i o n s  t h r o u g h o u t  t h e  a r e a  o f  i n t e r e s t .  A s  t h e  

s a t e l l i t e  comes o v e r ,  i t  " l o c a t e s "  t h e s e  t r a n s m i t t e r s .  The 



Photo 18 - GODDARD ARGOS R E C E I V I N G  ANTENNA 

P h o t o  19- OLD DOMINION 
R E C E I V I N G  ANTENNA 
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P h o t o  20  - USCG ARGOS 
RECEIVING STATION 

P h o t o  2 1  - NASA GODDAXD ARGOS 
R E C E I V I N G  STATION 

P h o t o  2 2  - R E C E I V E R ,  DECOMMUTATOR 
AND PROCESSOR 

P h o t o  23 - TAPE RECORDER AND 
T E S T  CRT 
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Photo  2 4  - OLD DOMINION SYSTEMS MICROPROCESSOR 

P h o t o  2 5  - OLD DOMINION SYSTEPIS 
MICROPROCESSOR AND CRT 
KEYBOARD 
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P h o t o  26  - ARGOS RECEIVER OLD DOMINION SYSTEMS 

P h o t o  27  - MICROPROCESSOR L I N E P R I N T E R  OUTPUT 
( P l a t f o r m  I D ,  L a t i t u d e ,  L o n g i t u d e ,  H e i g h t )  
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r e c e i v i n g  s t a t i o n  r e c o g n i z e s  t h a t  t h e s e  are  r e f e r e n c e s .  U s i n g  

t h e  known p o s i t i o n  o f  t h e  r e f e r e n c e  t r a n s m i t t e r s ,  i t  r e c a l c u l a t e s  

t h e  a c t u a l  p o s i t i o n  o f  t h e  s a t e l l i t e  f r o m  t h e  s a t e l l i t e ' s  

" l o c a t i o n 1 '  o f  t h e  r e f e r e n c e  t r a n s m i t t e r ,  by e s s e n t i a l l y  w o r k i n g  

backwards .  Once t h e  a c t u a l  p o s i t i o n  o f  t h e  s a t e l l i t e  is so  

c a l c u l a t e d ,  t h e  r e c e i v i n g  s t a t i o n  p r o c e e d s  t o  c a l c u l a t e  t h e  

a c t u a l  p o s i t i o n s  o f  t h e  o t h e r  PTT,'s. 

T h e  s t a n d a r d  r e c e i v i n g  s t a t i o n  p r o v i d e d  by O l d  Dominion 

S y s t e m s  i s  l i m i t e d  t o  r e c e p t i o n  o f  data  f rom 50 PTT's .  T h i s  is a  

f u n c t i o n  o f  t h e  s t o r a g e  space i n  t h e  c o m p u t e r .  A s  t h e  r e c e i v e r  

r e c e i v e s  d a t a  f r o m  t h e  s a t e l l i t e ,  i t  m u s t  i m m e d i a t e l y  s tore  i t  

s i n c e  t h e  d a t a  p r o c e s s i n g  t i m e  f o r  e a c h  PTT is much l o n g e r  t h a n  

i t s  t r a n s m i s s i o n  t i m e .  A l s o ,  a c a p a b i l i t y  o f  50 PTT's  h a s  seemed 

s u f f i c i e n t  s i n c e  n o  o n e  h a s  e v e r  o p e r a t i o n a l l y  r e q u i r e d  more t h a n  

50 a t  a n y  o n e  t i m e .  T h i s  p r o b l e m  c a n  b e  overcome by t h e  s i m p l e  

a d d i t i o n  o f  more memory t o  t h e  c o m p u t e r  s y s t e m .  Such  a d e c i s i o n  

s h o u l d  b e  made a t  t h e  t i m e  o f  p u r c h a s e .  

7.1.3 S y s t e m  I n s t a l l a t i o n ,  O p e r a t i o n  a n d  M a i n t e n a n c e  

T h e  PTT 's  would b e  i n i t i a l l y  i n s t a l l e d  o n  e a c h  o f  t h e  

c o o p e r a t i v e  v e s s e l s ,  o n  o t h e r  p l a t f o r m s  s u c h  a s  t h e  m i l i t a r y  

pa t ro l  b o a t s ,  a n d  f i s h - a t t r a c t i n g  r a f t s ,  and  a s  r e f e r e n c e  

b e a c o n s .  I n s t a l l a t i o n  of t h e  PTT i t s e l f  w i l l  b e  v e r y  s i m p l e .  

S i n c e  i t  w i l l  b e  s e l f - c o n t a i n e d  ( b a t t e r i e s  i n c l u d e d ) ,  i t  w i l l  

o n l y  b e  n e c e s s a r y  t o  b o l t  i t  t o  a  p r o t e c t e d  l o c a t i o n ,  i n s t a l l  i ts 

a n t e n n a  a n d  r u n  a c a b l e  b e t w e e n  t h e  t w o .  

T h e  o c e a n o g r a p h i c  s e n s o r s  may b e  a n o t h e r  m a t t e r .  D e p e n d e n t  

o n  t h e  g e n e r a l  a n d  s p e c i f i c  t y p e s  o f  s e n s o r s  d e s i r e d ,  i t  may b e  

n e c e s s a r y  t o  mount  p r o b e s  e i t h e r  t h r o u g h  t h e  h u l l  o r  o v e r  t h e  

s i d e .  D e c i s i o n s  r e g a r d i n g  t h e s e  f a c t o r s  m u s t  b e  p o s t p o n e d  u n t i l  

s p e c i f i c  s e n s o r s  are s e l e c t e d .  T h i s  s h o u l d  b e  o n e  o f  t h e  

s u b j e c t s  t o  b e  a d d r e s s e d  i n  a  f o l l o w - o n  d e s i g n  p h a s e .  



C e r t a i n  PTT's  s h o u l d  b e  i n s t a l l e d  a s  r e f e r e n c e  p l a t f o r m s .  

I d e a l l y ,  t h e y  s h o u l d  be  s p a c e d  i n  a n  e q u i d i s t a n t  g r i d  o v e r  t h e  

p r i m e  a r e a  o f  i n t e r e s t .  Seven  r e f e r e n c e s  s h o u l d  b e  s u f f i c i e n t .  

A s u g g e s t e d  p l a c e m e n t  i n c l u d e s  Wewak, Manus, R a b a u l ,  Lae,  P o r t  

Moresby ,  K i e t a ,  a n d  T a g u l a  (see F i g u r e  1 0 ) .  

A s i t e  f o r  t h e  r e c e i v i n g  s t a t i o n  m u s t  b e  c h o s e n .  P o r t  

Moresby a p p e a r s  t o  b e  s a t i s f a c t o r y .  F i g u r e  11 shows t h e  

e x p e c t e d  r a n g e  o f  t h e  s y s t e m  i f  t h e  r e c e i v i n g  s t a t i o n  i s  p l a c e d  

a t  Moresby. The i n n e r  c i r c l e  d e f i n e s  a n  a r e a  o f  almost c e r t a i n  

r e c e p t i o n  and  t h e  o u t e r  c i r c l e  d e f i n e s  a n  a r e a  o f  p r o b a b l e  

r e c e p t i o n .  A s  c a n  b e  s e e n ,  t h e  i n n e r  c i r c l e ,  c e n t e r e d  a t  

Moresby ,  more t h a n  c o v e r s  t h e  e n t i r e  DFZ o f  Papua  N e w  Gu inea .  A s  

a m a t t e r  o f  i n t e r e s t ,  c o v e r a g e  o f  a  s e c o n d  r e c e i v i n g  s t a t i o n  h a s  

a l s o  b e e n  p l o t t e d .  I t s  c e n t e r  l i e s  o n  P a g o  Pago.  I t  a p p e a r s  

t h a t  t w o  s u c h  r e c e i v i n g  s t a t i o n s  would p r o v i d e  c o v e r a g e  o v e r  m o s t  

o f  t h e  e n t i r e  a r e a  o f  t h o s e  c o u n t r i e s  c o m p r i s i n g  t h e  S o u t h  

P a c i f i c  Commission.  . 

The  a n t e n n a  f o r  t h e  r e c e i v i n g  s t a t i o n  m u s t  be p l a c e d  o n  h i g h  

g r o u n d  s u c h  t h a t  any  b l o c k a g e  f rom s u r r o u n d i n g  t e r r a i n  rises no 

h i g h e r  t h a n  1 0 "  above  t h e  h o r i z o n .  T h e r e  a p p e a r  t o  b e  s e v e r a l  

s u c h  s i tes  i n  t h e  v i c i n i t y  of P o r t  Moresby. 

I n s t a l l a t i o n  a n d  c h e c k o u t  o f  t h e  r e c e i v i n g  s t a t i o n  s h o u l d  

t a k e  n o  l o n g e r  t h a n  t w o  weeks.  I n s t a l l a t i o n  o f  t h e  PTT's  w i l l  

d e p e n d  o n  many f a c t o r s ,  t h e  most i m p o r t a n t  o f  wh ich  is t h e  

c o m p l e x i t y  o f  t h e  s e n s o r s .  I n s t a l l a t i o n  t i m e  c o u l d  v a r y  f rom o n e  

d a y  t o  o n e  week p e r  v e s s e l .  

O p e r a t i o n  o f  t h e  s y s t e m  w i l l  b e  q u i t e  s i m p l e .  

T h e o r e t i c a l l y ,  t h e  r e c e i v i n g  s t a t i o n  w i l l  o p e r a t e  automa t i c a l l y  

a n d  u n a t t e n d e d .  However, i t  is  a d v i s a b l e  t o  h a v e  a n  i n d i v i d u a l  

a v a i l a b l e  d u r i n g  t h e  t i m e s  o f  t h e  p a s s e s  t o  m o n i t o r  t h e  o p e r a t i o n  

a n d  a s s i s t  i f  n e c e s s a r y .  The s y s t e m  w i l l  b e  g a t h e r i n g  

i n f o r m a  t i o n  2 4  h o u r s / d a y  o n  a p p r o x i m a t e  3-4  h o u r  i n t e r v a l s .  I t  

is  recommended t h a t  a minimum o f  t h r e e  i n d i v i d u a l s  b e  t r a i n e d  i n  

o p e r a t i o n  o f  t h e  s y s t e m .  T h e s e  s h o u l d  be m i d d l e - l e v e l  

p r o f e s s i o n a l s  h a v i n g  some g e n e r a l  backg round  i n  c o m p u t e r  

programming a n d  o p e r a t i o n s .  
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Figure  1 0 :  RECOMMENDED P O S I T I O N S  OF REFERENCE PLATFORMS 
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O p e r a t i o n  o f  t h e  PTT ' s  w i l l  be a u t o m a t i c  w i t h  t h e  e x c e p t i o n  

o f  d a i l y  i n p u t  o f  c a t c h  d a t a .  The  PTT's  w i l l  b e  d e s i g n e d  s u c h  

t h a t  t h i s  d a t a  w i l l  b e  i n p u t  o n c e  a d a y  by t h e  c a p t a i n  o f  t h e  

v e s s e l .  A c c u r a t e  r e p o r t i n g  c a n  b e  a m a n d a t o r y  r e q u i r e m e n t  

e n f o r c e a b l e  by random spot c h e c k s  o f  f i s h  o n b o a r d  by t h e  p a t r o l  

c r a f t .  

M a i n t e n a n c e  r e q u i r e m e n t s  a r e  r a t h e r  l o w .  The  PTT ' s  w i l l  

r e q u i r e  a c h a n g e  o f  b a t t e r i e s  o n c e  p e r  y e a r .  T h i s  s h o u l d  t a k e  

a p p r o x i m a t e l y  t w o  h o u r s / v e s s e l .  I n  t h e  case o f  f a i l u r e  o f  a PTT, 

s p a r e s  may b e  k e p t  a t  a c e n t r a l  l o c a t i o n .  I n t e r c h a n g e  c o u l d  be 

made w i t h i n  a d a y  or so. F a i l e d  u n i t s  c o u l d  b e  r e t u r n e d  t o  P o r t  

Moresby f o r  r e p a i r  o r  t r a n s s h i p p e d  t o  t h e  m a n u f a c t u r e r  f o r  

r e p a i r .  Based  o n  p r i o r  f a i l u r e  r a t e s  ( i n f o r m a t i o n  f r o m  

m a n u f a c t u r e r ) ,  a m a i n t e n a n c e  l e v e l  o f  t w o  man-days p e r  PTT p e r  

y e a r  i s  e s t i m a t e d .  

T h e r e  u n d o u b t e d l y  w i l l  be r e q u i r e d  m a i n t e n a n c e  f o r  t h e  

r e c e i v i n g  s t a t i o n .  ' N o  f i r m  f i g u r e s  a r e  a v a i l a b l e .  I t  is 

recommended t h a t  a t  l e a s t  o n e  t e c h n i c i a n  be t r a i n e d  i n  s t a n d a r d  

t r o u b l e - s h o o t i n g  and  l o w - l e v e l  m a i n t e n a n c e .  T h e  s y s t e m  is 

d e s i g n e d  s u c h  t h a t  most p r o b l e m s  c a n  b e  c u r e d  w i t h  r e p l a c e m e n t  of 

s t a n d a r d  p l u g - i n p r i n t e d  c i r c u i t b o a r d s .  F a i l e d  u n i t s  c a n  b e  

r e t u r n e d  t o  t h e  m a n u f a c t u r e r .  E x a c t  d e t a i l s  o f  t h e  

m a n u f a c t u r e r ' s  r e s p o n s i b i l i t i e s  and  l i a b i l i t i e s  m u s t  b e  s p e l l e d  

o u t  i n  t h e  o r i g i n a l  p u r c h a s e  a g r e e m e n t s .  Recommenda t i ons  c a n  be 

made i n  a d e s i g n  p h a s e  s u d y .  - - 
I f  t h e  ARGOS s y s t e m  is  imp lemen ted ,  i t  is recommended t h a t  

t h e  Government  of Papua  N e w  G u i n e a  a l so  p u r c h a s e  a n  ARGOS 
- 

a i r b o r n e  p l a t f o r m  i n t e r r o g a t o r  a n d  f i e l d  t e s t  s e t  f o r  u s e  o n  e a c h  

p a t r o l  a i r c r a f t  and  p a t r o l  b o a t .  The  f i e l d  t e s t  s e t  allows t h e  
%. - p a t r o l  c r a f t  t o  q u e r y  a v e s s e l  a n d  r e c e i v e  t h e  PTT t r a n s m i s s i o n s  

d i r e c t l y  t h u s  e f f e c t i v e l y  d e t e r m i n i n g  w h e t h e r  t h e  v e s s e l  i s  

c o o p e r a t i v e  and  w h e t h e r  i t s  PTT is  f u n c t i o n i n g  p r o p e r l y .  



7.1.4 E s t i m a t e d  P u r c h a s e  Costs o f  S y s t e m  - 

F o u r  b a s i c  componen t s  make u p  t h e  'ARGOS s y s t e m  a s  

recommended. They a re  t h e  PTT, t h e  s e n s o r s ,  t h e  r e c e i v i n g  

s t a t i o n  a n d  t h e  a i r b o r n e  p l a t f o r m  i n t e r r o g a t o r  and  f i e l d  t e s t  

se t .  The t o t a l  s y s t e m  costs  a s  p r e s e n t e d  h e r e  assume a t o t a l  o f  

50  or 1 0 0  p l a t f o r m s  i n  o p e r a t i o n .  Costs a re  F.O.B. USA a n d  d o  

n o t  i n c l u d e  i n s t a l l a t i o n ,  t r a i n i n g ,  o p e r a t i o n ,  o r  m a i n t e n a n c e .  

S y s t e m  P u r c h a s e  Costs 

P l a t f o r m  T r a n s m i t t e r  T e r m i n a l s  50  1 0 0  
P l u s  S e n s o r s  P e r  U n i t  P l a t f o r m s  P l a t f o r m s  

B a s i c  T r a n s m i t t e r  ( e . g .  Handa r  
620A w i t h  o p t i o n s  0 0 1 ,  0 0 2 ,  0 0 3  

$ 2 , 4 0 0  $120 ,000  $240 ,000  

S e n s o r s  ( sea  s u r f a c e ,  t e m p e r a t u r e ,  
a i r  t e m p e r a t u r e ,  i n t e r n a l  b a t t e r y  
v o l t a g e ,  b a r o m e t e r ,  s a l i n i t y ,  e t c . )  3 , 5 0 0  1 7 5 , 0 0 0  350 ,000  

I n t e r f  dce 500 25 ,000  50 ,000  

Packay i r l g  p l u s  Manual  I n p u t  P l u s  
B a t t e r i e s  500 25 ,000  5 0 , 0 0 0  

TOTAL PER PTT $ 6 , 9 0 0  $345 ,000  $690 ,000  

R e c e i v i n g  s t a t i o n  

C o m p l e t e  S y s t e m  ( e . g . ,  O ld  
Dominion S y s  tems) 

A i r b o r n e  P l a t f o r m  I n t e r r o g a t o r  
( e . g . ,  H a n d a r  602A) 

TOTAL SYSTEM PURCHASE COSTS $403 ,000  $779 ,000  



7.2 TRANSIT/OMEGA N a v i g a t i o n  Sys tem w i t h  D i g i t a l  R a d i o  Link  

I f  i t  is  i m p o s s i b l e  t o  u s e  t h e  ARGOS s y s t e m  f o r  any  r e a s o n ,  

t h e r e  i s  a n  a l t e r n a t e  s y s t e m  which  i s  a l s o  recommended. From a  

p u r e l y  t e c h n i c a l  s t a n d p o i n t ,  t h i s  a l t e r n a t e  may be  i n  f a c t ,  

s u p e r i o r  t o  t h e  ARGOS s y s t e m  t o  p e r f o r m  t h e  r e q u i r e d  t a s k s .  

U n f o r t u n a t e l y ,  i t  is a l s o  c o n s i d e r a b l y  more e x p e n s i v e  t h a n  t h e  

ARGOS s y s  t e m .  

The a l t e r n a t e  s y s t e m  c o n s i s t s  o f  a  s h i p b o a r d  TRANSIT o r  

TRANSIT/OMEGA n a v i g a t i o n  s y s t e m  w i t h  p e r i p h e r a l  e n v i r o n m e n t a l  

s e n s o r s  l i n k e d  t o  a  s e l e c t i v e - c a l l  d i g i t a l  h i g h - f r e q u e n c y  

s i n g l e - s i d e - b a n d  r a d i o  s y s t e m .  The b a s e  s t a t i o n s  would c o n s i s t  

o f  complemen ta ry  HF SSB t r a n s c e i v e r s  and  d i g i t a l  p r i n t e r s .  

T h i s  a l t e r n a t e  s y s t e m  c o u l d  p r o v i d e  p o s i t i o n  l o c a t i o n  o f  

e v e n  g r e a t e r  a c c u r a c y  t h a n  t h a t  p r o v i d e d  by ARGOS, t h e  o p t i o n  o f  

u p d a t i n g  l o c a t i o n  a s  o f t e n  a s  d e s i r e d ,  a n d  c o l l e c t i o n  a n d  r e l a y  

o f  t h e  same t y p e  o f  ' e n v i r o n m e n t a l  d a t a  a s  t h a t  p r o v i d e d  by t h e  

ARGOS s y s t e m .  I n  a d d i t i o n ,  s h o u l d  i t  b e  so d e s i r e d ,  t h e  s y s t e m  

c o u l d  a l s o  b e  u s e d  a s  a  v o i c e  communica t ion  s y s t e m .  A p p e n d i c e s  

C ,  D a n d  E c o n t a i n  d e t a i l e d  t e c h n i c a l  i n f o r m a t i o n  r e g a r d i n g  t h i s  

s y s t e m  a s  w e l l  a s  m a n u f a c t u r e r s v  b r o c h u r e s  o f  r e p r e s e n t a t i v e  

s y s t e m s .  

7 .2 .1  Hardware  D e s c r i p t i o n  

P o s i t i o n  l o c a t i o n  f o r  e a c h  v e s s e l  w i l l  b e  d e t e r m i n e d  o n b o a r d  

by a  s e l f - c o n t a i n e d  and  semi -au toma ted  n a v i g a t i o n  s y s t e m .  The 

TRANSIT s a t e l l i t e  n a v i g a t i o n  s y s t e m  is t h e  p r i m e  component .  I t  

r e c e i v e s ,  e v e r y  few h o u r s ,  i n f o r m a t i o n  f rom t h e  TRANSIT series o f  

s a t e l l i t e s  a n d  p l o t s  a  v e r y  a c c u r a t e  f i x .  Between s a t e l l i t e  

p a s s e s ,  t h e  i n t e r n a l  compu te r  f rom t h e  s y s t e m  c a l c u l a t e s  p o s i t i o n  

by d e a d  r e c k o n i n g  u s i n g  i n p u t s  f rom t h e  s h i p ' s  g y r o s  and  s p e e d  

i n d i c a t o r s .  



A more s o p h i s t i c a t e d  v e r s i o n  o f  t h i s  n a v i g a t i o n  s y s t e m  u s e s  

i n p u t  f rom a n  a u t o m a t e d  OMEGA r e c e i v e r  t o  c o n t i n u a l l y  u p d a t e  

p o s i t i o n  b e t w e e n  s a t e l l i t e  f i x e s .  T h i s  TRANSIT/OMEGA s y s t e m  w i l l  

p r o v i d e  t h e  most a c c u r a t e  and  r e l i a b l e  p o s i t i o n  i n f o r m a t i o n .  F o r  

t h e  p u r p o s e s  o f  t h i s  p r o j e c t ,  i t  may b e  more s o p h i s t i c a t e d  t h a n  

r e q u i r e d .  A s i n g l e  TRANSIT r e c e i v e r  w i t h  a  d e a d  r e c k o n i n g  

c o m p u t e r  s h o u l d  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n .  

One o f  t h e  major m a n u f a c t u r e r s  o f  s u c h  n a v i g a t i o n  s y s t e m s  is  

Magnavox. ~t p r o d u c e s  s e v e r a l  a p p r o p r i a t e  s y s t e m s  i n c l u d i n g  t h e  

TRANSIT/OMEGA s y s  t e m .  

A major a d v a n t a g e  o f  t h i s  t y p e  o f  s y s t e m  i s  t h a t  a c c u r a t e  

n a v i g a t i o n  d a t a  w i l l  b e  a v a i l a b l e  t o  e a c h  f i s h i n g  v e s s e l .  T h i s ,  

i n  i t s e l f ,  would b e  o f  g r e a t  b e n e f i t  and would t e n d  t o  e n c o u r a g e  

s h i p o w n e r s  t o  e n t h u s i a s t i c a l l y  embrace  t h e  s y s t e m .  Most  o f  t h e  

p r e s e n t  f l e e t  u s i n g  PNG w a t e r s  have  n a v i g a t i o n  s y s t e m s  nowhere  

n e a r  t h i s  s o p h i s t i c a t e d  o r  a c c u r a t e .  

T h e r e  is  a d i s a d v a n t a g e  b e s i d e s  c o s t .  O p e r a t i o n  o f  t h e  

s y s t e m  r e q u i r e s  t h e  n a v i g a t o r  t o  i n i t i a l i z e  it. I t  i s  n o t  a  

c o m p l e t e l y  a u t o m a t e d  s y s t e m .  A l s o ,  a  c u n n i n g  o p e r a t o r  c o u l d  

program t h e  s y s t e m  i n  s u c h  a way t h a t  i t  would p r o v i d e  f a l s e  

r e a d i n g s  t o  t h e  m o n i t o r i n g  s y s t e m .  

E n v i r o n m e n t a l  s e n s o r s ,  a l t h o u g h  n o t  b u r e a u c r a t i c a l l y  

mandated  f o r  u s e  o f  t h e  s y s t e m ,  would s t i l l  b e  d e s i r a b l e .  The 

same t y p e  o f  s e n s o r s  a s  u s e d  i n  t h e  ARGOS s y s t e m  c o u l d  b e  u s e d  

h e r e .  L i k e w i s e ,  c a t c h  i n f o r m a t i o n  c o u l d  b e  i n p u t .  

I n t e r f a c e  h a r d w a r e  would b e  r e q u i r e d  t o  j o i n  t h e  n a v i g a t i o n  

s y s t e m  and  s e n s o r s  t o  t h e  d a t a  r e l a y  sys t em.  Such i n t e r f a c e s  a r e  

n o t  c o m m e r c i a l l y  a v a i l a b l e  a n d  would have  t o  b e  d e s i g n e d  and  

b u i l t .  

The d a t a  r e l a y  s y s t e m  w i l l  a l l o w  t h e  n a v i g a t i o n  and  

e n v i r o n m e n t a l  d a t a  t o  b e  a u t o m a t i c a l l y  t r a n s f  e r r e d  t o  a 

m o n i t o r i n g  s y s t e m .  The r e l a y  w i l l  b e  a  h i g h  f r e q u e n c y  

s i n g l e - s i d e - b a n d  d i g i t a l  r a d i o  s y s t e m .  D a t a  w i l l  b e  c o n v e r t e d  t o  

d i g i t a l  f o r m a t  a n d  a u t o m a t i c a l l y  t r a n s m i t t e d  upon r e c e i p t  o f  a 



s e l e c t i v e  c a l l  f rom a s h o r e  s t a t i o n .  Each v e s s e l  w i l l  h ave  a 

u n i q u e  d i g i t a l  c a l l  code .  The o p e r a t o r  o f  t h e  s h o r e  s t a t i o n  w i l l  

d i a l  i n  t h e  c o d e  and  i n i t i a t e  t h e  s h o r e  t r a n s c e i v e r .  I t  w i l l  

s i g n a l  t h e  v e s s e l  t r a n s c e i v e r  t o  dump i t s  d a t a .  The s e l e c t i o n  

c o u l d  a l s o  b e  a u t o m a t i c a l l y  t r i g g e r e d  a t  any time d e s i r e d .  The 

s h o r e  t r a n s c e i v e r  would p a s s  t h e  s i g n a l  t o  a m i c r o p r o c e s s o r  which 

would p r o c e s s  a n d  p r i n t o u t  t h e  d a t a .  

An a d v a n t a g e  o f  t h i s  t y p e  o f  d a t a  r e l a y  s y s t e m  is t h a t  t h e  

v e s s e l  may b e  q u e r i e d  o n  demand. I£ i t  is i n  t h e  v i c i n i t y  o f  a 

c r i t i c a l  area,  t h e  m o n i t o r  may check  i t s  p o s i t i o n  v e r y  

f r e q u e n t l y .  L i k e w i s e ,  i n  a r e a s  o f  l i t t l e  c o n c e r n ,  i n  p o r t  f o r  

example ,  it may b e  t o t a l l y  i g n o r e d .  

7 .2 .2  Sys tem I n s t a l l a t i o n ,  O p e r a t i o n  - and  Main tenance  

I n s t a l l a t i o n  of. t h e  n a v i g a t i o n  s y s t e m  is s t r a i g h t f o r w a r d  b u t  

more complex and  t i m e  consuming t h a n  t h e  ARGOS s y s t e m .  U n l i k e  

t h e  ARGOS PTTs, t h e  n a v i g a t i o n  s y s t e m s  w i l l  r e q u i r e  s h i p ' s  power. 

C o n n e c t i o n  w i l l  h a v e  t o  b e  made t o  t h e  v e s s e l ' s  g y r o s  and  s p e e d  

i n d i c a t o r  s y s t e m s .  The r a d i o  and  i t s  a n t e n n a  w i l l  h ave  t o  b e  

i n s t a l l e d  and  checked .  S e n s o r  i n s t a l l a t i o n  w i l l  b e  s imi la r  to  

t h a t  r e q u i r e d  f o r  t h e  ARGOS. A minimum of  o n e  week per v e s s e l  

w i l l  b e  r e q u i r e d  f o r  i n s t a l l a t i o n .  

S e v e r a l  m o n i t o r i n g  s t a t i o n s  w i l l  have  t o  b e  se t  up. The  

r a n g e  o f  t h e  SSB s y s t e m  is u n c e r t a i n  a t  t h i s  t i m e .  A minimum o f  

t w o  s t a t i o n s  and  p o s s i b l y  t h r e e  w i l l  b e  n e c e s s a r y  t o  a d e q u a t e l y  

c o v e r  t h e  DFZ. A t  p r e s e n t ,  P o r t  Moresby and  Rabau l  a p p e a r  t o  be  

l o g i c a l  c h o i c e s .  Each p r e s e n t l y  is t h e  s i t e  o f  a coast  r a d i o  

s t a t i o n  manned by t h e  P o s t a l  and  T e l e c o m m u n i c a t i o n  S e r v i c e s .  

O p e r a t i o n  o f  t h e  s y s t e m  w i l l  r e q u i r e  t h r e e  o p e r a t o r s  p l u s  

o n e  s t a n d b y  o p e r a t o r  per s t a t i o n .  T h i s  w i l l  allow 2 4  hour /day  

c o v e r a g e .  F o r  t h e  minimum t w o  s t a t i o n s ,  t h i s  means t h a t  e i g h t  

i n d i v i d u a l s  mus t  b e  commit ted  t o  t h e  s y s t e m .  They s h o u l d  b e  

p r o f e s s i o n a l s  w i t h  some background  i n  r a d i o  s y s t e m s  and  compu te r  

programming and  o p e r a t i o n .  



M a i n t e n a n c e  h a s  b e e n  e s t i m a t e d  a t  1-1/2 man-yea r s  p e r  y e a r  

f o r  e a c h  s t a t i o n .  T h e  s h i p b o a r d  s y s t e m s  w i l l  r e q u i r e  4-6 

m a n - d a y s / v e s s e l / y e a r  f o r  r o u t i n e  a n d  emergency  m a i n t e n a n c e .  

7 .2 .3  E s t i m a t e d  P u r c h a s e  C o s t s  - o f  S y s t e m  

F o u r  b a s i c  c o m p o n e n t s  make u p  t h e  TRANSIT/OMEGA s y s t e m  a s  

recommended. They  a re  t h e  n a v i g a t i o n  s y s t e m ,  t h e  s e n s o r s ,  t h e  

d a t a  r e l a y ,  a n d  t h e  m o n i t o r i n g  s t a t i o n .  T o t a l  s y s t e m  p u r c h a s e  

costs  p r e s e n e d  h e r e  a s sume  a  t o t a l  o f  5 0  or 1 0 0  s y s t e m s  i n  

o p e r a t i o n .  C o s t s  a re  F.O.B. USA a n d  d o  n o t  i n c l u d e  

i n s t a l l a t i o n ,  t r a i n i n g ,  o p e r a t i o n ,  or m a i n t e n a n c e .  

SYSTEM PURCHASE COSTS 

p e r  50 1 0 0  
S h i p b o a r d  H a r d w a r e  U n i t  S y s  tems S y s t e m s  

TRANSIT ~ e c e i v e r  ( e . g . ,  
MX 1 2 4 2 )  1 1 , 0 0 0  550 ,000  1 , 1 0 0 , 0 0 0  

or  
TRANSIT/OMEGA R e c e i v e r  
( e . g . ,  MX 1 1 0 5 )  20 ,000  1 , 0 0 0 , 0 0 0  2 ,000 ,000  

I n t e r f a c e  1 5 , 0 0 0  750 ,000  1 , 5 0 0 , 0 0 0  

S e n s o r s  3 , 5 0 0  1 7 5 , 0 0 0  350 ,000  

SSB R a d i o  R e l a y  S y s t e m  1 0 , 0 0 0  500 ,000  1 , 0 0 0 , 0 0 0  

TOTAL SHIPBOARD COST 3 9 , 5 0 0  1 , 9 7 5 , 0 0 0  3 ,950 ,000  
t o  t o  t o  

4 8 , 5 0 0  2 , 4 2 5 , 0 0 0  4 ,850 ,000  

M o n i t o r i n g  S t a t i o n  

SSB T r a n s c e i v e r ,  1 Kw, 
4  f r e q u e n c i e s  7 0 , 0 0 0  1 4 0 , 0 0 0  1 4 0 , 0 0 0  

I n t e r f a c e  5 , 0 0 0  1 0 , 0 0 0  1 0 , 0 0 0  

M i c r o c o m p u t e r  p l u s  t e r m i n a l  20 ,000  40 ,000  40 ,000  

TOTAL MONITORING STATION COST 1 9 0 , 0 0 0  1 9 0 , 0 0 0  

TOTAL COST: 

Wi th  TRANSIT 

W i t h  TRANSIT/OMEGA 



7 . 3  O p e r a t i o n a l  M a r i t i m e  S u r v e i l l a n c e  A i r c r a f t  S y s t e m s  

M o n i t o r i n g  and  c o n t r o l  o f  f i s h i n g  o p e r a t i o n s  i n  t h e  PNG 

D e c l a r e d  F i s h i n g  Zone r e q u i r e s  t w o  s e p a r a t e  o p e r a t i o n s :  

s u r v e i l l a n c e ,  which  i n c l u d e s  d e t e c t i o n ,  i d e n t i f i c a t i o n  and  

l o c a t i o n ;  and  r e a c t i o n ,  which  c o n s i s t s  o f  d i r e c t  c o n t a c t  w i t h  and 

i f  n e c e s s a r y , i n t e r c e p t i o n  o f  v e s s e l s  o n  t h e  s e a  s u r f a c e .  P a t r o l  

b o a t s  a r e  a n  o b v i o u s  r e q u i r e m e n t  f o r  i n t e r c e p t i o n  a n d  b o a r d i n g  a t  

s e a ,  w h i l e  a i r c r a f t  by v i r t u e  o f  t h e i r  s p e e d  and  v a n t a g e  p o i n t  

a r e  much t o  b e  p r e f e r r e d  f o r  t h e  s u r v e i l l a n c e  role. A s  a n  

example ,  a  r a d a r - e q u i p p e d  p a t r o l  b o a t  c r u i s i n g  a t  1 2 . 5  k n o t s  c a n  

s u r v e y  a n  a r e a  o f  a p p r o x i m a t e l y  2 , 0 0 0  s q u a r e  k i l o m e t e r s  p e r  h o u r  

u n d e r  good s e a  c o n d i t i o n s .  A s i m i l a r l y  e q u i p p e d  a i r c r a f t  

c r u i s i n g  a t  1 0 , 0 0 0  f e e t  a l t i t u d e  and  1 2 0  k n o t s  c a n  c o v e r  more 

t h a n  40 ,000  s q u a r e  k i l o m e t e r s  i n  t h i s  same p e r i o d  o f  t i m e .  When 

e q u i p p e d  w i t h  more s o p h i s t i c a t e d  e l e c t r o n i c  d e t e c t i o n  s y s t e m s ,  

t h i s  same a i r c r a f t  c a n  c o v e r  a n  a r e a  i n  e x c e s s  o f  1 0 0 , 0 0 0  s q u a r e  

k i l o m e t e r s  i n  o n e  h o u r .  

I n  d e v e l o p i n g  r ecommenda t ions  f o r  a n  o p e r a t i o n a l  m a r i t i m e  

( f i s h e r i e s )  s u r v e i l l a n c e  s y s t e m ,  i t  seems b e s t  t o  f i r s t  r e v i e w  

t h o s e  d e t e c t i o n / i d e n t i f  i c a t i o n  " s y s t e m s "  or  e q u i p m e n t  t h a t  s h o u l d  

b e  c a r r i e d  o n b o a r d  t h e  s u r v e i l l a n c e  a i r c r a f t  (wh ich  i s  i t s e l f  

p a r t  o f  t h e  t o t a l  " s u r v e i l l a n c e  s y s t e m " )  and  t h e n  r e v i e w  t h o s e  

a i r c r a f t  c a p a b l e  o f  c a r r y i n g  t h a t  e q u i p m e n t  and  t h e  r e q u i r e d  crew 

t h r o u g h  t y p i c a l  m i s s i o n  p r o f i l e s .  D e t e c t i o n / i d e n t i f  i c a t i o n  

s u r v e i l l a n c e  s y s t e m s  a r e  s e p a r a t e d  h e r e  a s  " p r  ima r y  " and  

" s e c o n d a r y "  f o r  c o n v e n i e n c e  o f  d i s c u s s i o n .  P r i m a r y  s y s t e m s  a r e  

t h o s e  t h a t  s h o u l d  d e f i n i t e l y  b e  c o n s i d e r e d  f o r  i n c l u s i o n  i n  any  

new a i r c r a f t  f i s h e r i e s  s u r v e i l l a n c e  program f o r  Papua  N e w  Gu inea .  

S e c o n d a r y  s y s t e m s  a r e  t h o s e  t h a t  would n o r m a l l y  occupy  a  less 

i m p o r t a n t  role  and  may a s  a  g e n e r a l  r u l e  b e  c o n s i d e r e d  a s  

o p t i o n s .  I t  s h o u l d  b e  n o t e d  t h a t ,  d e p e n d i n g  o n  p a r t i c u l a r  

m i s s i o n  r e q u i r e m e n t s ,  t h e s e  " s e c o n d a r y "  s y s t e m s  may become t h e  

p r i m a r y  a n d  i n  some c a s e s  t h e  o n l y  s y s t e m  c a p a b l e  o f  d o i n g  t h e  

j o b .  
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The f i s h e r i e s  s u r v e i l l a n c e  t a s k  f a c i n g  t h e  Government of  

Papua N e w  Gu inea  i s  much more r e l a t e d  t o  t a c t i c a l  t h a n  to  

s t r a t e g i c  r e c o n n a i s s a n c e .  The o b j e c t s  o f  i n t e r e s t  ( i l l e g a l  

f i s h i n g  v e s s e l s )  a r e  h i g h l y  m o b i l e  and may move i n  and  o u t  o f  t h e  

DFZ i n  a  m a t t e r  o f  h o u r s .  I n f o r m a t i o n  on  t h e i r  l o c a t i o n  and 

movement, w h e t h e r  c o l l e c t e d  from b o a t s ,  a i r c r a f t  or  s a t e l l i t e s ,  

is t h u s  h i g h l y  p e r i s h a b l e  and m u s t  b e  a c t e d  upon immedia t e ly .  

F o r  t h i s  r e a s o n ,  p h o t o g r a p h i c  mapping cameras ,  s i d e - l o o k i n g  

a i r b o r n e  r a d a r ,  t h e r m a l  i n f r a r e d  mapping s y s t e m s  and s i m i l a r  

s e n s o r s  whose d a t a  o f t e n  r e q u i r e s  t ime-consuming ground 

p r o c e s s i n g  a r e  n o t  c o n s i d e r e d  h e r e  a s  " p r i m a r y "  s y s t e m s .  The 

d a t a  t h e y  c o l l e c t  c o u l d  b e  e x t r e m e l y  i m p o r t a n t  i n  any a n a l y s i s  of  

s u r f a c e  c u r r e n t s ,  t h e r m a l  i n t e r f a c e s ,  f i s h  movement or s i m i l a r  

p r o b l e m s ,  b u t  b e c a u s e  o f  b u i l t - i n  d e l a y s  i n  d a t a  h a n d l i n g  and 

a n a l y s i s  i t  w i l l  se ldom b e  of  u s e  f o r  r e a c t i o n  and law 

e n f o r c e m e n t  p u r p o s e s .  S e a  s u r v e i l l a n c e  ( s u r f  a c e  s e a r c h )  r a d a r ,  

ELINT, and  e l e c t r o - o p t i c a l  s y s t e m s ,  o n  t h e  o t h e r  hand ,  c a n  

p r o v i d e  r e a l - t i m e  in fo rma  t i o n  t h a t  c a n  be  a c t e d  upon immedia t e ly .  

7 .3 .1  P r i m a r y  S u r v e i l l a n c e  Sys t ems  

Two p r i m a r y  s u r v e i l l a n c e  s y s t e m s  a r e  recommended f o r  t h e  P N G  

program - s e a  s u r v e i l l a n c e  r a d a r ,  and  a n  e l e c t r o n i c  i n t e l l i g e n c e  

( E L I N T )  d e t e c t i o n  sys t em.  T h e s e  u n i t s  a r e  b o t h  c o m p a t i b l e  and 

complementary .  Al though t h e  s y s t e m s  t h e m s e l v e s  would a p p e a r  t o  

r e p r e s e n t  advanced  t e c h n o l o g y ,  t h e y  have  b e e n  w e l l -  t e s t e d  f o r  

y e a r s  i n  o t h e r  a p p l i c a t i o n s  and a r e  a v a i l a b l e  a s  " o f f - t h e - s h e l f "  

ha rdware .  

7.3.1.1 Radar  

A wide  v a r i e t y  o f  r a d a r  s y s t e m s ,  p r i m a r i l y  d e s i g n e d  and 

i n t e n d e d  f o r  w e a t h e r  a v o i d a n c e  and n a v i g a t i o n ,  have  been  

i n s t a l l e d  i n  a i r c r a f t  and used  f o r  m a r i t i m e  s u r v e i l l a n c e .  



R e l a t i v e l y  f e w e r  s y s  t e m s  have  been  s p e c i f i c a l l y  d e s i g n e d  and 

o p t i m i z e d  f o r  m a r i t i m e  s u r v e i l l a n c e  and d e t e c t i o n  of  s m a l l  

t a r g e t s  i n  h i g h  s e a  s t a t e s .  These  s y s t e m s  i n  g e n e r a l  f e a t u r e  

h i g h e r  o u t p u t  power,  a  p h y s i c a l l y  l a r g e r  a n t e n n a  and n a r r o w e r  

beam w i d t h  t h a n  found i n  w e a t h e r  r a d a r  s y s t e m s ,  m u l t i p l e  p u l s e  

w i d t h s  and PRF r a t e s  t o  maximize r e s o l u t i o n  a t  s h o r t ,  medium and 

l o n g  r a n g e s ,  and v a r i o u s  e l e c t r o n i c  t e c h n i q u e s  t o  d e c r e a s e  s e a  

r e t u r n  c l u t t e r  and  e n h a n c e  t h e  s i g n a l - t o - n o i s e  r a t i o ,  t h u s  

improving  t a r g e t  d e t e c t a b i l i t y  . T h e s e  s y s t e m s  a r e  no rma l ly  

mounted i n  a radome o r  pod c a r r i e d  below t h e  a i r c r a f t  and s c a n  

t h r o u g h  a f u l l  360 d e g r e e s .  An i n s t a l l a t i o n  o f  t h i s  t y p e  is 

p r e f e r r e d  f o r  t h e  s e a  s u r v e i l l a n c e  m i s s i o n  f o r  t w o  p r i n c i p a l  

r e a s o n s .  F i r s t ,  t h e  r a d a r  r e t u r n  s i g n a l  f rom any t a r g e t  is a  

f u n c t i o n  of  t h e  t a r g e t  m a t e r i a l  ( e . g . ,  wood or s t e e l ) ,  t h e  t a r g e t  

s u r f a c e  a r e a  p r e s e n t e d  t o  t h e  r a d a r  p u l s e ,  and t h e  a n g l e  be tween 

t h a t  s u r f a c e  and t h e  t r a n s m i t t i n g  r a d a r .  I f  a  s h i p  i s  headed 

d i r e c t l y  a t  a  r a d a r - e q u i p p e d  a i r c r a f t ,  t h e  r a d a r  r e t u r n  s i g n a l  

w i l l  b e  much s m a l l e r  t h a n  i f  t h e  s h i p  is  b r o a d - s i d e  t o  t h e  

a i r c r a f t .  Radar  s y s t e m s  t h a t  a r e  r e s t r i c t e d  t o  s c a n  o n l y  a  

l i m i t e d  a n g l e  i n  f r o n t  o f  a n  a i r c r a f t  r u n  a  s i g n i f i c a n t l y  h i g h e r  

r i s k  o f  n o t  d e t e c t i n g  s u c h  t a r g e t s  a t  t h e  l o n g e r  r a n g e s  and may 

l o s e  t h e  t a r g e t  e n t i r e l y  d u r i n g  a i r c r a f t  maneuvers .  Second,  

h i g h e r  a n t e n n a  r o t a t i o n  r a t e s  (more s c a n s  p e r  m i n u t e )  may b e  

d e s i r e d  f o r  s m a l l  t a r g e t  d e t e c t i o n  u n d e r  c e r t a i n  s e a  c o n d i t i o n s .  

A b a l a n c e d  a n t e n n a  t h a t  is f r e e  t o  r o t a t e  c o n t i n u o u s l y  t h r o u g h  a  

f u l l  360 d e g r e e s  c a n  a c h i e v e  much h i g h e r  s c a n  r a t e s  o v e r  a  l a r g e r  

a r e a  t h a n  c a n  a  s y s t e m  t h a t  mus t  s c a n  t h r o u g h  a  l i m i t e d  a n g l e ,  

s t o p ,  and r e v e r s e  i t s  d i r e c t i o n  of  t r a v e l .  

Two s u c h  s e a  s u r v e i l l a n c e  r a d a r  s y s t e m s  p r e s e n t l y  a v a i l a b l e  

a r e  t h e  L i t t o n  AN/APS-504(V)-2 and t h e  A I L  (Cutler-Hammer) 

AN/APS-128. P e r f o r m a n c e  o f  t h e s e  s y s t e m s  i s  s i m i l a r  i n  many 

r e s p e c t s  and c h o i c e  be tween  them, o r  o t h e r s ,  s h o u l d  b e  b a s e d  on  

t h e  p a r t i c u l a r  program r e q u i r e m e n t s .  

A s  n o t e d  e a r l i e r ,  t a r g e t  d e t e c t a b i l i t y  is a  f u n c t i o n  o f  

t a r g e t  m a t e r i a l  ( s t e e l  is a  b e t t e r  r e f l e c t o r  t h a n  wood or 

c a n v a s ) ,  t a r g e t  s i z e ,  r e l a t i v e  t a r g e t  h e a d i n g ,  sea s t a t e ,  w e a t h e r  



c o n d i t i o n s ,  r a n g e  a n d  a i r c r a f t  a l t i t u d e .  I f  r e l a t i v e  h e a d i n g  and  

l o c a l  w e a t h e r  c o n d i t i o n s  a re  t a k e n  a s  random, t h e n  f o r  any  g i v e n  

t a r g e t  t y p e ,  d e t e c t a b i l i t y  c a n  b e  p l o t t e d  a s  a  f u n c t i o n  o f  sea 

s t a t e ,  g r o u n d  r a n g e  a n d  a i r c r a f t  a l t i t u d e .  F i s h e r i e s  

s u r v e i l l a n c e  t a r g e t s  i n  t h e  Papua  N e w  Gu inea  DFZ m i g h t  b e  g r o u p e d  

i n t o  f o u r  a p p r o x i m a t e  t a r g e t  s i z e  classes as: 

1. 20 s q u a r e  meters ( " c l a m  b o a t s " )  

2 .  1 5 0  s q u a r e  meters ( t h e  smaller p o l e - a n d - l i n e  and  
l o n g l i n e r  v e s s e l s )  

3 .  300 s q u a r e  meters ( p u r s e  s e i n e r s  and  t h e  l a r g e r  
l o n g l i n e r s )  

4 .  1 , 0 0 0  s q u a r e  meters ( f a c t o r y  s h i p s ,  "mo the r "  s h i p s ) .  

D e t e c t a b i l i t y  o f  t h e s e  t a r g e t s  a s  a f u n c t i o n  o f  r a n g e  and  

a l t i t u d e  w i t h  a t y p i c a l  sea s u r v e i l l a n c e  r a d a r  and  s e a  s t a t e  2  

c o n d i t i o n s  i s  summar ized  i n  T a b l e  1 0 .  More d e t a i l e d  i n f o r m a t i o n  

f o r  a l t e r n a t e  t a r g e t s  and  s e a  s t a t e  c o n d i t i o n s  i s  p r e s e n t e d  i n  

Appendix  F. A s  t h e s e  d a t a  a re  d e r i v e d  p r i m a r i l y  f rom metal 

( s t ee l )  t a r g e t s ,  d e t e c t a b i l i t y  o f  t h e  smaller wooden "clam b o a t s "  

w i l l  b e  s l i g h t l y  less t h a n  shown h e r e .  

S i n c e  t h e  r a d a r  h o r i z o n  or  area o f  p o s s i b l e  e l e c t r o n i c  

s u r v e i l l a n c e  i n c r e a s e s  w i t h  a l t i t u d e ,  t h e  s e a r c h  a i r c r a f t  s h o u l d  

o p e r a t e  a t  a s  h i g h  a n  a l t i t u d e  a s  p o s s i b l e ,  c o n s i s t e n t  w i t h  

t a r g e t  d e t e c t a b i l i t y .  A s  r e f l e c t e d  i n  t h e  c h a r t  i n  T a b l e  1 0 ,  

d e t e c t i o n  r a n g e  f o r  t h e  s m a l l e r  20 s q u a r e  meter t a r g e t s  d e c r e a s e s  

marked ly  a b o v e  a b o u t  2 ,000  f e e t  a l t i t u d e ,  w h e r e a s  m o s t  o f  t h e  

l a r g e r  t a r g e t s  c a n  b e  s e e n  a s  w e l l  o r  b e t t e r  a t  1 0 , 0 0 0  f e e t .  

T h i s  would i n d i c a t e  t h a t  two s e p a r a t e  t y p e s  o f  s u r v e i l l a n c e  

m i s s i o n s  m i g h t  b e  a p p r o p r i a t e  - a h i g h  a l t i t u d e  r e g i o n a l  sweep  

f o r  t h e  l a r g e r  and  more e c o n o m i c a l l y  i m p o r t a n t  t a r g e t s ,  a n d  a low 

a l t i t u d e  p a t r o l  o v e r  s e l e c t e d  areas  a g a i n s t  t h e  less " e x p e n s i v e "  

b u t  more l o c a l l y  d e s t r u c t i v e  i l l e g a l  "c lam b o a t s " .  



T a b l e  10: RADAR DETECTION RANGE (nm) UNDER SS2 CONDITIONS 

1 1 4  

R a d a r  T a r g e t  
A r e a  
(m2 

20  

1 5 0  

3 0 0  
- 

1 0 0 0  

A i r c r a f t  A l t i t u d e  ( f t )  

1 , 0 0 0  

30  nm 

4 0  nm 

4 0  nm 
- 

4 0  nm 

1 0 , 0 0 0  

1 0  nm 

5 5  nm 

7 0  nm 
- 

9 5  nm 

2 , 0 0 0  

3 0  nm 

5 0  nm 

5 5  nm 
- 

5 5  nm 

5 , 0 0 0  

1 0  nm 

6 0  nm 

7 0  nm 

8 5  nm 



7.3.1.2 ELINT 

E l e c t r o n i c  i n t e l l i g e n c e  (ELINT) t e c h n i q u e s  and equipment  

e v o l v e d  d u r i n g  World War I1 a s  a  means t o  d e t e c t ,  a n a l y z e ,  and  

d e v e l o p  c o u n t e r m e a s u r e s  f o r  enemy r a d a r .  Many o f  t h e s e  

t e c h n i q u e s  were h i g h l y  e f f e c t i v e  a n d ,  b e c a u s e  o f  t h e i r  m i l i t a r y  

i m p o r t a n c e ,  have  r ema ined  c l a s s i f i e d  and  r e s t r i c t e d  t o  m i l i t a r y  

u s e .  R e c e n t  a d v a n c e s  i n  t h e  m i l i t a r y  s t a t e - o f - t h e - a r t  have  

r e s u l t e d  i n  d e c l a s s i f i c a t i o n  of  many o f  t h e s e  t e c h n i q u e s  and 

me thods ,  and  a  w i d e  v a r i e t y  o f  e f f e c t i v e  and  r e l i a b l e  equ ipmen t  

i s  now a v a i l a b l e  f o r  commerc ia l  p u r p o s e s .  Many of  t h e s e  sys t ems  

a r e  i d e a l l y  s u i t e d  t o  t h e  f i s h e r i e s  and  m a r i t i m e  s u r v e i l l a n c e  

t a s k .  

Rada r  s y s t e m s  a re  c o n s i d e r e d  " a c t i v e "  s u r v e i l l a n c e  s y s t e m s ,  

i n  t h a t  t h e y  t r a n s m i t  a  p u l s e  and  l i s t e n  f o r  a n  "echo" s i g n a l  

r e t u r n .  S i n c e  t h e  amount o f  e n e r g y  r e f l e c t e d  back from t h e  

t a r g e t  is  o n l y  a  s m a l l  p e r c e n t  of  t h a t  t r a n s m i t t e d ,  r a d a r  s y s t e m s  

r e q u i r e  v e r y  s e n s i t i v e  r e c e i v e r s .  ELINT s y s t e m s ,  i n  c o n t r a s t ,  

a r e  " p a s s i v e "  i n  t h a t  t h e y  a r e  " l i s t e n i n g  d e v i c e s "  o n l y .  Us ing  

r e c e i v e r s  s i m i l a r  t o  t h o s e  i n  r a d a r  s y s t e m s ,  t h e y  l i s t e n  f o r  

t r a n s m i s s i o n s  from a c t i v e  r a d a r .  

ELINT s y s t e m s  have  s e v e r a l  u n i q u e  a d v a n t a g e s  o v e r  r a d a r  f o r  

m a r i t i m e  s u r v e i l l a n c e .  The p r i n c i p a l  a d v a n t a g e  is  t a r g e t  

d e t e c t i o n  r a n g e .  E f f e c t i v e  r a n g e  f o r  any r a d a r  s y s t e m  is  

p r i m a r i l y  l i m i t e d  by 1) t h e  l i n e - o f - s i g h t  h o r i z o n  and  2 )  t h e  

s t r e n g t h  o f  t h e  r e t u r n  s i g n a l ,  or  r a d a r  echo .  Thus,  t y p i c a l  

r a d a r  s y s t e m s  on  f i s h i n g  v e s s e l s  or m a r i t i m e  p a t r o l  b o a t s  w i l l  

h a v e  a maximum r a n g e  o f  30 t o  50 n a u t i c a l  m i l e s ,  l i m i t e d  by t h e  

h e i g h t  o f  t h e  a n t e n n a  above  t h e  s e a  s u r f a c e ,  w h i l e  s e a  

s u r v e i l l a n c e  r a d a r  c a r r i e d  o n  a i r c r a f t  w i l l  have  a  maximum r a n g e  

o f  50 t o  100  miles f o r  v a r i o u s  t a r g e t s ,  l i m i t e d  by t h e  s t r e n g t h  

o f  t h e  r a d a r  r e t u r n  and  t h e  a b i l i t y  o f  t h e  r e c e i v e r  t o  d e t e c t  t h e  

s i g n a l .  S i n c e  by f a r  t h e  m a j o r  p a r t  o f  any  r a d a r  p u l s e  i s  n o t  

r e f l e c t e d  back t o  t h e  t r a n s c e i v e r  b u t  c o n t i n u e s  on ,  i t  f o l l o w s  

t h a t  t h i s  p u l s e  t r a n s m i s s i o n  c a n  i t s e l f  b e  " d e t e c t e d "  a t  much 

g r e a t e r  d i s t a n c e s .  I n  a c t u a l  p r a c t i c e ,  ELINT r e c e p t i o n  is  



l i m i t e d  m a i n l y  by t h e  l i n e - o f - s i g h t  h o r i z o n ,  and  r a d a r  

t r a n s m i t t e r s  o f  t h e  t y p e  commonly f o u n d  o n  commerc i a l  f i s h i n g  and 

m a r i n e  v e s s e l s  c a n  b e  d e t e c t e d  and  t r a c k e d  a t  r a n g e s  o f  200 t o  

300 n a u t i c a l  m i l e s  f r om m o d e r a t e  a l t i t u d e s ,  o r  a t  u p  t o  t e n  t i m e s  

t h e  e f f e c t i v e  r a n g e  o f  r a d a r .  AS a n  example ,  t h e  r a d a r  s y s t e m  

c u r r e n t l y  i n s t a l l e d  o n  PNGDF p a t r o l  b o a t s  h a s  a n  e f f e c t i v e  t a r g e t  

d e t e c t i o n  r a n g e  o f  a b o u t  24 m i l e s .  A b o a t  o p e r a t i n g  t h i s  r a d a r  

s y s t e m  c a n  b e  e f f e c t i v e l y  d e t e c t e d  and  t r a c k e d  a t  a r a n g e  o f  250 

m i l e s  by a n  a p p r o p r i a t e l y  e q u i p p e d  a i r c r a f t  f l y i n g  a t  a n  a l t i t u d e  

o f  25 ,000  f e e t .  

The  o p e r a t i o n a l  i m p l i c a t i o n s  o f  t h i s  c o m b i n a t i o n  o f  s y s t e m s  

a r e  shown i n  F i g u r e  1 2 .  A t y p i c a l  r a d a r - e q u i p p e d  f i s h i n g  v e s s e l  

a t  p o i n t  A would be  unaware  o f  t h e  p r e s e n c e  o f  a P N G  p a t r o l  b o a t  

a t  p o i n t  B.  The  p a t r o l  b o a t  would have  t o  close t o  a r a n g e  o f  

a b o u t  24 nm t o  e s t a b l i s h  c o n t a c t .  A r a d a r  s u r v e i l l a n c e  a i r c r a f t  

a t  1 0 , 0 0 0  f e e t  a l t i t u d e  c o u l d  d e t e c t  and  t r a c k  t h e  t a r g e t  f rom a 

d i s t a n c e  o f  5 0  nm or  more ( p o i n t  C ) .  W i t h  ELINT e q u i p m e n t ,  t h i s  

same a i r c r a f t  c o u l d  m o n i t o r  and  t r a c k  b o t h  t h e  t a r g e t  a n d  t h e  

p a t r o l  b o a t  a t  r a n g e s  o f  200 t o  250 m i l e s ,  o r  i n  t h i s  example ,  

w h i l e  f l y i n g  o v e r  t h e  a i r f i e l d  o n  Manus I s l a n d .  

A n o t h e r  m a j o r  a d v a n t a g e  o f  ELINT s y s t e m s  is t h e i r  a b i l i t y  t o  

e x t r a c t  a d d i t i o n a l  i n f o r m a t i o n  ( " i n t e l l i g e n c e " )  d i r e c t l y  f rom t h e  

r e c e i v e d  r a d a r  s i g n a l  i t s e l f .  A r a d a r  o p e r a t o r  w i t h  e v e n  t h e  

most s o p h i s t i c a t e d  r a d a r  s y s t e m  c a n  d o  l i t t l e  more t h a n  d e t e c t  

t h e  p r e s e n c e  o f  a " t a r g e t " ,  i t s  r a n g e  and  b e a r i n g .  An ELINT 

o p e r a t o r ,  o n  t h e  o t h e r  hand ,  c a n  i d e n t i f y  t h e  s p e c i f i c  t y p e  o f  

t r a n s m i t t i n g  r a d a r  a s  w e l l  a s  t h e  t y p e  and  n a t i o n a l i t y  o f  t h e  

v e s s e l  c a r r y i n g  it. An e x p e r i e n c e d  o p e r a t o r  c a n  e v e n  r e c o g n i z e  

a n d  i d e n t i f y  s p e c i f i c  v e s s e l s .  

T h i s  i s  p o s s i b l e  b e c a u s e  d i f f e r e n t  classes o f  r a d a r  s y s t e m s  

a re  d e s i g n e d  t o  d o  d i f f e r e n t  j o b s  a n d  meet s p e c i f i c  r e q u i r e m e n t s .  

Thus ,  w a r s h i p s  o f  any  n a t i o n  w i l l  t e n d  t o  c a r r y  h igh-power  r a d a r  

s y s t e m s  t o  e n a b l e  them t o  d e t e c t  t a r g e t s  a t  l o n g e r  r a n g e s .  

F i s h i n g  v e s s e l s  w i l l  c a r r y  lower powered s y s t e m s  t h a t  c a n  d e t e c t  

o t h e r  v e s s e l s  w i t h i n  a r e a s o n a b l e  d i s t a n c e  a n d  i d e n t i f y  c o a s t a l  





l a n d m a r k s  a t  somewhat l o n g e r  r a n g e s .  M e r c h a n t  s h i p s  w i l l  i n  

g e n e r a l  carry h i g h e r  powered r a d a r  t h a n  f i s h i n g  v e s s e l s ,  i f  o n l y  

b e c a u s e  t h e y  r e q u i r e  more room ( a n d  t h u s  more a d v a n c e  w a r n i n g )  i n  

wh ich  t o  maneuver .  T h e i r  r a d a r  w i l l  u s u a l l y  a l s o  h a v e  a v e r y  

s h o r t  p u l s e - w i d t h / h i g h  p u l s e - r e p e t i t i o n - f r e q u e n c y  c a p a b i l i t y  t o  

p r o v i d e  t h e  h i g h - r e s o l u t i o n  d a t a  r e q u i r e d  when m a n e u v e r i n g  a t  

close r a n g e  i n  crowded wa te rways  and  h a r b o r s .  R a d a r  s y s t e m s  

b u i l t  by d i f f e r e n t  m a n u f a c t u r e r s  f o r  t h e  same p u r p o s e  w i l l  a l so  

d i f f e r  i n  o p e r a t i o n  a s  a f u n c t i o n  o f  d i f f e r e n t  d e s i g n  

p h i l o s o p h i e s  a n d  c o n s t r u c t i o n  t e c h n i q u e s .  S i n c e  m a j o r - n a t i o n  

s h i p s  t e n d  t o  p u r c h a s e  and  i n s t a l l  s y s t e m s  most r e a d i l y  a v a i l a b l e  

( a n d  r e p a i r a b l e )  i n  t h e i r  own c o u n t r i e s ,  v e s s e l  n a t i o n a l i t y  may 

o f  t e n  b e  d e t e r m i n e d  by i d e n t i f y i n g  t h e  s p e c i f i c  r a d a r  t y p e .  

Thus ,  t h r o u g h  a n a l y s i s  o f  o p e r a t i n g  r a d a r  s i g n a l s ,  f i s h i n g  

v e s s e l s  c a n  u s u a l l y  b e  s e p a r a t e d  f rom m e r c h a n t  s h i p s ,  J a p a n e s e  

v e s s e l s  f r o m  U n i t e d  S t a t e s  v e s s e l s ,  etc.  

P r i n c i p a l  c h a r a c t e r i s t i c s  o f  some t y p i c a l  s h i p b o a r d  r a d a r  

s y s t e m s  a re  summar ized  i n  F i g u r e  1 3 .  By c o m p a r i n g  f i v e  e a s i l y  

measu red  p a r a m e t e r s ,  e a c h  o f  t h e  r a d a r  s y s t e m s  shown h e r e  c a n  b e  

u n i q u e l y  i d e n t i f i e d  a t  d i s t a n c e s  o f  200 m i l e s  or  more. P h o t o s  28 

t h r o u g h  30 show t h e  d i f f e r e n t  t y p e s  o f  r a d a r  c h a r a c t e r i s t i c a l l y  

c a r r i e d  by major w a r s h i p s ,  m e r c h a n t  s h i p s  and  s m a l l e r  p a t r o l  

v e s s e l s .  P h o t o s  3 1  a n d  32  show a t y p i c a l  J a p a n e s e  r a d a r  s y s t e m  

i n s t a l l e d  o n  a p o l e - a n d - l i n e  f i s h i n g  v e s s e l  i n  Kav ieng  h a r b o r .  

P h o t o s  3 3  t h r o u g h  3 5  show s imi la r  i n s t a l l a t i o n s  o n  f i s h i n g  

v e s s e l s  a t  R a b a u l .  A l l  o f  t h e s e  p o l e - a n d - l i n e  v e s s e l s  a p p e a r  t o  

b e  e q u i p p e d  w i t h  J a p a n e s e  "Furuno"  r a d a r ,  wh ich ,  a l t h o u g h  s i m i l a r  

i n  p u r p o s e  a n d  o p e r a t i o n  t o  s i m i l a r - c l a s s  U.S. r a d a r ,  c a n  b e  

e a s i l y  i d e n t i f i e d  w i t h  ELINT e q u i p m e n t .  T h r e e  o f  t h e s e  l a t t e r  

v e s s e l s  ( P h o t o  3 5 )  a r e  e q u i p p e d  w i t h  d i f f e r e n t  m o d e l s  o f  F u r u n o  

r a d a r ,  h e r e  d i s t i n g u i s h a b l e  by d i f f e r e n t  t y p e ,  s i z e  a n d  s h a p e  o f  

a n t e n n a  and  d r i v e  g e a r .  The o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e s e  

t h r e e  s y s t e m s ,  w h i l e  s i m i l a r  enough t o  b e  i d e n t i f i a b l e  a s  F u r u n o  

" f i s h i n g  v e s s e l "  c l a s s ,  are a l so  s u f f i c i e n t l y  d i f f e r e n t  t h a t  a 

t r a i n e d  ELINT o p e r a t o r  c o u l d  e a s i l y  d i s t i n g u i s h  b e t w e e n  them and  

s e p a r a t e l y  i d e n t i f y  e a c h  o f  t h e s e  t h r e e  v e s s e l s .  



R e p r e s e n t a t i v e  
F r e q u e n c y  PRF PW Scan P e a k  P o w e r  Model 

S h i p  T y p e  (MHz) (PPS) ( M s e c )  (set) (kw)  

U.S. Y a c h t  9 4 1 5 - 9 4 7 5  D e c c a  - 5 0 5 0  

D e c c a  - 1 1 0  
U.S. C o m m e r c i a l  

F i s h i n g  B o a t  9 4 1 0 - 9 4 8 0  

J a p a n e s e  C o m m e r c i a l  
F i s h i n g  B o a t  9 3 8 0 - 9 4 4 0  Furuno - F R 7 0 1  

R u s s i a n  C o m m e r c i a l  
I-' 
w F i s h i n g  B o a t  9 2 0 0  Don 

D e c c a  - RM926 M e r c h a n t  V e s s e l  9 3 8 0 - 9 4 4 0  

Papua-New G u i n e a  
P a t r o l  V e s s e l  9 4 1 5 - 9 4 7 5  D e c c a  - RM916A 

U . S .  N a v a l  V e s s e l  9 3 0 0  

F i g u r e  13: CHARACTERISTICS OF TYPICAL SHIPBOARD NAVIGATION RADAR SYSTEMS 
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7.3.2 S e c o n d a r y  S u r v e i l l a n c e  S y s t e m s  

"Seconda ry"  d e t e c t i o n / i d e n t i f  i c a t i o n  s y s t e m s  f o r  s e a  

s u r v e i l l a n c e  and m o n i t o r i n g  p u r p o s e s  i n c l u d e  b o t h  d i r e c t  v i s i o n  

and  e l e c t r o - o p t i c a l  s y s t e m s  and a s s o c i a t e d  s u p p o r t  equ ipmen t .  

T h e s e  a r e  d i s c u s s e d  s e p a r a t e l y .  

7 .3 .2 .1  Direct V i s i o n  

S i n c e  most e l e c t r o n i c  ( r a d a r  and  ELINT) s u r v e i l l a n c e  

m i s s i o n s  w i l l  b e  f l own  a t  r e l a t i v e l y  h i g h  a l t i t u d e s  f o r  maximum 

a r e a  c o v e r a g e ,  v i s u a l  d e t e c t i o n  o f  t a r g e t  v e s s e l s  w i l l  b e  much 

more d i f f i c u l t  t h a n  would b e  t h e  c a s e  a t  lower a l t i t u d e s ,  and  

i n i t i a l  c o n t a c t  w i l l  s e ldom b e  by d i r e c t  v i s i o n .  Unambiguous 

i d e n t i f i c a t i o n  o f  v e s s e l s ,  however ,  w i l l  o f t e n  r e q u i r e  v i s u a l  

c o n t a c t ,  a n d  l o w - a l t i  t u d e  m i s s i o n s  a g a i n s t  s m a l l  t a r g e t s  or  f o r  

s e a r c h  and  r e s c u e  p u r p o s e s  may r e l y  h e a v i l y  o n  human o b s e r v e r s .  

High-wing a i r c r a f t ,  s u c h  a s  t h e  Nomad p r e s e n t l y  o p e r a t e d  by t h e  

PNGDF, h a v e  a n  o b v i o u s  a d v a n t a g e  i n  t h i s  r e s p e c t  a s  p l a c e m e n t  o f  

t h e  wing i s  s u c h  t h a t  downward v i s i o n  i s  r e l a t i v e l y  u n o b s t r u c t e d .  

A l though  p e r c e n t a g e  a r e a  o b s t r u c t e d  i n  low-wing a i r c r a f t  w i l l  

v a r y  w i t h  p l a c e m e n t  of  t h e  o b s e r v e r  and  t y p e  of  a i r c r a f t ,  t h e  

s i t u a t i o n  d e p i c t e d  i n  F i g u r e  1 4  i s  t y p i c a l .  ~ i m e n s i o n a l  

v i s i b i l i t y  may b e  s u b s t a n t i a l l y  improved by t h e  a d d i t i o n  o r  

i n c o r p o r a t i o n  o f  p h y s i c a l l y  l a r g e r  windows a n d / o r  "bubb le"  

o b s e r v a t i o n  windows a s  shown h e r e  f o r  t h e  " l e f t  o b s e r v e r "  

s t a t i o n ,  b u t  high-wing a i r c r a f t  w i l l  s t i l l  r e t a i n  a n  a d v a n t a g e  i n  

t h i s  r e s p e c t .  

V e r t i c a l  n a v i g a t i o n  v iewf  i n d e r s  and d r i f  t s i g h t s  o f  t h e  t y p e  

u s e d  i n  p h o t o  mapping m i s s i o n s  or found  o n  r e c o n n a i s s a n c e  

a i r c r a f t  would b e  a  u s e f u l  a d d i t i o n  t o  any m a r i t i m e  s u r v e i l l a n c e  

a i r c r a f t .  T h e s e  s y s t e m s  a r e  s i m p l e ,  r e l i a b l e ,  r e l a t i v e l y  

i n e x p e n s i v e  a n d  c a n  b e  i n s t a l l e d  i n  a  w i d e  v a r i e t y  o f  a i r c r a f t .  

Wi th  f i e l d s  o f  v iew f rom 30  t o  90 d e g r e e s ,  t h e y  c a n  b e  r o t a t e d  

t h r o u g h  360 d e g r e e s  t o  v iew t h e  h o r i z o n  a s  w e l l  a s  p r o v i d i n g  a  
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v iew d i r e c t l y  below t h e  a i r c r a f t .  T y p i c a l  s y s t e m s  would i n c l u d e  

t h e  g y r o - s t a b i l i z e d  Bend ix  B3B a n d  Wi ld  NF-28 d r i f t s i g h t s  or  t h e  

C h i c a g o  A e r i a l  A-17VF or VF-57 v i e w f i n d e r s .  

S t a b i l i z e d  b i n o c u l a r s  m i g h t  a l s o  b e  a u s e f u l  tool,  

p a r t i c u l a r l y  a t  l o w  a l t i t u d e  or when f l y i n g  i n  rough  a i r .  T h e s e  

hand -he ld  s y s t e m s  employ a n  i n t e r n a l  g y r o  or  s imi l a r  d e v i c e  t o  

o p t i c a l l y  s t a b i l i z e  a m a g n i f i e d  image p r e s e n t e d  t o  t h e  e y e .  

A l t h o u g h  t h e  o u t e r  case o f  t h e  b i n o c u l a r  (or  t h e  o b s e r v e r  

h i m s e l f )  may b e  s u b j e c t e d  t o  s e v e r e  v i b r a t i o n  or a b r u p t  movement, 

t h e  image s e e n  t h r o u g h  t h e  b i n o c u l a r  w i l l  r e m a i n  r e m a r k a b l y  

s t e a d y ,  e n a b l i n g  i d e n t i f i c a t i o n  o f  o b j e c t s  a t  u n u s u a l l y  l o n g  

d i s t a n c e s  u n d e r  p o o r  o p e r a t i n g  c o n d i t i o n s .  

7 .3 .2 .2  E l e c t r o - O p t i c a l  S y s t e m s  

Low-ligh t - l e v e l  t e l e v i s i o n  (LLLTV) s y s  tems have  b e e n  

i n s t a l l e d  i n  a number o f  a i r c r a f t  a s  a n  a i d  t o  o p e r a t i o n s  u n d e r  

c o n d i t i o n s  o f  r e d u c e d  v i s i b i l i t y .  The  s i m p l e s t  o f  t h e s e  s y s t e m s  

employ h i g h - q u a l i t y  o p t i c s  a n d  i n t e r n a l  l i g h t  a m p l i f i c a t i o n  

d e v i c e s  to  make maximum u s e  o f  any  a v a i l a b l e  l i g h t .  A l though  

p e r h a p s  b e s t  u s e d  a t  lower a l t i t u d e s  a t  d u s k  a n d  dawn, some LLLTV 

s y s t e m s  c a n  b e  e f f e c t i v e l y  u s e d  a t  n i g h t  u n d e r  s t a r l i g h t  

c o n d i t i o n s .  T h e s e  u n i t s  c a n  b e  pod-mounted and  c a r r i e d  

e x t e r n a l l y  or  may b e  i n s t a l l e d  d i r e c t l y  i n  t h e  a i r c r a f t .  

F o r w a r d - l o o k i n g  i n f r a r e d  s y s t e m s  (FLIR)  may b e  s i m i l a r l y  

i n s t a l l e d .  T h e s e  s y s t e m s  d e t e c t  and  d i s p l a y  d i f f e r e n c e s  i n  

t e m p e r a t u r e ,  or  t h e  i n t r i n s i c  r a d i a t i o n  o f  warm o b j e c t s  and  

s u r f a c e s  r a t h e r  t h a n  r e f l e c t e d  l i g h t ,  and  a r e  t h u s  e q u a l l y  

e f f e c t i v e  i n  day  or n i g h t  o p e r a t i o n s .  I n  a d d i t i o n  t o  d e t e c t i n g  

t h e  p r e s e n c e  o f  v e s s e l s  and  f l o a t i n g  o b j e c t s ,  t h e s e  s y s t e m  c a n  

a l s o  p r o v i d e  a r e c o r d  o f  s e a  s u r f a c e  t e m p e r a t u r e s  o v e r  a  l a r g e  

area. A s  w i t h  LLLTV, t h e  p r i n c i p a l  u s e  o f  FLIR s y s t e m s  o n  most 

m i s s i o n s  would b e  a s  a n  a d j u n c t  t o  r a d a r  or f o r  n i g h t  o p e r a t i o n s  

a g a i n s t  s m a l l  t a r g e t s .  



Under  good  w e a t h e r  c o n d i t i o n s ,  LLLTV o r  FLIR s y s t e m s  m i g h t  

d e t e c t  t a r g e t s  a t  r a n g e s  u p  t o  1 0  mi les  o r  more. C l o u d s  o r  r a i n  

may r e d u c e  t h i s  r a n g e  t o  z e r o .  

7 . 3 . 3  A n c i l l a r y  Equipment  

A number o f  a d d i t i o n a l  i t e m s  m i g h t  b e  i n s t a l l e d  or c a r r i e d  

o n  a f i s h e r i e s  s u r v e i l l a n c e  a i r c r a f t  t o  i n c r e a s e  i t s  c a p a b i l i t y  

or  f l e x i b i l i t y .  T h e s e  m i g h t  i n c l u d e  a d r o p  h a t c h  f o r  

s e a r c h - a n d - r e s c u e  m i s s i o n s  or f o r  d r o p p i n g  m a r k e r s ,  a n  e x t e r n a l  

h igh-powered  s e a r c h  l i g h t  f o r  n i g h t  o p e r a t i o n s ,  a l o u d - h a i l e r  f o r  

a i r c r a f t - t o - s u r f a c e  d i r e c t  c o m m u n i c a t i o n s ,  and  a v a r i e t y  o f  

cameras f o r  r e c o r d i n g  p u r p o s e s .  Some hand -he ld  cameras are  

a v a i l a b l e  w i t h  a n a v i g a t i o n  s y s t e m  i n t e r c o n n e c t  t h a t  w i l l  

a u t o m a t i c a l l y  p r i n t  t i m e ,  d a t e  a n d  g e o g r a p h i c  c o o r d i n a t e  p o s i t i o n  

o n  e a c h  p h o t o g r a p h ,  p r o v i d i n g  a p e r m a n e n t  r e c o r d .  

Compu te r  g r a p h i c  s y s t e m s  are  a l so  a v a i l a b l e  a s  n a v i g a t i o n  

a n d  d o c u m e n t a t i o n  a i d s .  P a r t i c u l a r l y  u s e f u l  i n  a " t a c t i c a l  

c o o r d i n a t i o n "  role ,  t h e s e  s y s t e m s  c a n  a c c e p t  i n p u t s  f rom r a d a r ,  

ELINT, VLF/OMEGA, a n  o n b o a r d  c o m p u t e r  o r  d i r e c t  k e y b o a r d  and  

p r o v i d e  a t e l e v i s i o n  t y p e  d i s p l a y  o f  a i r c r a f t  p o s i t i o n  r e l a t i v e  

t o  l a n d ,  t a r g e t s ,  w a y p o i n t s  or any  o t h e r  c o o r d i n a t e s  or d a t a  

d e s i r e d .  

I n  a d d i t i o n  t o  t h e  s t a n d a r d  n a v i g a t i o n  and  c o m m u n i c a t i o n s  

s y s t e m s ,  t h e  a i r c r a f t  s h o u l d  a l s o  b e  e q u i p p e d  w i t h  HF r a d i o  f o r  

d i r e c t  c o m m u n i c a t i o n s  w i t h  t h e  F i s h e r i e s  D e p a r t m e n t  " c o n t r o l  

c e n t e r " ,  so a s  t o  r e c e i v e  u p d a t e d  p o s i t i o n  r e p o r t s  o n  l i c e n s e d  

f i s h i n g  v e s s e l s  w i t h i n  t h e  s e a r c h  area or  o n  o t h e r  t r a f f i c  o f  

i n t e r e s t .  A s  t h e  p o s i t i o n  o f  l i c e n s e d  v e s s e l s  c a r r y i n g  s a t e l l i t e  

t r a n s m i t t e r s  c a n  b e  d e t e r m i n e d  w i t h  t h e  recommended ELINT 

e q u i p m e n t ,  t h i s  c o u l d  b e  u s e d  t o  v e c t o r  t h e  a i r c r a f t  t o  t h e  

f i s h i n g  f l e e t  area a s  w e l l  a s  a c h e c k  o n  t h e  s a t e l l i t e  s y s t e m  

i t s e l f  . 



7 . 3 . 4  E s t i m a t e d  S y s t e m s  Costs 

S u r v e i l l a n c e  s y s t e m  costs c a n  e a s i l y  e q u a l  o r  e x c e e d  h a l f  

t h e  cost  o f  t h e  l i g h t  o r  medium t w i n - e n g i n e  t u r b o - p r o p  a i r c r a f t  

r e q u i r e d  t o  c a r r y  them. I n  many c a s e s ,  a  s i g n i f i c a n t  p o r t i o n  o f  

t h e  t o t a l  p a c k a g e  ( a i r c r a f t  and s u r v e i l l a n c e  s y s t e m s )  costs may 

b e  i n  m o d i f i c a t i o n s  r e q u i r e d  t o  p h y s i c a l l y  i n s t a l l  a  g i v e n  s y s t e m  

i n  a  p a r t i c u l a r  a i r c r a f t .  F o r  t h e s e  r e a s o n s ,  i t  is d i f f i c u l t  t o  

p r e s e n t  a n  a d e q u a t e  p i c t u r e  o f  s y s t e m s  costs, a i r c r a f t  costs,  and  

m o d i f i c a t i o n  costs  i n  i s o l a t i o n .  They a r e  b e s t  d i s c u s s e d  and  

compared a s  a l t e r n a t i v e  package  c o n f i g u r a t i o n s .  A c o m p a r i s o n  of 

b a s i c  s y s t e m  p u r c h a s e  costs  may, however ,  s e r v e  t o  i l l u s t r a t e  

r e l a t i v e  s y s t e m  costs  a n d  t h u s  p r o v i d e  some i n d i c a t i o n  o f  t o t a l  

costs. I t  s h o u l d  b e  s p e c i f i c a l l y  n o t e d ,  however ,  t h a t  t h e s e  

cos ts  d o  n o t  i n c l u d e  i n s t a l l a t i o n  o r  any  m o d i f i c a t i o n  t h a t  may b e  

r e q u i r e d  t o  e i t h e r  s u r v e i l l a n c e  s y s t e m  o r  a i r c r a f t .  P r i c e s  shown 

a r e  i n  1980  U.S. d o l l a r s  f o r  t y p i c a l  s y s t e m s  w i t h  s t a n d a r d  

o p t i o n s .  

Rada r  

Wea the r  R a d a r  

S e a  S u r v e i l l a n c e  R a d a r  

ELINT 
( H i g h l y  d e p e n d e n t  o n  
s p e c i f i c  e q u i p m e n t )  

Direct V i s i o n  

D r i f t s i g h t  

V i e w f i n d e r  

S t a b i l i z e d  B i n o c u l a r s  

E l e c t r o - O p t i c a l  

LLLTV 

FLIR 
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A s  a  g e n e r a l  r u l e ,  t h e  p r i n c i p a l  r e q u i r e m e n t s  f o r  a i r c r a f t  

s e l e c t e d  f o r  n o n - m i l i t a r y  m a r i t i m e  s u r v e i l l a n c e  a c t i v i t i e s  a r e  

( i n  o r d e r  o f  i m p o r t a n c e ) :  r a n g e  o r  e n d u r a n c e  o n  s t a t i o n ,  

p a y l o a d ,  s p e e d  a n d  a l t i t u d e  c a p a b i l i t y .  E a s e  o f  m a i n t e n a n c e ,  

r e p a i r ,  commona l i t y  o f  e q u i p m e n t  a n d  a v a i l a b i l i t y  o f  s u p p o r t  

s e r v i c e s  a r e  o t h e r  f a c t o r s  t h a t  t o g e t h e r  w i t h  s y s t e m s  cos t  w i l l  

d e f i n e  t h e  s p e c i f i c  a i r c r a f t  o r  c o m b i n a t i o n s  o f  a i r c r a f t  t h a t  

o f f e r  t h e  most c o s t - e f f e c t i v e  s o l u i o n  t o  any  n a t i o n ' s  m a r i t i m e  

s u r v e i l l a n c e  prob lem.  

A v a r i e t y  o f  a i r c r a f t  i n c l u d i n g  h i g h - p e r f o r m a n c e  j e t  

a i r c r a f t ,  l o n g - r a n g e  p a t r o l  p l a n e s  and  l o w  a l t i t u d e  STOL a i r c r a f t  

h a v e  b e e n  p r o p o s e d  t o  t h e  p a t r o l  p l a n e s  and  l o w  a l t i t u d e  STOL 

a i r c r a f t  have  b e e n  p r o p o s e d  t o  t h e  PNG Government  by v a r i o u s  

m a n u f a c t u r e r s  and  s u p p l i e r s  f o r  t h e  f i s h e r i e s  a n d  m a r i t i m e  

s u r v e i l l a n c e  role. Each m a n u f a c t u r e r  h a s  n a t u r a l l y  s o u g h t  t o  

p r e s e n t  h i s  p r o d u c t  i n  i t s  b e s t  l i g h t .  A s  a  c o n s e q u e n c e ,  

c o m p a r i s o n s  o f  a l t e r n a t i v e  a i r c r a f t  o r  s y s t e m s  c o n t a i n e d  i n  s u c h  

p r e s e n t a t i o n s  a r e  u s u a l l y  less t h a n  c o m p l e t e  and  may i n  f a c t  b e  

b a s e d  on  u n r e a l i s t i c  ( a n d  o f t e n  u n s t a t e d )  a s s u m p t i o n s  r e g a r d i n g  

a l t i t u d e ,  a i r s p e e d ,  p a y l o a d  o r  f l i g h t  e n d u r a n c e  r e q u i r e m e n t s .  

A c o m p l e t e  c o m p a r a t i v e  a n a l y s i s  o f  t h e  cos t s  and  

e f f e c t i v e n e s s  o f  a l t e r n a t i v e  a i r c r a f t  s y s t e m s  f o r  PNG is beyond 

t h e  s c o p e  o f  t h i s  r e p o r t .  Some s i m p l e  o b s e r v a t i o n s  may b e  made, 

however .  The optimum f l y i n g  h e i g h t  f o r  r a d a r  a n d  ELINT-equipped 

s e a  s u r v e i l l a n c e  a i r c r a f t  h a s  b e e n  shown t o  b e  i n  t h e  r a n g e  o f  

2 ,000  t o  25 ,000  f e e t  a l t i t u d e .  O p e r a t i n g  b e t w e e n  t h e s e  

a l t i t u d e s ,  m o d e r a t e l y  s i z e d  t a r g e t s  may be d e t e c t e d  a t  r a n g e s  u p  

t o  a p p r o x i m a t e l y  70 nm by r a d a r  a n d  250 nm w i t h  ELINT. Below 

2 ,000  f e e t ,  d e t e c t i o n  r a n g e  is s e v e r e l y  l i m i t e d  by t h e  

l i n e - o f - s i g h t  h o r i z o n ,  w h i l e  above  1 0 , 0 0 0  f e e t  r a d a r  d e t e c t i o n  

r a n g e  f o r  m o d e r a t e  s i z e  t a r g e t s  may a c t u a l l y  d e c r e a s e  a s  a  

f u n c t i o n  o f  i n c r e a s i n g  " s e a  r e t u r n "  a n d  c h a n g i n g  t a r g e t  a n g l e .  



The  p r i n c i p a l  a d v a n t a g e s  o f  p u r e  j e t  a i r c r a f t  a r e  t h e i r  h i g h  

s p e e d ,  wh ich  d e c r e a s e s  t h e  t i m e  r e q u i r e d  t o  f l y  f r o m  p o i n t  t o  
p o i n t ,  a n d  t h e i r  a b i l i t y  t o  o p e r a t e  a t  h i g h  a l t i t u d e ,  a b o v e  t h e  

w e a t h e r .  They a re  most f u e l - e f f i c i e n t  a t  a l t i t u d e s  a b o v e  30 ,000  

fee t .  I n  c o n t r a s t ,  t u r b o p r o p  (or  j e t  p r o p )  a i r c r a f t  a r e  most 

f u e l - e f f i c i e n t  a t  a l t i t u d e s  be tween  1 0 , 0 0 0  and  25 ,000  f e e t .  

A l t h o u g h  t h e y  o p e r a t e  a t  slower s p e e d s ,  t h e y  a l s o  consume l e s s  

f u e l  p e r  h o u r  a n d  t h u s  h a v e  s i m i l a r  r a n g e  c a p a b i l i t y .  

I n  t h e  t y p i c a l  m a r i t i m e  s u r v e i l l a n c e  role,  a n  a i r c r a f t  m i g h t  

b e  r e q u i r e d  t o  c o n d u c t  a w i d e - a r e a  s e a r c h  a t ,  s a y ,  1 0 , 0 0 0  f e e t  

a l t i t u d e .  When a n  " u n i d e n t i f i e d "  v e s s e l  i s  d e t e c t e d  by r a d a r  o r  

o t h e r  means ,  t h e  a i r c r a f t  may b e  r e q u i r e d  t o  d e s c e n d  be low 3 , 0 0 0  

f e e t  t o  d e t e r m i n e  v e s s e l  t y p e  a n d  below 1 , 0 0 0  f e e t  f o r  p o s i t i v e  

i d e n t i f i c a t i o n .  P o s i t i v e  v e s s e l  i d e n t i f i c a t i o n  i s  r e q u i r e d  t o  

d e t e r m i n e  i f  a v e s s e l  is  i l l e g a l l y  f i s h i n g  i n  PNG waters. Such  

i d e n t i f i c a t i o n  is  b e s t  a c h i e v e d  f rom a n  a i r c r a f t  t h a t  i s  c a p a b l e  

o f  f l y i n g  s a f e l y  a t  s p e e d s  o f  1 0 0  k n o t s  or less a t  a l t i t u d e s  

below 1 , 0 0 0  f e e t .  

I n  g e n e r a l ,  t u r b o p r o p  a i r c r a f t  w i t h  t h e i r  c o m b i n a t i o n  o f  

o p e r a t i n g  e f f i c i e n c y  and  l o w  speed / low  a l t i t u d e  c a p a b i l i t y  would 

a p p e a r  t o  b e  more s u i t e d  t o  t h e  m a r i t i m e  s u r v e i l l a n c e  role  t h a n  

p u r e  je t  or r e c i p r o c a t i n g  e n g i n e  a i r c r a f t .  I t  i s  p r i m a r i l y  f o r  

t h e s e  r e a s o n s  t h a t  most o f  t h e  major n a t i o n s  o f  t h e  w o r l d  o p e r a t e  

t u r b o p r o p  a i r c r a f t  r a t h e r  t h a n  jets f o r  mi l i t a ry  m a r i t i m e  

s u r v e i l l a n c e  p u r p o s e s .  

A r e v i e w  o f  o p e r a t i o n a l  s u r v e i l l a n c e  s y s t e m s  ( S e c t i o n  7 .3  ) 

i n d i c a t e s  t h a t  t h e  most e f f e c t i v e  minimum a i r c r a f t  p a c k a g e  would 

i n c l u d e  a 3 6 0 - d e g r e e  l o n g  r a n g e  sea s u r v e i l l a n c e  r a d a r  a n d  a 

c o m p r e h e n s i v e  ELINT s y s t e m .  Normal crew would c o n s i s t  o f  t w o  

p i l o t s ,  t w o  e q u i p m e n t  o p e r a t o r s ,  a n d  o n e  or  t w o  o b s e r v e r s ,  o n e  o f  

whom m i g h t  a c t  a s  t a c t i c a l  c o o r d i n a t o r .  The r a d a r  a n d  ELINT 

e q u i p m e n t  w i l l  we igh  a b o u t  600  pounds  d e p e n d i n g  o n  s p e c i f i c  

o p t i o n s .  W i t h  a n  a l l o w a n c e  o f  200 pounds  p e r  crew member p l u s  a n  

e x t r a  2 0 0  pounds  f o r  m i s c e l l a n e o u s  e q u i p m e n t  t h a t  may b e  c a r r i e d ,  

m i s s i o n  p a y l o a d  w i l l  b e  a b o u t  1 4 0 0  pounds .   his p a y l o a d  a n d  t h e  



a s s o c i a t e d  s p a c e  r e q u i r e m e n t  i s  w e l l  w i t h i n  t h e  r a n g e  o f f e r e d  by 

a v a r i e t y  o f  m o d e r a t e l y - p r i c e d  t u r b o p r o p  a i r c r a f t .  The  a i r c r a f t  

i t s e l f  s h o u l d  b e  p r e s s u r i z e d ,  t o  p e r m i t  o p e r a t i o n  d i r e c t l y  o v e r  

t h e  h i g h  t e r r a i n  e n c o u n t e r e d  i n  Papua  N e w  G u i n e a ,  and  a i r  

c o n d i t i o n e d ,  b o t h  f o r  crew c o m f o r t  o n  l o n g  m i s s i o n s  and  t o  

maximize  t h e  o p e r a t i o n a l  l i f e  o f  t h e  s u r v e i l l a n c e  e q u i p m e n t .  

Range a n d  s p e e d  r e q u i r e m e n t s  a r e  more d i f f i c u l t  t o  s p e c i f y ,  

a n d  some a s s u m p t i o n s  r e g a r d i n g  m i s s i o n  o b j e c t i v e s ,  p r o f i l e s  and  

o p e r a t i o n a l  c o n s t r a i n t s  m u s t  b e  made. The Papua  N e w  G u i n e a  DFZ 

c o v e r s  a n  area o f  a p p r o x i m a t e l y  750 ,000  s q u a r e  n a u t i c a l  miles. 

I d e a l l y  o n e  m i g h t  w i s h  t o  s e a r c h  t h i s  e n t i r e  area e v e r y  day .  

However,  i f  t h e  o b j e c t i v e  is t o  d e t e r  i l l e g a l  f i s h i n g  a c t i v i t y ,  

t h e n  c o m p l e t e  once-a-day c o v e r a g e  s h o u l d  n o t  b e  r e q u i r e d .  A s  a 

g e n e r a l  r u l e ,  20% c o v e r a g e  s h o u l d  b e  s u f f i c i e n t .  T h a t  is ,  i f  t h e  

master o f  a n  u n l i c e n s e d  v e s s e l  knows t h a t  a s u r v e i l l a n c e  a i r c r a f t  

f l y i n g  random s e a r c h  p a t t e r n s  i s  c o v e r i n g  t h e  e n t i r e  DFZ w i t h i n  a 

f i v e - d a y  p e r i o d  a n d  h e  h a s  o n e  c h a n c e  i n  f i v e  o f  b e i n g  

i n t e r c e p t e d ,  h e  w i l l  b e  u n l i k e l y  t o  r i s k  l o s s  o f  h i s  v e s s e l  a t  

t h e s e  odds .  - 
~ r a d i t i o n a l l y ,  few n a t i o n s  h a v e  a c t u a l l y  c a r r i e d  o u t  s e a r c h  

-- m i s s i o n s  a t  t h i s  l e v e l  o f  i n t e n s i t y .  T h i s  may b e  a t t r i b u t e d  t o  

t h e  f a c t  t h a t ,  u n t i l  r e c e n t l y ,  sea s u r v e i l l a n c e  m i s s i o n s  were 

r e q u i r e d  t o  b e  f l o w n  a t  a l t i t u d e s  o f  3 ,000  f e e t  o r  less  d u e  t o  
* - 

l i m i t a t i o n s  i n  r a d a r  o p e r a t i o n a l  p e r f o r m a n c e  a n d  r e l i a n c e  o n  

v i s u a l  c o n t a c t .  A t  t h e s e  a l t i t u d e s  and  o p e r a t i n g  w i t h  s t a n d a r d  
- - 

r a d a r  s y s t e m s ,  t h e  e f f e c t i v e  d e t e c t i o n  r a n g e  f o r  m o d e r a t e l y - s i z e d  

t a r g e t s  would b e  a p p r o x i m a t e l y  3 5  nm, p r o v i d i n g  i n s t a n t a n e o u s  
-- c o v e r a g e  o f  a n  area  o f  some 220 s q u a r e  nm, o r  a b o u t  0 .03% o f  t h e  

Papua  N e w  G u i n e a  DFZ. T h i s  l i m i t e d  area c o v e r a g e  means t h a t  a 

-. - g r e a t  number o f  s e a r c h  l i n e s  m u s t  b e  f l o w n ,  wh ich  i n  t u r n  

i n d i c a t e s  a  n e e d  f o r  l a r g e r  a i r c r a f t  w i t h  l o n g  e n d u r a n 2 e  

* "  
c a p a b i l i t y .  T h i s  i s  r e f l e c t e d  i n  t h e  s e a r c h  p a t t e r n  p r o p o s e d  by 

o n e  major m a n u f a c t u r e r  o f  l a r g e  a i r c r a f t  ( F i g u r e  1 5 ) .  T h i s  

t y p i c a l  p a t t e r n  would p e r m i t  i n s p e c t i o n  o f  40% o f  t h e  DFZ e a c h  
- * 

week,  w i t h  a b o u t  7 5  t o  8 0  f l i g h t  h o u r s  r e q u i r e d .  



Figure 15: TYPICAL LOW-ALTITUDE SEARCH PATTERN FOR 
AIRCRAFT WITH STANDARD EQUIPMENT 



S i g n i f i c a n t  a d v a n t a g e s  a c c r u e ,  i n  terms o f  a r e a  c o v e r e d  p e r  

u n i t  t i m e ,  i f  t h e  s e a r c h  a i r c r a f t  c a n  b e  o p e r a t e d  e f f e c t i v e l y  a t  

h i g h e r  a l t i t u d e s .  Wi th  t h e  c o m b i n a t i o n  o f  advanced  sea 

s u r v e i l l a n c e  r a d a r  and ELINT s y s t e m s  recommended h e r e ,  s e a r c h  

a i r c r a f t  c a n  o p e r a t e  e f f i c i e n t l y  i n  t h e  1 0 , 0 0 0  t o  25 ,000  f o o t  

a l t i t u d e  r a n g e .  A s  shown i n  F i g u r e  1 6 ,  a t  a n  a l t i t u d e  o f  10 ,000  

f e e t  t h e  r a d a r  c o v e r a g e  a r e a  i n c r e a s e s  t o  31 ,400  s q u a r e  nm, o r  

more t h a n  1 4 0  t i m e s  t h a t  p o s s i b l e  a t  3 ,000  f e e t .  When combined 

w i t h  ELINT c a p a b i l i t y ,  t h e  i n s t a n t a n e o u s  a r e a  c o v e r a g e  i n c r e a s e s  

t o  196 ,350  s q u a r e  nm, n e a r l y  900 times t h e  s t a n d a r d  r a d a r  

c o v e r a g e  a t  l o w  a l t i t u d e .  T h i s  i n c r e a s e d  e f f i c i e n c y  means t h a t  

100% o f  t h e  DFZ c a n  now b e  c o v e r e d  i n  less t h a n  o n e - t h i r d  t h e  

t i m e  o t h e r w i s e  r e q u i r e d  t o  c o v e r  o n l y  40% o f  t h e  a r e a .  A t y p i c a l  

p a t t e r n  i s  p r e s e n t e d  i n  F i g u r e  1 7 .  I f  t h e  o p e r a t i o n a l  a l t i t u d e  

i s  i n c r e a s e d  t o  25,000 f e e t ,  t h e n ,  a s  shown i n  F i g u r e  1 8 ,  70% o f  

t h e  t o t a l  DFZ m i g h t  b e  c o v e r e d  i n  a  s i n g l e  f l i g h t  o f  

a p p r o x i m a t e l y  e i g h t  h o u r s .  

The s i g n i f i c a n c e  o f  t h e s e  p e r f o r m a n c e  f i g u r e s  i s  t h a t  

s m a l l e r ,  less  complex,  and  less  e x p e n s i v e  a i r c r a f t  may now s e r v e  

e q u e l l y  w e l l  f o r  sea s u r v e i l l a n c e  p u r p o s e s .  G i v e n  t h e  e l e c t r o n i c  

s u r v e i l l a n c e  p a c k a g e  s p e c i f i e d  h e r e ,  a  s e a r c h  a i r c r a f t  w i t h  1 , 5 0 0  

nm r a n g e  c a p a b i l i t y  would b e  a d e q u a t e .  Wi th  t h e  a p p r o p r i a t e  

equ ipmen t ,  a n  a i r c r a f t  o f  t h i s  t y p e  c o u l d  a l so  b e  u s e d  t o  p r o v i d e  

a s u r v e i l l a n c e  s e r v i c e  t o  o t h e r  i s l a n d  g r o u p s .  A t y p i c a l  h i g h  

a l t i t u d e  m i s s i o n  ( F i g u r e  1 9 )  c o u l d  c o v e r  a  m a j o r  p o r t i o n  o f  t h e  

W e s t e r n  S o u t h  P a c i f i c  a r e a ,  i n c l u d i n g  M i c r o n e s i a ,  t h e  G i l b e r t  

I s l a n d s ,  T u v a l u ,  F i j i ,  N e w  H e b r i d e s ,  t h e  Solomons and  Papua  N e w  

Guinea ,  i n  a f o u r - d a y  p e r i o d ,  f l y i n g  l e s s  t h a n  e i g h t  h o u r s  p e r  

day .  

T h e r e  a re  s e v e r a l  r e l a t i v e l y  small  t u r b o p r o p  a i r c r a f t  

a v a i l a b l e  whose s i z e ,  p e r f o r m a n c e ,  and  p r i c e  would seem t o  make 

them v i a b l e  c a n d i d a t e s  f o r  t h e  s e a  s u r v e i l l a n c e  role. S i x  o f  

t h e s e ,  t o g e t h e r  w i t h  two j e t  a i r c r a f t  i n c l u d e d  f o r  c o m p a r i s o n  

p u r p o s e s ,  a r e  summarized b r i e f l y  i n  F i g u r e s  20 and  21. "Average 

e q u i p p e d "  p r i c e s  r a n g e  f rom a l o w  o f  $769 ,000  f o r  a  Rockwel l  

T u r b o  Commander 690B t o  a  h i g h  o f  $1 ,464 ,145  f o r  a  S w e r i n g e n  



nm Range 

F i g u r e  16:  DETECTION RANGE AND AREA COVERAGE FOR 
ALTERNATIVE SY STENS 

(150 m2 T a r g e t ;  10 ,000  f t  A l t i t u d e ;  S e a  S t a t e  2)  

Range D i a m e t e r  A r e a  
(nm) ( nm) (nm2 

A. V i s u a l  s e a r c h 1  10 20 1 ,250 

B. Weather  ~ a d a r ~  25 50 7 ,850 

C. Sea  S u r v e i l l a n c e  ~ a d a r ~  50 100 31,400 

D. ELINT s y s t e m 4  1 2 5  250 196,350 

1 Daytime o n l y ,  good v i s i b i l i t y  c o n d i t i o n .  

Bendix  RDR-1400 t y p e  sys t em;  d a y - n i g h t .  

APS-12 8A w i t h  f r e q u e n c y  a g i l i t y  ; d a y - n i g h t  . 
Day-night  o p e r a t i o n s .  R e q u i r e s  o p e r a t i n g  r a d a r  s y s t e m  on 
t a r g e t .  



F i g u r e  17: SEARCH PATTERN AND AREA COVERAGE 
(150 m2 target; 10,000 foot altitude: 24 s e a r c h  hou r s )  

RADAR 
100% of the DFZ 

ELINT 



F i g u r e  18 :  MAXIMUM RANGE SINGLE FLIGHT COVERAGE 
(150 m2 t a r g e t ;  25 ,000 f e e t  a l t i t u d e ;  8.2 s e a r c h  hou r s )  

RADAR 
70% of t h e  DFZ 

ELINT (-1 





0 The Jet Commander, a "soft" competitor in 
its first configuration. is the ancestor of Israel 
Aircraft's Westwind I.The Garrett fanjets and in- 
creased fuel capacity translate into transconti- 
nental range, while the roomy cabin has space for 

seven to 10 seats and an enclosed lavatory. 

CITATION I 

0 The Citation I. Cessna's smallest business jet, 
is designed for efficient, economical operation. 
The production run for the next two years is sold 
out  Pilots like the docile handling-unlike that of 
most jets, the wings are not swept back-and 
neighbors like the low noise levels. 

MERLIN I V A  

The long Merlin IVA is an executive version 
of the popular Metroliner commuter airplane. 
The cigar-shaped fuselage, which seats up to 
20 passengers in the Metroliner configuration, 
seats only 12 t o  1 5  in the IVA. This leaves a 
spacious cabin with room for  a toilet, and the  
IVA becomes a comfortable miniairliner. 

L 

SUPER KING AIR  

The Beech King Air turboprops have con- 
sistently sold well since the first Model 90 ap- 

peared in 1964. Not  always the fastest in their 
class, the King Airs have been popular o n  the 
basis of a roomy, comfortable cabin, quality 
construction and good flying habits. The Super 
King Air is  currently the reigning monarch of 
the Beech f lee t  

Max and cruise speeds a t  11,000 Ibs. 

19 79 Standard pr ice $2.3 75,000 
E s l imated average 

e q u ~ p p e d  pr ice 52.420.425 
Engines Gar TFE 731.3, 3.700 Ibs each 

Leng th  52113 i n  

Height  15 f t  10 i n  

S e a n  9/12 
W ingspan 44 f t  l o in  
W i n g  area 308.3 sq f t  

W ing  aspect ra t i o  6.5 
Max  r a m p  weight  23,000 Ibs 

M a x  takeoff weight  22,850 Ibs 

Standard e m p t y  weight  12.390 1bs 

Max  useful l oad  10.610 Iba 

Z e r o  fue l  weight  16,000 Ibs 

M a x  landing weight  19,000 I bs 

I W i n g  loading 

Power loading 

M a x  usable fue l  1.400 g. 

M a x  ra te  of  c l i m b  

Ce i l i ng  (ce r t i f  ocated) 

M a x  pressur l la t ion d i f ferent ia l  

8,000-ft cabin a l t i tude @ 

SE rate o f  c l i m b  

SE best rare of  c l imb  aorspeed 

SE c l i m b  gradient 

SE ce i l i ng  

'. " - : 3 :b' $ 5 -  -.-- 
4,000 f p m  
45,000 f t  

9 psi 

45.000 f t  

1,190 f p m  

150 k ts  

4 76 f t l n m  

25.000 f t  

M a x  speed 470 k t s  

N o r m a l  cruise @ 41.000 f t  430 k m  

F u e l  f l o w  @ normal  cruise 1.407 p p h  
Endurance @ norma l  cruise 

( n o  reserve) 6.7 hra 

S ta l l i ng  speed, clean 113 k n  

S ta l l i ng  speed, f lapdgear d o w n  91 k t s  

74.1 lbs lsq f t  T u r b u l e n t  air penetratoon speed 230 k n  

3.09 Ibdlb I 
1979 Standard price Sl.245.000 
Est imated average 

equipped pr ice 91.310.000 
Engines P&WAC JTl5D-1A. 2.200 Ibs each 

Leng th  43 f t  6 in 
He igh t  14 f t  4 in 
Seats 8 

I Wingspan 4 7 f t 1  in 
W i n g  area 278.5 cq f t  

W i n g  aspect ra t i o  7.83 

Max  r a m p  weight  12.000 Ibs 

M a x  takeof f  weight l l B 5 0  lbs  

S tandard  empty  weight  6,560 Ibs 

M a x  useful l oad  5,440 Ibs 
Zero  fue l  weight  8.400 Ibs 

M a x  landing weight  11,3501ba 
W i n g  loading 42.5 lbs lsq f t  

Power load ing  2.7 I b d l b  

19 79 Standard pr ice $1,275,000 
Est imated average 

equipped pr ice $1,464,145 
Engines Gar TPE 331-30-303G. 

840 shp each 
Leng th  59114 in 
He igh t  16 f t  7 i n  

Seats 12/15 
Wingspan 46 f t  3 in 
W i n g  ares 277.5 sq f t  

W i n g  aspect ra t i o  7.71 
M a x  r a m p  weight  12.600 Ibs 
M a x  takeof f  weight  12.500 Ibs 

Standard empty  weight 8,200 Iba 

M a x  usefu l  l oad  4.300 Ibs 
Zero  fue l  weight  N A 
M a x  landing weight  12.500 Ibs 

W i n g  loading 45 l b J c q  f t  

1979 Standard pr ice $1 .I 74,000 
Est imated average 

equipped p r i ce  51,340,000 
Engines P&WAC PT6A41.850 shp each 

Leng th  43 f t  9 i n  

H e i g h t  15 f t  
Seam 8/ 1 5 
Wingspan 54 f t  6 in 
W i n g  area 303 sq f t  

W i n g  aspact r a t i o  9.8 
Max  r a m p  weight  12.590 Ibs  

M a x  takeo f f  weight 12,500 Ibs  

Standard empty  weight  7.43 7 I bs 

M a x  usefu l  l oad  5,153 Ibs 

Zero  fue l  we igh t  10.400 Ibs 

M a x  landing weight  12,500 Iba 

W i n g  loading 41.3 I b d s q  f t  

Power loading 7.4 l b s l h p  

Max  usable fue l  564 gald3.807 Iba 

M a x  rate o f  c l imb  2,680 f p m  

Cei l ing (cert i f icated) 4 1 .OOO ft 
M a x  pressurizat ion dif ferential  8.5 ps i  

8,000-ft cabin a l t i t ude  @ 41,000 f t  

SE rate o f  c l i m b  800 f p m  

SE best rate o f  c l i m b  airspeed 147 k a  

SE c l i m b  gradient 340 f d n r n  , 

SE cei l ing 2 1 .OOO ft 
M a x  speed 354 k 0  

N o r m a l  cruise @ 35.000 f t  352 k n  

Fue l  f l o w  @ normal  cruiae . 96 7 p p h  

Endurance @ normal  cruiae 

( n o  reserve) 4.4 hra 

S ta l l i ng  speed. clean 93 k n  

Sta l l ing speed, flapslgear d o w n  83 k t s  

Turbu len t  air penetrat ion spepd 180 k m  

Power loading 7.4 lbs lhp  

M a x  usable fue l  554 galJ3.712 lbs 
M a x  rate o f  c l i m b  2,400 fprn 

Cei l ing (service) 26,300 f t  

Max pressurizat ion d i f ferent ia l  7 ps i  

8,000-ft cabin a l t i t ude  @ . 32.400 f t  

SE rate o f  c l i m b  650 f p m  

S E  best ra te of  c l i m b  airspeed 133 k m  

SE c l i m b  gradient 293 f d n m  

SE cei l ing 13,500 f t  

Max  speed 263 k n  

N o r m a l  cruise @ 25,000 250 k n  
Fue l  f l o w  @ norma l  cruise 454 p p h  

Endurance @ norma l  cruise 

( n o  reserve) 8.3 hra 

Sta l l ing speed. c lean 98 k m  

Sta l l ing speed, f lap Jgear  d o w n  86 k t s  

Turbu len t  air pene t ra t ion  speed N A 

Max  usable fuel 544 gald3.645 Itn 
M a x  ra te  o f  c l i m b  2.868 f p m  
Cei l ing (cer l i f icated)  35.000 it 
M a x  pressurizat ion d i f ferent ia l  6 ps i  

8.000-ft cabin a l t i t ude  8 2 7.360 f t  

SE rate o f  c l i m b  938 f p m  

SE best rate o f  c l i m b  airspeed 122 k u  
SE c l i m b  gradient 363 f d n m  

S E  cei l ing 19.150 f t  

Max  speed 289 k n  

N o r m a l  cruise @ 24,000 f t  275 k t s  

Fue l  f l o w  @ n o r m a l  cruise 598 p p h  
Endurance @ norma l  cruise 

( n o  reserve) 5.5 h n  

S ta l l i ng  speed. c lean 99 k n  

Sta l l ing speed. f lapdgear d o w n  75 k t s  

T u r b u l e n t  air pene l ra t ion  speed 171 k t r  

Figure 20: CANDIDATE SURVEILLANCE AIRCRAFT 

1 3 7  BESTAVA~LABLECOPY 



0 The stretched Mitsubishi. formerly known 
as the MU2-N, has become the Marquise with 
the addition of more powerful engines (the 
same used on the shorter Solitaire). A higher 
gross weight and room for an extra row of 
seats reduces the performance below the 
Solitaire's, but i t  still remains at the top of 
its class. 

1 9 7 9  Standard pr ice S 1,095.000 

Est imated average 
equipped p r i ce  S1.125.000 

Engines Gar TPE 33.10-501M, 715 h p  each 
Leng th  3 9  f t  5 i n  
He igh t  13  f t  8 i n  
Seats 911 1 
Wingspan 3 9  f t  2 i n  
W i n g  area 178 sq f t  
W i n g  aspect ra t i o  7.7 1 
M a x  ramp weight  11.625 Ib. 
M a x  takeof f  weight  11,575 IbS 
Standard e m p t y  weight 7,650 Ibs 
M a x  useful l oad  3,975 Ibs 
Z e r o  fue l  wei* t  9.950 Ibs 
M a x  landing weight 11.025 Ibs 

W i n g  loading 6 5  l b d s q  f t  
Power loading 8.1 lbs lhp 

Max usable fua l  403  gelt12.700 Ibr  
M a r  rate o f  c l i m b  2.675 f p m  
Ceil ing Icer t l f icated)  31.000 f t  
Max pressur izat~on d i f ferent ia l  6 psi 
8.000.ft  cabin a l t i t ude  @ 28.000 f t  
SE rate o f  c l i m b  6 75 f p m  
SE best ra te o f  c l i m b  airspeed 145 k ts  
SE c l i m b  gradient 2 8 0  f t f n m  
SE cei l ing 18,200 f t  
Max  speed 3 0 9  k u  
N o r m a l  cruise @ 20.000 f t  296  k ts  
Fue l  f l o w  @ norma l  cruise 5 9 2  p p h  
Endurance @ norma l  cruise 

( n o  reserve) 4.6 hrs  
Sta l l ing speed. clean 1 0 0  k ts  

Sta l l ing speed, flapstgear d o w n  76  k t s  
Turbu len t  air penetrat ion speed 1 9 1  k ts  

0 After steadfastly maintaining that it would 
not build a turboprop, Cessna had a change of 
heart and introduced the Conquest in  1977. 
The airplane is designed for high.altitude oper- 
ation; i t  is also at home on soft and short 
fields. The high - ;pect-ratio wing is of bonded 
construction and the Fowler flaps are of rigid 
honeycomb. 

CONQUEST 

TUKbO C O M M A N D E R  690s 

- .- - . - . - - 

The Commander 6908 is the latest of the 
Rockwell twin turboprops. a serles that was 
first produced in 1965. The 6908 is an im- 
proved version of the 690A: i t  has reduced 
nose levels and Increased performance and 
payloads. The standard price quoted is for a 
fully-equipped IFR airplane. 

CHEYENNE II 

The Cheyenne 11, Piper's first turboprop, is 
almost a Pressurized Navajo with turbines and 
t ip tanks. Its downspring pitch control made 
the term stability augmentation system fa- 
miliar to a lot of pilots. The market success of 
this airplane perhaps explains why Piper is  
content with turboprops in  the "jet age." 

1979  Standard pr ice 5937.000 
Estimated average equipped price 5995,000 
Engines Gar TPE 331SP01S,  

635  shp each 
Length 3 9  f t  
Height  13  f t  1 i n  
Seats 1 1  
Wingspan 4 9 f t 3  i n  
W i n g  area 253  M f t  
W i n g  aspect r a t i o  
Max  ramp weight  
M a x  takeof f  weight 
Standard empty  weight 
Max  useful l oad  
Zero  fue l  weight  
Max  landing weight 
W i n g  loading 
Power loading 

9.5 
9.925 Ibs 
9,850 Ibs 
5,589 Ibs 
4,336 Ibs 
8.100 Ibs 
9.360 Ibs 

38.8 Ibs/sq f t  
7.9 Ibs/hp 

1979 Standard pr ice $769.000 
Estimated average equipped price N A  
Engines Gar TPE331-5-251. 7 0 0  shp each 

Length 4 4  f t  4 i n  
Height  14  f t  9 i n  
S e a n  7 /10  
Wingspan 4 6  f t  7 i n  
Wing  area 2 6 6  sq f t  

W i n g  aspect ra t i o  8.2 
M a x  ramp we igh t  10.375 Ibs 
Max takeof f  weight  10,325 Ibs 

Standard e m p t y  weipht  6.195 Ibs 
M a x  usefut load 4,180 Ibs 
Zero  fue l  we igh t  8,750 Ib r  

Max  landing we iph t  9,675 I b r  

Wing  loading 38.8 I b d s q  ft 
Power loading 7.4 Ibs/hp 

1979  Standard pr ica $635,890 
Estimated average equipped prica $804.1 5 5  
Engines P&WAC PT6A-28 .620  r h p  each 
Length 3 4  f t 7  i n  
Height  1 2  f t  8 i n  
Seats 8 
Wingspan 4 2  f t  7 i n  
W i n g  area 2 2 9  sq f t  

Max  usable fue l  4 7 5  galJ3.182 Ibs 
Max  ra te  o f  c l i m b  2.435 f p m  
Cei l ing (cer t i f icated)  33.000 f t  
Max  pressurizat ion d i f ferent ia l  6.3 ps i  
8 ,000- f t  cabin a l t i tude @ 33.000 f t  
SE ra te  o f  c l i m b  7 1 5  f p m  
SE best rate o f  c l i m b  airspeed 1 2 0  k n  
SE c l i m b  gradient  3 5 7  f t f n m  
S E cei l ing 21.380 f t  
M a x  speed 2 7 9  k U  
N o r m a l  cruise @ 28,000 f t  2 7 1  k U  
Fue l  f l o w  @ n o r m a l  cruise 3 7 2  P P ~  
Endurance @ norma l  c ~ i s e  

( n o  reserve) 8.5 h r r  
Sta l l ing speed, clean 8 9  kpr 
Sta l l ing speed, flaps/gear d o w n  74  k U  
T u r b u l e n t  air penetrat ion speed 167 kta 

Max  usable fuel 384  g a I a . 5 7 3  IbS 

Max  rate o f  c l i m b  2.821 f p m  

Ceil ing (service) 32.800 f t  
Max  pressurizat ion d i f ferent ia l  5.5 ps i  

8 .000- f t  cabin a l t i t ude  @ 23.OQO f t  

SE rate o f  c l i m b  8 7 8  f p m  
SE best rate o f  c l i m b  airspeed 115  k n  

SE c l i m b  gradient 4 6 2  f t / n m  
SE cei l ing 19.600 ft 
M a x  speed 297  k n  
Norma l  cruise @ 22.000 f t  2 8 5  k n  
Fuel f l o w  @ norma l  c ~ i s a  523  P P ~  

Endurance @ norma l  cruise 
( n o  reserve) 4.9 hra 

Sta l l ing speed, clean 8 2  k n  
Sta l l ing speed, f lapdoear d o w n  . 7 7  k n  
Turbu len t  air penetrat ion speed 170  kt's 

Max  usable fuel 3 8 2  gald2.559 I b r  
Max  rate o f  c l i m b  2.800 f p m  
Ceil ing (service) 31,600 f t  
M a x  pressurization d i f ferent ia l  5.5 ps i  

8 ,000- f t  cabin a l t i tude @ 25.000 f t  

SE rate o f  c l i m b  6 6 0  fprn 
SE best rate o f  c l i m b  airspeed 113  k u  
SE c l i m b  gradient 3 5 0  f t f n m  

I W i n g  aspect ra t i o  
Max' ramp we igh t  

7.95 ( SE cei l ing 14,600 tt 

9.050 Ibs M a x  speed @ 11,000 f t  2 8 3  k U  
Max  takeof f  weight  9,000 Ibs 

Standard e m p t y  weight 4,976 Ibs 
M a x  useful load 4,074 Ibs 
Zero fue l  we igh t  7,200 I b r  

M a x  landing weight  9,000 I b r  

Wing  loading 39.3 l b d s q  tt 
Power load ing  7.3 I b r h p  

N o r m a l  cruise @ 11.000 f t  2 8 3  k t s  

Fuel  f l o w  @ normal  cruise 4 3 8  p p h  

Endurance @ normal  c ~ i s e  
( n o  reserve) 6.6 h rs  

Sta l l ing speed. clean 8 6  k a  
Sta l l ing speed. t lapdgear d o w n  75  k t s  
Turbu len t  air penetrat ion speed 1 7 7  k a  

Figure 21: CANDIDATE SURVEILLANCE AIRCRAFT 
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M e r l i n  I V A .  The Beech S u p e r  King A i r  200 a n d  t h e  C e s s n a  C o n q u e s t  

4 4 1  a r e  p r e s e n t l y  a v a i l a b l e  i n  "Maritime S u r v e i l l a n c e "  mode l s .  

R o c k w e l l  now p r o d u c e s  a new model  J e t p r o p  Commander 8 4 0  ( s i m i l a r  

t o  t h e  690B p i c t u r e d )  w i t h  a s i g n i f i c a n t l y  e x t e n d e d  r a n g e  and  

h i g h e r  u s e f u l  l o a d  and  a m a r i t i m e  v e r s i o n  h a s  b e e n  d e s i g n e d .  The  

j it sub is hi M a r q u i s e  i s  r e p o r t e d l y  a v a i l a b l e  i n  a m a r i t i m e  

c o n v e r s i o n ,  b u t  n o  s u p p o r t i n g  d a t a  i s  a v a i l a b l e  a t  t h e  p r e s e n t  

t i m e .  The  P i p e r  Cheyenne  I1 is  a v a i l a b l e  i n  a m a r i t i m e  

s u r v e i l l a n c e  model  t h a t  f e a t u r e s  a Bend ix  RDR 1 3 0 0  r a d a r  s y s t e m .  

N o  d e s i g n ' w o r k  h a s  b e e n  d o n e  t o  i n s t a l l  a sea s u r v e i l l a n c e  r a d a r  

o f  t h e  AN/APS-128 t y p e ,  b u t  i t  would a p p e a r  t h a t  t h e  a i r c r a f t  

c o u l d  b e  m o d i f i e d  t o  c a r r y  s u c h  a s y s t e m .  

A t  t h e  p r e s e n t  t i m e ,  Beech a n d  C e s s n a  would a p p e a r  t o  b e  t h e  

l e a d i n g  c o n t e n d e r s  f o r  t h e  m a r i t i m e  s u r v e i l l a n c e  a i r c r a f t  ro le ,  

a s  b o t h  have  b u i l t  and  m o d i f i e d  s u c h  a i r c r a f t .  The  Rockwe l l  

Commander 840  and  M i t s u b i s h i  M a r q u i s e  s h o u l d  d e f i n i t e l y  b e  

e x a m i n e d  i n  more ' d e t a i l  i f  o n l y  b e c a u s e  o f  t h e i r  h igh-wing  

d e s i g n .  F i n a l  s e l e c t i o n  be tween  t h e s e  a i r c r a f t  s h o u l d  b e  d e l a y e d  

p e n d i n g  d e c i s i o n  r e g a r d i n g  t h e  s p e c i f i c  s u r v e i l l a n c e  s y s t e m s  t o  

b e  c a r r i e d ,  power r e q u i r e m e n t s ,  number o f  crew s t a t i o n s  and  

s i m i l a r  c o n s i d e r a t i o n s .  

The  Nomad 22B p r e s e n t l y  o p e r a t e d  by t h e  PNG D e f e n c e  F o r c e  i s  

n o t  recommended f o r  t h e  p r i m a r y  sea s u r v e i l l a n c e  role.  Wi th  

e x t r a  f u e l  t a n k s  i n s t a l l e d ,  t h e  a i r c r a f t  d o e s  n o t  h a v e  s u f f i c i e n t  

r e m a i n i n g  p a y l o a d  c a p a c i t y  t o  a c c o m o d a t e  t h e  recommended 

s u r v e i l l a n c e  s y s t e m s ,  o p e r a t o r s ,  o b s e r v e r s ,  a i r  c o n d i t i o n i n g ,  and  

s i m i l a r  e q u i p m e n t .  The Nomad 22L " S e a r c h  M a s t e r "  mode l ,  a l t h o u g h  

b e t t e r  e q u i p p e d  f o r  t h i s  role ,  s t i l l  o f f e r s  p e r f o r m a n c e  t h a t  is  

s u b s t a n t i a l l y  below t h a t  o f  i t s  c o m p e t i t o r s  f o r  t h e  h i g h  a l t i t u d e  

s u r v e i l l a n c e  m i s s i o n .  T h i s  d o e s  n o t ,  however ,  mean t h a t  t h e  

p r e s e n t  Nomad 22B f l e e t  s h o u l d  n o t  b e  u s e d  i n  sea s u r v e i l l a n c e  

m i s s i o n  s u p p o r t .  The  a i r c r a f t  c o u l d  p l a y  a v e r y  u s e f u l  ro l e  i n  

l o w  a l t i t u d e  sweeps  a g a i n s t  t a r g e t s  s u c h  a s  t h e  i l l e g a l  "c lam 

b o a t s " ,  wh ich  d o  n o t  c a r r y  r a d a r  a n d  are  d i f f i c u l t  t o  d e t e c t  f r o m  

h i g h  a l t i t u d e .  S i m i l a r l y ,  i f  a v e s s e l  s e e n  t o  b e  i l l e g a l l y  



f i s h i n g  w i t h i n  t h e  DFZ moves beyond t h e  200 -mi l e  l i m i t  b e f o r e  i t  

c a n  b e  i n t e r c e p t e d  o n  t h e  s u r f a c e ,  t h e  d o c t r i n e  o f  " h o t  p u r s u i t "  

w i l l  o n l y  h o l d  i f  t h e  v e s s e l  h a s  b e e n  f o l l o w e d  and  k e p t  u n d e r  

c o n s t a n t  o b s e r v a t i o n  by t h e  s u r v e i l l a n c e  a i r c r a f t .  Under  t h e s e  

c o n d i t i o n s ,  m u l t i p l e  a i r c r a f t  may b e  r e q u i r e d  t o  m a i n t a i n  a 

r o t a t i n g  w a t c h  o n  t h e  v e s s e l  u n t i l  i t  c a n  b e  i n t e r c e p t e d  and  

b o a r d e d .  

8 . 1  E s t i m a t e d  C o s t s  f o r  Maritime S u r v e i l l a n c e  A i r c r a f t  

A i r c r a f t  costs v a r y  w i d e l y  as  a f u n c t i o n  o f  e q u i p m e n t  

o p t i o n s .  A v i o n i c s  and  o t h e r  s t a n d a r d  o p t i o n s  may r e p r e s e n t  25% o f  

t h e  t o t a l  p u r c h a s e  p r i c e .  O p t i o n s  d e s i r e d  i n  a  " m a r i t i m e  

s u r v e i l l a n c e "  a i r c r a f t ,  s u c h  a s  a n  e x t e n d e d - r a n g e  f u e l  s y s t e m ,  

u p g r a d e d  n a v i g a t i o n  and  r a d i o  equ ipmen t ,  o b s e r v a t i o n  windows, and  

m o d i f i e d  or heavy-du ty  wings  may add  a n o t h e r  30% o r  more. T o  

t h i s  mus t  be  a d d e d  t h e  cos t s  o f  t h e  s u r v e i l l a n c e  s e n s o r  s y s t e m s  

t h e m s e l v e s ,  t o g e t h e r  w i t h  t h e i r  i n s t a l l a t i o n  costs.  T h e s e  

i n s t a l l a t i o n  costs  w i l l  v a r y  s u b s t a n t i a l l y  a s  a f u n c t i o n  o f  t h e  

p a r t i c u l a r  s e n s o r  s y s t e m  c o n f i g u r a t i o n  and  a i r c r a f t  s e l e c t e d .  

D e c i s i o n s  r e g a r d i n g  t h e s e  items are  p r o p e r l y  p a r t  o f  a d e t a i l e d  

d e s i g n  s t u d y  e f f o r t .  U n t i l  s u c h  a n  e f f o r t  i s  c o m p l e t e d ,  any  cost  

estimate m u s t  b e  t r e a t e d  a s  rough  o r d e r - o f  -magni t u d e  numbers  

o n l y .  

The 1 9 7 9  " a v e r a g e  e q u i p p e d  p r i c e "  f o r  a b a s i c  Beech S u p e r  

King A i r  200 w a s  $1 ,340 ,000 .  The " m a r i t i m e  s u r v e i l l a n c e ' '  model  

o f  t h i s  a i r c r a f t ,  i n c l u d i n g  s e n s o r  s y s t e m s ,  i n s t a l l a t i o n  and 

m o d i f i c a t i o n ,  w i l l  cost  a n  e s t i m a t e d  $ 2 , 8 0 0 , 0 0 0  i n  1981 .  

I t  seems r e a s o n a b l e  t h e n  t o  assume t h a t  a n  e q u i p p e d  maritime 

s u r v e i l l a n c e  a i r c r a f t  f o r  Papua  N e w  G u i n e a  w i l l  cos t  be tween  $2 

m i l l i o n  and  $3 .5  m i l l i o n  U.S. d o l l a r s  by 1981 ,  e x c l u s i v e  o f  

s p a r e s .  



9.0 RECOMMENDATIONS AND CONCLUSIONS 

T h i s  s t u d y  h a s  c o n c l u d e d  t h a t  s u r v e i l l a n c e  o f  Papua  N e w  

G u i n e a ' s  D e c l a r e d  F i s h i n g  Zone u s i n g  advanced  t e c h n o l o g y  is  

f e a s i b l e  g i v e n  p r e s e n t  s y s t e m  c o n s t r a i n t s  and  b u d g e t  l i m i t a t i o n s .  

P o t e n t i a l  a d v a n t a g e s  o f  s u c h  s u r v e i l l a n c e  i n c l u d e  p r o t e c t i o n  o f  

t h e  c o u n t r y ' s  n a t i o n a l  i n t e r e s t ,  more e f f i c i e n t  e n f o r c e m e n t  o f  

n a t i o n a l  l a w s ,  more e f f e c t i v e  management o f  t h e  c o u n t r y ' s  f i s h e r y  

r e s o u r c e s ,  i n c r e a s e d  r e v e n u e s  f rom l i c e n s i n g  a g r e e m e n t s ,  and 

e x p a n s i o n  o f  t h e  s c i e n t i f i c  d a t a  b a s e .  

V a r i o u s  t e c h n i q u e s  a r e  a p p l i c a b l e  t o  t h e  s u r v e i l l a n c e  

problem.  C o o p e r a t i v e  v e s s e l s  may b e  m o n i t o r e d  w i t h  u s e  o f  t h e  

TIROS-N ARGOS D a t a  C o l l e c t i o n  Sys tem.  An a l t e r n a t i v e  t o  t h i s  

t e c h n i q u e  i s  t h e  T R A N ~ I T / O M E G A  n a v i g a t i o n  s y s t e m  w i t h  a  SSB 

d i g i t i a l  d a t a  r e l a y .  D e t e c t i o n  and  s u r v e i l l a n c e  o f  

n o n - c o o p e r a t i v e  v e s s e l s  w i l l  r e q u i r e  a n  a i r b o r n e  c a p a b i l i t y .  A 

d e d i c a t e d  m a r i t i m e  s u r v e i l l a n c e  a i r c r a f t  w i t h  s u r f a c e  s e a r c h  

r a d a r  and  a n  E L I N T  c a p a b i l i t y  i s  recommended. 

M a i n t e n a n c e  o f  a  r e a c t i o n  or e n f o r c e m e n t  f o r c e  i s  a 

n e c e s s i t y  i f  t h e  o v e r a l l  s y s t e m  is  t o  work. D e t e c t i o n  a l o n e  w i l l  

n o t  s u f f i c e .  T h e r e  m u s t  b e  a  c a p a b i l i t y  t o  p u r s u e  a n d  c a p t u r e  

o f f e n d e r s .  The s u r v e i l l a n c e  s y s t e m  w i l l  assist  i n  l o g i c a l  and  

e f f i c i e n t  d e p l o y m e n t  o f  t h e  r e a c t i o n  f o r c e s  and  w i l l  g u i d e  t h e s e  

f o r c e s  t o  s p e c i f i c  o f f e n d e r s .  

S p e c i f i c  r ecommenda t ions  n e c e s s a r y  t o  e f f e c t  t h e s e  g e n e r a l  

c o n c l u s i o n s  f o l l o w .  

9 .1  C o o p e r a t i v e  T a r g e t s  

The PNG Government  s h o u l d  i m m e d i a t e l y  i n i t i a t e  a n  

a p p l i c a t i o n  f o r  p e r m i s s i o n  t o  u s e  t h e  ARGOS s y s t e m .  Upon r e c e i p t  

o f  p e r m i s s i o n ,  a n  o p e r a t i o n a l  s y s t e m  d e s i g n  s h o u l d  b e  f i n a l i z e d .  

An i n i t i a l  complement  o f  PTT's  s h o u l d  b e  p u r c h a s e d  a n d  i n s t a l l e d  

o n  t h e  f i s h i n g  v e s s e l s .  A r e c e i v i n g  s t a t i o n  s h o u l d  b e  p u r c h a s e d  

a n d  se t  up f o r  a n  i n i t i a l  s y s t e m  t e s t .  T r a i n i n g  p rog rams  f o r  

s y s t e m  o p e r a t i o n  and  m a i n t e n a n c e  s h o u l d  b e  e s t a b l i s h e d .  



p e r i p h e r a l  o c e a n o g r a p h i c  d a t a  s h o u l d  b e  c o l l e c t e d  

c o n c o m i t a n t  w i t h  c o l l e c t i o n  o f  v e s s e l  l o c a t i o n .  The  F i s h e r i e s  

D e p a r t m e n t  s h o u l d  s p e c i f y  t h e  t y p e s  o f  d a t a  d e s i r e d .  S e l e c t i o n  

o f  s p e c i f i c  s e n s o r s  a n d  r e q u i r e d  i n t e r f a c e  s h o u l d  b e  i n c l u d e d  i n  

a d e t a i l e d  d e s i g n  s t u d y  p r i o r  t o  PTT p u r c h a s e .  

9.2 Non-Coope ra t i ve  T a r g e t s  

D e t e c t i o n  o f  n o n - c o o p e r a t i v e  t a r g e t s  w i l l  r e q u i r e  a n  

a i r b o r n e  c a p a b i l i t y .  A d e d i c a t e d  m a r i t i m e  s u r v e i l l a n c e  a i r c r a f t  

s h o u l d  b e  o u t f i t t e d  w i t h  t w o  major s e n s o r  s y s t e m s ,  a s u r f a c e  

s e a r c h  r a d a r  a n d  a n  e l e c t r o n i c  i n t e l l i g e n c e  r a d a r  s i g n a l  

m o n i t o r i n g  syem. Recommended r a d a r  s y s  t e m s  i n c l u d e  t h e  L i  t t o n  

AN/APS-504(V)-2 a n d  t h e  AIL ( C u t l e r  H a m m e r )  AN/APS-128. 

I n  a d d i t i o n ,  t h e  s u r v e i l l a n c e  a i r c r a f t  s h o u l d  b e  o u t f i t t e d  

w i t h  a n  ARGOS P l a t f o r m  I n t e r r o g a t o r  and  F i e l d  T e s t  S e t .  T h i s  

w i l l  allow a i r b o r n e  v e r i f i c a t i o n  o f  c o o p e r a t i v e  v e s s e l s  and  a 

c h e c k  o f  p r o p e r  PTT o p e r a t i o n .  A l s o ,  c o o p e r a t i v e  v e s s e l s  s h o u l d  

b e  o u t £  i t t e d  w i t h  a r a d a r  b e a c o n  c o m p a t i b l e  w i t h  t h e  recommended 

s u r f a c e  s e a r c h  r a d a r .  T h i s  b e a c o n  w i l l  e n h a n c e  remote a i r b o r n e  

d i f f e r e n t i a t i o n  b e t w e e n  c o o p e r a t i v e  and  n o n - c o o p e r a t i v e  t a r g e t s .  

9 .3  M a r i t i m e  S u r v e i l l a n c e  A i r c r a f t  

-- 
Based  o n  a b r i e f  a n a l y s i s  o f  a v a i l a b l e  a i r c r a f t  wh ich  c o u l d  

b e  c o m p a t i b l e  w i t h  b o t h  t h e  o p e r a t i o n a l  r e q u i r e m e n t s  o f  t h e  
- * 

m i s s i o n  and  t h e  recommended s e n s o r  s y s t e m s ,  a l i s t  o f  c a n d i d a t e  

a i r c r a f t  h a s  b e e n  p r e p a r e d .  The  l e a d i n g  c o n t e n d e r s  i n c l u d e  t h e  
-,- B e e c h c r a f t  S u p e r  King  A i r  200 ,  t h e  C e s s n a  C o n q u e s t  441 ,  t h e  

R o c k w e l l  T u r b o  Commander 840 ,  and t h e  M i t s u b i s h i  M a r q u i s e .  

R e g a r d l e s s  o f  c h o i c e ,  t h e s e  a i r c r a f t  w i l l  r e q u i r e  m o d i f i c a t i o n  t o  

a c c e p t  a p p r o p r i a t e  r adomes  o r  s e n s o r  p o d s .  "Package"  

m o d i f i c a t i o n s  p r e s e n t l y  a v a i l a b l e  w i t h  c e r t a i n  o f  t h e s e  a i r c r a f t  

d o  n o t  i n c l u d e  k e y  e l e m e n t s  t h a t  w i l l  b e  r e q u i r e d  i n  Papua  N e w  

Gu inea .  



I n  a d d i t i o n  t o  t h e  d e d i c a t e d  a i c r a f t ,  t h e  p r e s e n t  f l e e t  o f  

D e f e n c e  F o r c e  Nomad a i r c r a f t  s h o u l d  b e  m a i n t a i n e d .  They c a n  

p r o v i d e  a  needed  l o w - a l t i t u d e  low-speed s u r v e i l l a n c e  c a p a b i l i t y .  

9 . 4  D a t a  C o o r d i n a t i o n  and  Management 

I m p l e m e n t a t i o n  o f  t h e  t o t a l  recommended s u r v e i l l a n c e  s y s t e m  

w i l l  r a p i d l y  g e n e r a t e  l a r g e  amoun t s  o f  d a t a .  Some o f  t h i s  d a t a  

w i l l  r e q u i r e  immed ia t e  r e a c t i o n ,  f o r  example,  n o n - c o o p e r a t i v e  

t a r g e t  i n t e r c e p t  d a t a .  The  o t h e r  d a t a  w i l l  c o n t i n u a l l y  

a c c u m u l a t e  and  w i l l  r e q u i r e  e f f i c i e n t  o r g a n i z a t i o n  and  s t o r a g e  

f o r  l a t e r  u s e .  TO i l l u s t r a t e ,  assume 50  v e s s e l s  l i n k e d  to  t h e  

s y s  t e m ,  e a c h  c o l l e c t i n g  f i v e  p a r a m e t e r s  o f  o c e a n o g r a p h i c  d a t a  

p l u s  l o c a t i o n  ( l a t i t u d e ,  l o n g i t u d e ) .  Each d a y ,  t h i s  s y s t e m  w i l l  

g e n e r a t e  2 ,450  u n i q u e  p i e c e s  o f  d a t a .  

I n  o r d e r  t o  a v o i d  becoming smothe red  i n  d a t a ,  a n  o p e r a t i o n a l  

p l a n  mus t  b e  d e v e l o p e d .  S t a f f i n g  mus t  b e  s u f f i c i e n t  t o  k e e p  up  

w i t h  t h e  s y s t e m .  An o r g a n i z e d  s t o r a g e  and r e t r i e v a l  s y s t e m  is  a 

n e c e s s a r y  r e q u i s i t e .  I n  o r d e r  t o  t a k e  a d v a n t a g e  o f  t h e  

i n f o r m a t i o n  i n  t h i s  d a t a ,  a  p r e l i m i n a r y  d a t a  a n a l y s i s  p l a n  is 

a l s o  h i g h l y  recommended. 

I n t e r c e p t i o n  o f  n o n - c o o p e r a t i v e  t a r g e t s  w i l l  r e q u i r e  close 

communica t ion  be tween  s u r v e i l l a n c e  a i r c r a f t  and  p u r s u i t  v e s s e l s .  

I t  is  s t r o n g l y  recommended t h a t  a 24 hour /day  DFZ Command C e n t e r  

b e  e s t a b l i s h e d  t o  c o o r d i n a t e  and  c o n t r o l  communica t ion  and  d a t a  

f l o w .  T h i s  C e n t e r  c o u l d  a l s o  h o u s e  t h e  ARGOS r e c e i v i n g  s t a t i o n  

and  c o o r d i n a t e  c o o p e r a t i v e  v e s s e l  d a t a  f l ow.  The " o p e r a t i o n a l  

p l a n "  r e f e r r e d  t o  above  s h o u l d  i n c l u d e  a n  a n a l y s i s  o f  DFZ Command 

C e n t e r  o r g a n i z a t i o n  and  o p e r a t i o n .  



9.5 R e m o t e  S e n s i n g  Data 

R e m o t e  s e n s i n g  d a t a  f r o m  many gove rnmen t  and  commercial 

s o u r c e s  may b e  of  g r e a t  v a l u e  t o  f i s h e r i e s  s c i e n t i s t s  and  

o c e a n o g r a p h e r s  i n  Papua  N e w  Gu inea .  E f f o r t s  s h o u l d  b e  made t o  

t r a i n  t h e s e  p e o p l e  i n  t h i s  t e c h n o l o g y  and  i t s  u t i l i z a t i o n .  

9 .6  O p e r a t i o n a l  D e s i g n  s t u d y  

The  t e c h n o l o g y  recommended h e r e i n  is p r o v e n  and  

o f f - t h e - s h e l f .  However, c o n s i d e r a b l e  s p e c i f i c  d e s i g n  w i l l  b e  

n e c e s s a r y  t o  p r o p e r l y  t a i l o r  t h e  a v a i l a b l e  h a r d w a r e  t o  t h e  PNG 

a p p l i c a t i o n .  T h i s  is t r u e  f o r  a l l  a s p e c t s  o f  t h e  s y s t e m ,  

i n c l u d i n g  t h e  PTT'S, t h e  o c e a n o g r a p h i c  s e n s o r  i n t e r f a c e s ,  t h e  

r e c e i v i n g  s t a t i o n ,  t h e  a i r b o r n e  s e n s o r  s e l e c t i o n  and  i n t e r f a c e ,  

a i r c r a f t  m o d i f i c a t i o n s  a n d  Command C e n t e r  o r g a n i z a t i o n .  An 

o p e r a t i o n a l  d e s i g n '  s t u d y  s h o u l d  be c o m p l e t e d  p r i o r  t o  a n y  

h a r d w a r e  p u r c h a s e .  T h i s  s t u d y  s h o u l d  p r o v i d e  d e t a i l e d  

o p e r a t i o n a l  s p e c i f i c a t i o n s  f o r  a l l  s y s t e m s .  T h e s e  s p e c i f i c a t i o n s  

c o u l d  b e  d i r e c t l y  i n p u t  t o  f u t u r e  p u r c h a s e  documen t s  o r  r e q u e s t s  

f o r  b i d s .  

9 .7  P i l o t  P r o j e c t  

R a t h e r  t h a n  p r o c e e d i n g  d i r e c t l y  t o  a f u l l - s c a l e  s u r v e i l l a n c e  

s y s t e m  m o n i t o r i n g  l o c a t i o n  o f  a l l  f i s h i n g  v e s s e l s  i n  PNG1s 

waters, i t  i s  recommended t h a t  PNG p r o c e e d  f i r s t  w i t h  a P i l o t  

P r o j e c t  o n  a smaller scale.  T h i s  P i l o t  P r o j e c t  c o u l d  o u t f i t  a 

maximum o f  p e r h a p s  3 0  v e s s e l s  w i t h  PTT's ,  e s t a b l i s h  t h e  

recommended r e f e r e n c e  t r a n s m i t t e r s ,  a n d  i n s t r u m e n t  some ra f t s .  

T h e  P i l o t  s y s t e m  s h o u l d  t h e n  b e  o p e r a t e d  f o r  p e r h a p s  o n e  y e a r  t o  

i r o n  o u t  any  o p e r a t i o n a l  d i f f i c u l t i e s  which  may a r i se .  Af t e r  

t h a t  t i m e ,  t h e  s y s t e m  c a n  g o  f u l l y  o p e r a t i o n a l .  



.,. 
1 0 . 0  FUTURE DIRECTION - A PILOT PROJECT APPROACH 

I m p l e m e n t a t i o n  of  t h e  r ecommenda t ions  c o n t a i n e d  i n  t h i s  

r e p o r t  w i l l  r e q u i r e  e x t e n s i v e  e f f o r t  and  e f f e c t i v e  t e c h n i c a l  

l e a d e r s h i p .  C o n s i d e r a t i o n  mus t  b e  g i v e n  t o  d e s i g n  o f  t h e  t o t a l  

s y s t e m .  T h i s  i n c l u d e s  i n s t a l l a t i o n ,  o p e r a t i o n ,  m a i n t e n a n c e ,  

t r a i n i n g ,  a n a l y s i s ,  and  r e a c t i o n  a s  w e l l  a s  t h e  more o b v i o u s  

h a r d w a r e  con£  i g u r a t i o n  and  d e s i g n .  

I m p l e m e n t a t i o n  o f  a  s y s t e m  t o  m o n i t o r  - a l l  f i s h i n g  v e s s e l s  

u t i l i z i n g  PNG w a t e r s  w i l l  b e  a  complex and  e x p e n s i v e  o p e r a t i o n .  

P r i o r  t o  f i n a l  commitment t o  s u c h  a  s y s t e m ,  i t  would b e  p r u d e n t  

t o  t es t  t h e  s y s t e m  o n  a  s m a l l e r  s c a l e .  Such a  t es t  would a l l o w  

o n e  to e x p e r i e n c e  t h e  r e a l - l i f e  o p e r a t i o n a l  p rob lems  t h a t  m i g h t  

a p p e a r  w i t h  t h i s  p r o t o t y p e  s y s t e m  and  t o  p r o p e r l y  d e s i g n  means to  

c i r c u m v e n t  them i n  a  f i n a l  o p e r a t i o n a l  s y s t e m .  I n  t h e  l o n g  r u n ,  

t h i s  p h a s e d  a p p r o a c h  would i n c r e a s e  t h e  c h a n c e s  of s u c c e s s  o f  t h e  

e n t i r e  c o n c e p t .  I t  would a l s o  d e c r e a s e  t h e  l i k e l i h o o d  o f  c o s t l y  

m i s t a k e s .  

A s  p r e s e n t l y  e n v i s i o n e d ,  a  p i l o t  P r o j e c t  o f  t h i s  s o r t  would 

h a v e  a  minimum o f  e i g h t  s e p a r a t e  and  d i s t i n c t  t a s k s .  I n  

a c t u a l i t y ,  t h e s e  e i g h t  t a s k s  w i l l  h ave  t o  be pe r fo rmed  r e g a r d l e s s  

o f  w h e t h e r  PNG p r o c e e d s  w i t h  a  s m a l l  s c a l e  t e s t  or  a  f u l l  s c a l e  

s y s t e m .  The e i g h t  t a s k s  i n c l u d e  f i n a l  s e l e c t i o n  of  a p p r o a c h  and  

t e c h n i q u e s ,  d e s i g n  o f  o p e r a t i o n a l  s p e c i f i c a t i o n s ,  f o r m a t i o n  o f  

p u r c h a s e  s p e c i f i c a t i o n s ,  p u r c h a s e  of  h a r d w a r e  and s e r v i c e s ,  

d e s i g n  and  c o n s t r u c t i o n  o f  command c e n t e r ,  h a r d w a r e  i n s t a l l a t i o n  

and  c h e c k o u t ,  o p e r a t i o n a l  s y s t e m  t e s t ,  and  t r a i n i n g  o f  p e r s o n n e l .  

A t  t h e  c o n c l u s i o n  o f  s u c h  a  p r o j e c t ,  a  d e c i s i o n  c o u l d  be made 

w h e t h e r  t o  p r o c e e d .  I f  so, t h e  f u l l  s c a l e  program c a n  be 

implemented  w i t h  c h a n g e s ,  s u g g e s t e d  by t h e  P i l o t  P r o j e c t ,  

i n t e g r a t e d  i n t o  t h e  f i n a l  d e s i g n .  

A b r i e f  d e s c r i p t i o n  o f  t h e s e  e i g h t  t a s k s  f o l l o w s .  



1 0 . 1  F i n a l  S e c t i o n  o f  Approach  and  T e c h n i q u e s  

T h i s  f e a s i b i l i t y  s t u d y  h a s  p r e s e n t e d  v a r i o u s  a l t e r n a t i v e  

a p p r o a c h e s .  The f i r s t  s t e p  i s  t o  s e l e c t  a n  a p p r o a c h  which  i s  t o  

b e  f o l l o w e d .  Major  h a r d w a r e  t y p e s  and  componen t s  m u s t  b e  

s p e c i f i e d .  I f  t h e  ARGOS s y s t e m  were s e l e c t e d ,  t h e s e  h a r d w a r e  

t y p e s  m i g h t  i n c l u d e  s p e c i f i c  o c e a n o g r a p h i c  s e n s o r s .  F o r  t h e  

a i r b o r n e  s y s t e m ,  t y p e  o f  a i r c r a f t ,  t y p e  o f  r a d a r ,  a n d  s p e c i f i c  

componen t s  o f  t h e  ELINT s y s t e m  would h a v e  t o  b e  s e l e c t e d . .  

1 0 . 2  O p e r a t i o n a l  a n d  P u r c h a s e  S p e c i f i c a t i o n s  

D e t a i l e d  s p e c i f i c a t i o n s  which  c o u l d  l a t e r  b e  i n s e r t e d  i n  t h e  

p u r c h a s e  d o c u m e n t s  would b e  o u t l i n e d .  T h e s e  s p e c i f i c a t i o n s  would 

i n c l u d e  s y s t e m  i n t e r f  ace, p a c k a g i n g ,  s i z e  and  w e i g h t ,  power ,  and 

r e l i a b i l i t y  r e q u i r e m e n t s .  

I n  c o n j u n c t i o n  w i t h  t h e  a p p r o p r i a t e  PNG c o n t r a c t i n g  o f f i c e ,  

p u r c h a s e  s p e c i f i c a t i o n s  would b e  drawn up. T h e s e  would i n c l u d e  

t h e  o p c r a t i o n a l  s p e c i f i c a t i o n s  a s  w e l l  a s  r e q u i r e m e n t s  f o r  

w a r r a n t y , -  i n s t a l l a t i o n ,  m a i n t e n a n c e ,  d o c u m e n t a t i o n ,  s p a r e  p a r t s ,  

t r a i n i n g ,  and  d e l i v e r y .  

10 .3  O p e r a t i o n a l  P l a n  

An i n i t i a l  o p e r a t i o n a l  p l a n  m u s t  b e  d e v e l o p e d .  I t  mus t  

s p e c i f y ,  i n  d e t a i l ,  a l l  s c h e d u l i n g  a s p e c t s  o f  t h e  p rog ram,  

i n c l u d i n g  h a r d w a r e  d e l i v e r y ,  i n s t a l l a t i o n ,  t e s t ,  and  o p e r a t i o n .  

I t  mus t  s p e c i f y  t h e  t y p e  o f  s t a f f  r e q u i r e d  and  s e l e c t  a p p r o p r i a t e  

i n d i v i d u a l s .  I t  m u s t  o r g a n i z e  and  c o o r d i n a t e  d a t a  f l o w  and  

r e a c t i o n  p o l i c i e s .  



10.4  P u r c h a s e  o f  Hardware  

The p u r c h a s e  s p e c i f i c a t i o n s  would b e  u s e d  a s  a  g u i d e  f o r  t h e  

p u r c h a s e  of  t h e  h a r d w a r e .  T e c h n i c a l  s u p p o r t  may b e  r e q u i r e d  f o r  

r e v i e w  o f  any p o t e n t i a l  c o n t r a c t o r ' s  b i d .  

1 0 . 5  Command C e n t e r  

A l o c a t i o n  mus t  b e  c h o s e n  f o r  t h e  Command C e n t e r .  I t  mus t  

b e  c o n s t r u c t e d  so as t o  accomoda te  t h e  a p p r o p r i a t e  r e c e i v i n g  or 

m o n i t o r i n g  s t a t i o n .  I n  a d d i t i o n ,  it mus t  h a v e  r e l i a b l e  

communica t ions  f a c i l i t i e s  l i n k i n g  it t o  a l l  s u r f a c e  and  a i r  

s u r v e i l l a n c e  and  e n f o r c e m e n t  c r a f t .  I t  mus t  have  c a p a b i l i t i e s  

f o r  s t o r a g e  and r e t r i e v a l  o f  d a t a  and s h o u l d  have  a p p r o p r i a t e  

means o f  p l o t t i n g  d a t a  t o  f a c i l i t a t e  t a c t i c a l  command d e c i s i o n s .  

S t a f f i n g  l e v e l s  mus t  b e  s p e c i f i e d  f o r  t h e  f a c i l i t y .  

10 .6  Hardware I n s t a l l a t i o n  and  Check-out 

Upon d e l i v e r y  o f  h a r d w a r e ,  i t  mus t  b e  i n s t a l l e d  and  checked  

o u t .  F o r  t h e  r e c e i v i n g  s t a t i o n ,  t h i s  s h o u l d  b e  p e r f o r m e d  by t h e  

c o n t r a c t o r  s u p p l y i n g  t h e  h a r d w a r e .  F o r  t h e  PTT's ,  i t  w i l l  b e  

d o n e  by P N G  p e r s o n n e l .  A i r c r a f t  s y s t e m s  s h o u l d  b e  i n s t a l l e d  and  

checked  o u t  by a major a i r c r a f t  m o d i f i c a t i o n  s u b c o n t r a c t o r  o r  by 

t h e  s u p p l i e r  o f  t h e  a i r c r a f t .  

10 .7  O p e r a t i o n a l  S y s t e m  T e s t  

The s y s t e m  s h o u l d  b e  o p e r a t e d  f o r  a p e r i o d  o f  o n e  y e a r .  

Dur ing  t h a t  t i m e ,  o p e r a t i o n a l  p r o c e d u r e s  mus t  r e m a i n  f l e x i b l e .  

V a r i o u s  d i f f e r e n t  p r o c e d u r e s  s h o u l d  be t e s t e d  and  t h e i r  r e s u l t s  

documented.  P r o c e d u r e s  f o r  h a n d l i n g  and  a n a l y z i n g  d a t a  mus t  b e  

con£  i rmed d u r i n g  t h i s  p e r i o d .  



10 .8  T r a i n i n g  o f  P e r s o n n e l  

Dur ing  t h e  o n e  y e a r  s y s t e m  t e s t ,  v a r i o u s  t r a i n i n g  c o u r s e s  

mus t  be  h e l d  f o r  PNG p e r s o n n e l .  T h e s e  mus t  i n c l u d e  c o u r s e s  i n  

s y s t e m  o p e r a t i o n ,  s y s t e m  ma in t enance ,  and  d a t a  a n a l y s i s .  

10 .9  F u l l  Sys t em I m p l e m e n t a t i o n  

A t  t h e  e n d  o f  t h e  o n e  y e a r  s y s t e m  tes t ,  a d e c i s i o n  w i l l  b e  

made w h e t h e r  t h e  s y s t e m  s h o u l d  p r o c e e d  t o  f u l l  o p e r a t i o n .  A t  

t h a t  t i m e ,  PNG w i l l  h a v e  a l l  n e c e s s a r y  c a p a b i l i t i e s  t o  implement  

and  o p e r a t e  t h e  f u l l  s y s t e m .  
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I n c l u d e d  i n  t h i s  a p p e n d i x  a r e  v a r i o u s  examples  o f  c u r r e n t  

remote s e n s i n g  p h o t o g r a p h s  and images a v a i l a b l e  f rom e i t h e r  

U .  S .  Government  s o u r c e s  o r  from commerc ia l  f i r m s .  A s  e x p l a i n e d  I 

I 

i n  t h e  body o f  t h i s  r e p o r t ,  mos t  o f  t h e s e  t y p e s  o f  d a t a  a r e  

i n a p p l i c a b l e  t o  t h e  s p e c i f i c  problem o f  r e g i o n a l  r e c o n n a i s s a n c e  

o f  f i s h i n g  v e s s e l s .  However, t h e  r e c o n n a i s a n c e  sys t em,  a s  I 

recommended, w i l l  a l s o  g a t h e r  c e r t a i n  t y p e s  o f  o c e a n o g r a p h i c  d a t a  

which  w i l l  b e  u s e d  i n  r e s e a r c h  on s t o c k  a s s e s s m e n t ,  s t o c k  

p r e d i c t i o n ,  and  l o c a t i o n  o f  f i s h  s c h o o l s .  Many o f  t h e  t e c h n i q u e s  

d e s c r i b e d  i n  t h i s  a p p e n d i x  c a n  c o n t r i b u t e  complementary d a t a  , 

which  may p r o v i d e  a v a l u a b l e  a d j u n c t  t o  t h a t  g a t h e r e d  by t h e  

r e c o n n a i s s a n c e  s y s t e m .  

The a d d r e s s e s  o f  a g e n c i e s  t h r o u g h  which imagery and 

p h o t o g r a p h y  may b e  o r d e r e d  a r e  a s  f o l l o w s :  

A e r i a l  P h o t o g r a p h y ,  S k y l a b ,  L a n d s a t  

EKOS D a t a  C e n t e r  
U .  S .  G e o l o g i c a l  S u r v e y  
S i o u x  F a l l s ,  S o u t h  Dakota  57198 

TIROS-N, CZCS, SEASAT - - 
S a t e l l i t e  D a t a  S e r v i c e s  Branch 
E n v i r o n m e n t a l  D a t a  and I n f o r m a t i o n  S e r v i c e  
N a t i o n a l  A t m o s p h e r i c  and O c e a n i c  A d m i n i s t r a t i o n  
World Wea the r  B u i l d i n g  
5200  Auth Road 
Camp S p r i n g s ,  Maryland 20233 

J a p a n e s e  GMS 

M e t e o r o l o g i c a l  I n f o r m a t i o n  C e n t e r  
J a p a n  Weather  A s s o c i a t i o n  
K a i j i  C e n t e r  B u i l d i n g  
4-5 Koj i -machi ,  Chiyoda-ku, Tokyo 
100  J a p a n  



A e r i a l  P h o t o g r a p h y  

A e r i a l  p h o t o g r a p h y ,  u s i n g  e i t h e r  b l a c k  and  w h i t e  

p a n c h r o m a t i c ,  b l a c k  and  w h i t e  i n f r a r e d ,  n a t u r a l  color,  o r  color 

i n f r a r e d  f i l m ,  may p r o v i d e  v a l u a b l e  i n f o r m a t i o n  o n  w a t e r  color,  

w a t e r  c l a r i t y  ( t u r b i d i t y ) ,  c u r r e n t  p a t t e r n s ,  p o l l u t i o n ,  s h i p s ,  

a n d  i n  some r a t h e r  r a r e  c a s e s ,  a c t u a l  s c h o o l s  o f  f i s h .  The 

s p a t i a l  r e s o l u t i o n  o f  most a e r i a l  p h o t o g r a p h s  i s  more t h a n  

s u f f i c i e n t  t o  n o t  o n l y  d e t e c t  v e s s e l s ,  b u t ,  i n  most c a s e s ,  t o  

d e t e r m i n e  t h e i r  t y p e .  V a r i o u s  d i f f e r e n t  f i l m  t y p e s  a c c e n t u a t e  

d i f f e r e n t  f e a t u r e s .  N a t u r a l  color f i l m s  a c c e n t u a t e  t u r b i d i t y .  

C e r t a i n  w a t e r - p e n e t r a t i n g  f i l m s  a c c e n t u a t e  bo t tom f e a t u r e s .  

Color i n £  r a r e d  f i l m s  a c c e n t u a t e  v e g e t a t i v e  or  

c h l o r o p h y l l - c o n t a i n i n g  f e a t u r e s .  

P h o t o  A-1 i s  a  color i n f r a r e d  p h o t o  o f  a  c u r r e n t  i n t e r f a c e  

i n  t h e  Gul f  o f  Mexico. Color i n f r a r e d  f i l m  s e n s e s  r a d i a t i o n  i n  

t h e  i n v i s i b l e  n e a r - i n f r a r e d  p o r t i o n  o f  t h e  s p e c t r u m ,  t h a t  p a r t  

h a v i n g  w a v e l e n g t h s  s l i g h t l y  l o n g e r  t h a n  t h e  human e y e  c a n  see. 

The  r e d  a r e a s  o f  t h e  p h o t o  r e p r e s e n t  a  h i g h  r e f l e c t i o n  o f  

n e a r - i n f r a r e d ,  i n d i c a t i v e  o f  h i g h  c h l o r o p h y l l .  A s  c a n  b e  s e e n  i n  

t h e  p h o t o ,  a  c o n c e n t r a t i o n  o f  p l a n k t o n i c  d e t r i t u s  h a s  a c c u m u l a t e d  

a l o n g  t h e  i n t e r f a c e  be tween  t h e  t w o  r a t h e r  s e p a r a t e  w a t e r  masses .  

P h o t o  A-2 i s  a  n a t u r a l  color a e r i a l  p h o t o  o f  a  m a s s i v e  o i l  

s p i l l  f rom a  blown-out  o i l  w e l l  i n  t h e  Gul f  o f  Mexico. The s l i c k  

c a n  b e  c l e a r l y  s e e n  and mapped. S u r r o u n d i n g  t h e  w e l l  is a  s t r i n g  

o f  c o n t a i n m e n t  b a r g e s .  

P h o t o  A-3 i s  a  f a l s e  color i n f r a r e d  p h o t o  t a k e n  f rom S k y l a b  

u s i n g  t h e  S190B E a r t h  T e r r a n  Camera. From a n  a l t i t u d e  o f  234 

n a u t i c a l  m i l e s ,  t h e  S190B, h a v i n g  a n  1 8 - i n c h  f o c a l  l e n g t h  l e n s ,  

t o o k  p h o t o s  u s i n g  t h r e e  d i f f e r e n t  t y p e s  o f  f i l m ,  a  h i g h  

r e s o l u t i o n  n a t u r a l  c o l o r ,  a  h i g h  r e s o l u t i o n  b l a c k  and  w h i t e ,  and  

a  color I R .  P h o t o  A-3, t a k e n  w i t h  t h e  color I R  f i l m ,  h a s  a  

g round  r e s o l u t i o n  o f  1 5 0  f e e t  and  c o v e r s  much o f  t h e  i s l a n d  o f  

F l o r e s  i n  I n d o n e s i a .  P h o t o  c o v e r a g e  from S k y l a b  was v e r y  l i m i t e d  

i n  t h e  S o u t h  P a c i f i c .  N o  more m i s s i o n s  o f  a  s i m i l a r  n a t u r e  a r e  

p l a n n e d .  



Photo  A - 1 :  F A L S E  COLOR INFRARED A I R P H O T O :  CURRENT INTERFACE GULF O F  MEXICO 

BEST AVAILABLE COPY 



P h o t o  3 - 2 :  NATURAL COLOR AIRPHOTO: GULF OF P?IEXICO O I L  S P I L L  

BESTAVAILABLE COPY 



Photo A-3: SKYLAB COLOR INFRARED: PHOTOGKAPH OF ISLAND OF FLORES, INDONESIA 

BEST AVAILABLE COPY 



L a n d a t  

\ 

I n  1 9 7 2 ,  ERTS-1 was  l a u n c h e d .  I t  was t h e  f i r s t  a t t e m p t  t o  

u s e  a  s a t e l l i t e  a s  a  d a t a  c o l l e c t i o n  p l a t f o r m  o r i e n t e d  t oward  

e a r t h  r e s o u r c e s .  I n  1975 ,  ERTS-2 was l aunched .  I t  was 

e s s e n t i a l l y  a  d u p l i c a t e  o f  ERTS-1 a n d  was d e s i g n e d  t o  r e p l a c e  

ERTS-1 w h i c h  had  a l r e a d y  exceeded  i t s  d e s i g n  l i f e t i m e  by a b o u t  

200%.  S i n c e  t h e n ,  b o t h  s y s t e m s  have  b e e n  renamed L a n d s a t .  I n  

1 9 7 8 ,  L a n d s a t 3  was l a u n c h e d .  S i n c e  t h e n ,  L a n d s a t  1 f a i l e d  

l e a v i n g  o n l y  t w o  s a t e l l i t e s  p r e s e n t l y  o p e r a t i n g .  Each L a n d s a t  

s a t e l l i t e  makes 1 4  o r b i t s  a  d a y  v i e w i n g  a  185  k i l o m e t e r  

( 1 1 5 - m i l e )  w i d e  s t r i p  o f  e a r t h .  I n  t h i s  o r b i t ,  i t  g i v e s  g l o b a l  

c o v e r a g e  o n c e  e v e r y  1 8  d a y s .  Wi th  t h e  t w o  s a t e l l i t e s ,  c o v e r a g e  

i s  p o s s i b l e  o n c e  e v e r y  9  d a y s .  Every  e q u a t o r i a l  c r o s s i n g  o c c u r s  

a t  a p p r o x i m a t e l y  t h e  same l o c a l  t i m e  e a c h  d a y  - a b o u t  9:30 AM, 

a n d  t h i s  h o l d s  f o r  a l l  p a r t s  o f  t h e  w o r l d ,  t h e  s p a c e c r a f t  

c r o s s i n g  a n y  p a r t i c u l a r  p l a c e  a t  a b o u t  9:OO-10:OO AM l o c a l  t i m e  

e a c h  d a y .  

A t  t h e  e q u a t o r ,  t h e  c e n t e r s  o f  s u c c e s s i v e  s t r i p s  a r e  s p a c e d  

2 , 8 0 0  km a p a r t ,  so t h a t  1 4  s u c h  s t r i p s  may b e  o b s e r v e d  a r o u n d  t h e  

w o r l d  e v e r y  d a y .  The o r b i t  i s  a d j u s t e d  so t h a t  a  s t r i p  o b s e r v e d  

o n  o n e  g i v e n  d a y ,  i n  o n e  g i v e n  l o c a t i o n ,  a d v a n c e s  wes tward  by 

a b o u t  1 7 0  km o n  t h e  n e x t  d a y .  I n  t h i s  f a s h i o n ,  t h e  s p a c e c r a f t  

s e n s o r s  v iew t h e  e n t i r e  w o r l d  be tween  8 0 " ~  a n d  8 0 " s  o n c e  e v e r y  1 8  

d a y s .  However, l i m i t e d  power,  d a t a  t r a n s m i s s i o n  a n d ,  above  a l l ,  

d a t a - p r o c e s s i n g  c a p a c i t y  p r e v e n t  a c q u i s i t i o n  o f  images  o v e r  t h e  

e n t i r e  w o r l d  d u r i n g  e v e r y  18-day p e r i o d .  Thus ,  c o n t i g u o u s  images  

a r e  a c q u i r e d  e v e r y  1 8  d a y s  o n l y  o v e r  t h e  N o r t h  Amer ican  

c o n t i n e n t .  

The L a n d s a t  p a y l o a d  i n c l u d e s  t h e s e  m a j o r  e l e m e n t s :  

1. R e t u r n  Beam V i d i c o n  (RBV) T e l e v i s i o n  Cameras  - T h e s e  
t h r e e  c a m e r a s  view t h e  same 1 8 5  x  185-km ( 1 1 5  x  115-mi)  
s q u a r e  a r e a  i n  t h r e e  d i f f e r e n t  s p e c t r a l  bands :  g r e e n ,  
r e d ,  and  n e a r - i n f r a r e d .  

2.  M u l t i s p e c t r a l  S c a n n e r  Subsys t em (MSS) - The MSS r e t u r n s  
i m a g e s  i n  f o u r  s p e c t r a l  bands :  g r e e n ,  r e d ,  and  t w o  



n e a r - i n f r a r e d  bands .  The MSS s c a n s  h o r i z o n t a l l y  a l o n g  
t h e  o r b i t a l  t r a c k .  Dur ing  ground p r o c e s s i n g ,  f r a m e s  
e q u i v a l e n t  t o  t h e  185-km s q u a r e  s c e n e s  imaged by t h e  RBV 
a r e  c o n s t r u c t e d .  

3 .  D a t a  C o l l e c t i o n  System (DCS) - The DCS is a  
communica t ions  s y s t e m ,  n o t  r emote - sens ing  e x p e r i m e n t .  
I t  co l lec ts  i n f o r m a t i o n  from some 150  remote, 
u n a t t e n d e d ,  i n s t r u m e n t e d  ground p l a t f o r m s  and  r e l a y s  t h e  
i n f o r m a t i o n  t o  NASA ground s t a t i o n s  f o r  d e l i v e r y  t o  t h e  
u s e r s .  

D a t a  f rom t h e  RBV and  MSS a r e  d i s t r i b u t e d  i n  t h e  form o f  

f i l m  images  o r  m a c h i n e - s e n s i t i v e  d i g i t i z e d  d a t a  on  m a g n e t i c  t a p e .  

I n f o r m a t o n  f rom t h e  d a t a  c o l l e c t i o n  p l a t f o r m s  is  i n  d i g i t a l  form 

o n l y .  

The M u l t i s p e c t r a l  S c a n n e r  (MSS) is a  l i n e - s c a n n i n g  d e v i c e  

which  u s e s  a n  o s c i l l a t i n g  mirror t o  s i m u l t a n e o u s l y  s c a n  t h e  

t e r r a i n  p a s s i n g  b e n e a t h  t h e  s p a c e c r a f t .  The s c a n n e r  p r o d u c e s  

f o u r  s y n c h r o n o u s  images,  e a c h  a t  a  d i f f e r e n t  wave band. The 

w a v e l e n g t h  r a n g e s  o f  e a c h  band a r e :  

Band 4 ( g r e e n )  0.5 t o  0.6 micrometers 

Band 5 (lower r e d )  0.6 t o  0  .7 m i c r o m e t e r s  

Band 6  ( u p p e r  red- lower  i n f r a r e d )  0.7 t o  0 .8  micrometers 

Band 7  ( i n f r a r e d )  0.8 t o  1.1 micrometers 

Band 7  i s  t h e  b e s t  f o r  l a n d - w a t e r  d i s c r i m i n a t i o n .  Band 5 is b e s t  

f o r  showing t o p o g r a p h i c  and c u l t u r a l  f e a t u r e s ,  s u c h  a s  d r a i n a g e  

p a t t e r n s ,  r o a d s ,  and  towns. Band 4 sometimes d i s c r i m i n a t e s ,  

q u a l i t a t i v e l y  , t h e  d e p t h  and /o r  t u r b i d i t y  o f  s t a n d i n g  b o d i e s  o f  

water. Band 6 shows t h e  b e s t  t o n a l  c o n t r a s t s  t h a t  r e f l e c t  

v a r i o u s  l a n d  u s e  p r a c t i c e s ;  i t  a l s o  g i v e s  maximum l a n d - w a t e r  

c o n t r a s t .  

D a t a  f rom t h e  MSS c a n  b e  o b t a i n e d  i n  s e v e r a l  d i f f e r e n t  

f o r m a t s .  B lack  and w h i t e  p r i n t s ,  t r a n s p a r e n c i e s ,  or n e g a t i v e s  

c an  b e  o b t a i n e d  f o r  e a c h  o f  t h e  f o u r  s p e c t r a l  bands .  P h o t o  A-4 

is  a copy o f  a band 7  ( n e a r - i n f r a r e d )  image o f  San  F r a n c i s c o  Bay. 

S c a l e  is a p p r o x i m a t e l y  1:1,000,000.  



Photo A-4: LANDSAT BAND 7 IMAGE 
SAN FRANCISCO BAY 



S e v e r a l  bands  c a n  be  r e p r e s e n t e d  s i m u l t a n e o u s l y  on  a  color 

. compos i t e .  T h r e e  o f  t h e  f o u r  bands  (commonly 4 ,  5 ,  7 )  a r e  p r i n t e d  

t h r o u g h  t h r e e  c o l o r e d  f i l t e r s  t o  p r o v i d e  a n  image s i m i l a r  t o  a  

f a l s e  c o l o r  I R  p h o t o .  A s  w i t h  c o l o r  I R  f i l m ,  h i g h  I R  r e f l e c t a n c e  

shows up  r e d  o n  t h e s e  c o m p o s i t e s .  

P h o t o s  A-5 and  A-6 a r e  f a l s e  c o l o r  c o m p o s i t e s  o f  a  1:250,000 

s c a l e  MSS image o f  Papua N e w  Guinea .  P h o t o  A-5 c o v e r s  p a r t  o f  

T a b l e  Bay o n  t h e  s o u t h  c o a s t  o f  t h e  i s l a n d  e a s t  o f  P o r t  Moresby. 

P h o t o  A-6 c o v e r s  Col l ingwood Bay n e a r  T u f i .  Of p a r t i c u l a r  

i n t e r e s t  a r e  t h e  s e d i m e n t  plumes e n t e r i n g  t h e  o c e a n  from s e v e r a l  

r i v e r s .  

A s  men t ioned  e a r l i e r ,  L a n d s a t  h a s  a r e l a t i v e l y  p o o r  s p a t i a l  

r e s o l u t i o n  a s  compared t o  a i r p h o t o s .  I t  i s  t h i s  l i m i t a t i o n  p l u s  

t h e  f a c t  of  i n f r e q u e n t  ( o n c e  e v e r y  n i n e  d a y s )  c o v e r a g e  t h a t  

restricts L a n d s a t  a s  a  c a n d i d a t e  f o r  v e s s e l  s u r v e i l l a n c e .  A s  a n  

example  o f  t h e  r e s o l u t i o n  l i m i t a t i o n s  o f  L a n d s a t ,  P h o t o s  A-7, 

A-8, and  A-9 have  been  p r e p a r e d .  

P h o t o s  A-7 and  A-8 a r e  p r i n t s  o f  a i r p h o t o s  t a k e n  by t h e  NASA 

U-2 r e c o n n a i s s a n c e  a i r c r a f t  from a n  a l t i t u d e  o f  a p p r o x i m a t e l y  

65 ,000  f e e t .  P h o t o  A-7, t a k e n  i n  1974,  was o b t a i n e d  w i t h  a  36" 

l e n s  u s i n g  Panatomic-X h i g h  r e s o l u t i o n  f i l m .  O r i g i n a l  s c a l e  o f  

t h e  p h o t o  was a p p r o x i m a t e l y  1 :24 ,000 .  Of p a r t i c u l a r  i n t e r e s t  i n  

t h e  p h o t o  a r e  t h e  many s h i p s  l y i n g  a t  a n c h o r .  T h i s  i s  p a r t  of  

t h e  m o t h b a l l e d  U .  S .  Merchant  Mar ine  f l e e t  o f  W W I I .  Average 

l e n g t h  o f  t h e s e  s h i p s  is a p p r o x i m a t e l y  450 f e e t .  P h o t o  A-8, 

t a k e n  i n  1975 ,  was o b t a i n e d  w i t h  a  1 2 "  l e n s  u s i n g  b l a c k  and w h i t e  

i n f r a r e d  f i l m .  The s c a l e  o f  t h e  o r i g i n a l  p h o t o  was 1 :65 ,000 .  I t  

h a s  been  e n l a r g e d  t o  match t h e  s c a l e  o f  P h o t o  A-7. P h o t o  A-9 is 

a n  e n l a r g e d  p o r t i o n  o f  t h e  L a n d s a t  image found i n  P h o t o  A-4. I t  

h a s  been  e n l a r g e d  to  a n  a p p r o x i m a t e  s c a l e  o f  1 :24 ,000 .  The 

b l u r r e d  w h i t e  b l o t c h e s  a r e  t h e  rows o f  s h i p s .  L a n d s a t  h a s  a  

s p a t i a l  r e s o l u t i o n  o f  o n l y  a b o u t  256 f e e t .  Thus ,  t h e  l e n g t h  o f  

e a c h  s h i p  is c o v e r e d  i n  o n l y  two r e s o l u t i o n  e l e m e n t s .  A s i n g l e  

s h i p  of  450 f e e t  l e n g t h  p r o b a b l y  c o u l d  n o t  be  d i s t i n g u i s h e d  from 

n o i s e  i n  t h e  sys t em.  



P h o t o  ?-5: LANDSAT F A L S E  COLOR C O M P O S I T E :  SOUTH COAST O F  PAPUA-NEW GUINEA 

BEST AVAILABLE COPY 



Photo 1 - 6 :  LANDSAT FALSE COLOR COMPOSITE: NORTH COAST OF PAPUA-NEW GUINEA 

BEST AVAILABLE COPY 



Photo A-7: U-2 AERIAL PHOTOGRAPH 
36" LENS, PANATOMIC-X FILM 

SCALE = 1:24,000 



Photo A-8: U-2 AERIAL PHOTOGRAPH 
12" LENS, B/W INFRARED FILM 

SCALE = 1:24,000 



Photo A-9: LANDSAT BAND-5 ENLARGEMENT 
SCALE = 1:24,000 



C o a s t a l  Zone Color S c a n n e r  (CZCS) - 
\ 

The C o a s t a l  Zone C o l o r  S c a n n e r  (CZCS) i s  t h e  f i r s t  

i n s t r u m e n t  d e v o t e d  t o  t h e  measurement  o f  o c e a n  color and f lown on  

a  s p a c e c r a f t .  Al though i n s t r u m e n t s  on  o t h e r  s a t e l l i t e s  have  

s e n s e d  o c e a n  c o l o r ,  t h e i r  s p e c t r a l  bands ,  s p a t i a l  r e s o l u t i o n ,  and  

dynamic  r a n g e  were o p t i m i z e d  f o r  l a n d  o r  m e t e o r o l o g i c a l  u s e .  I n  

t h e  CZCS, e v e r y  p a r a m e t e r  is  o p t i m i z e d  f o r  u s e  o v e r  water t o  t h e  

e x c l u s i o n  of  any o t h e r  t y p e  o f  s e n s i n g .  The s i g n a l - t o - n o i s e  

r a t i o s  i n  t h e  s p e c t r a l  c h a n n e l s  s e n s i n g  r e f l e c t e d  solar r a d i a n c e  

a r e  h i g h e r  t h a n  t h o s e  r e q u i r e d  i n  t h e  p a s t .  T h e s e  r a t i o s  need to  

b e  h i g h  b e c a u s e  t h e  o c e a n  is s u c h  a p o o r  r e f l e c t i n g  s u r f a c e  t h a t  

t h e '  m a j o r i t y  o f  t h e  s i g n a l  s e e n  by t h e  r e f l e c t e d  e n e r g y  c h a n n e l s  

a t  s p a c e c r a f t  a l t i t u d e s  is b a c k s c a t t e r e d  s o l a r  r a d i a t i o n  f rom t h e  

a t m o s p h e r e  r a t h e r  t h a n  r e f l e c t e d  s o l a r  e n e r g y  from t h e  ocean .  

The  CZCS t h e r m a l  c h a n n e l  u t i l i z e s  t h e  1 0 . 5  I-lm t o  1 2 . 5  U m  r e g i o n  

u s e d  on  many o t h e r  t h e r m a l  mappers .  T h i s  CZCS c h a n n e l  i s  u n i q u e ,  

however ,  s i n c e  it  is  r e g i s t e r e d  w i t h  t h e  r e f l e c t e d  s o l a r  e n e r g y  

bands  and h a s  t h e  same s p a t i a l  r e s o l u t i o n .  

The CZCS is i n t e n d e d  p r i m a r i l y  a s  a  tool f o r  d e t e r m i n i n g  t h e  

c o n t e n t  of  w a t e r .  I t  is w e l l  known t h a t  t h e  c o n t e n t  o f  w a t e r ,  b e  

i t  o r g a n i c  or i n o r g a n i c  p a r t i c u l a t e  m a t t e r  or d i s s o l v e d  

s u b s t a n c e s ,  a f f e c t s  i ts color. Ocean w a t e r ,  c o n t a i n i n g  v e r y  

l i t t l e  p a r t i c u l a t e  m a t t e r ,  s c a t t e r s  a s  a  R a y l e i g h  s c a t t e r e r  w i t h  

t h e  w e l l  known d e e p  p u r p l e  or b l u i s h  c o l o r  of  t h e  ocean .  A s  

p a r t i c u l a t e  m a t t e r  is added  t o  t h e  w a t e r ,  t h e  s c a t t e r i n g  

c h a r a c t e r i s t i c s  a r e  changed and t h e  c o l o r  is  changed .  

P h y t o p l a n k t o n ,  f o r  i n s t a n c e ,  have  s p e c i f i c  a b s o r p t i o n  

c h a r a c t e r i s t i c s  and n o r m a l l y  change  t h e  w a t e r  t o  a  more g r e e n i s h  

h u e  a l t h o u g h  some p h y t o p l a n k t o n ,  s u c h  a s  t h e  v a r i o u s  r e d  t i d e ,  

c a n  change  t h e  w a t e r  t o  c o l o r s  s u c h  a s  r e d ,  y e l l o w ,  b l u e - g r e e n ,  

or  mahogany. By s e n s i n g  t h e  c o l o r  w i t h  v e r y  h i g h  s i g n a l - t o - n o i s e  

r a t i o s ,  t h e  CZCS p r o v i d e s  a  mechanism f o r  a n a l y z i n g  t h a t  color 

f o r  t h e  c o n t e n t  o f  t h e  water. I n o r g a n i c  p a r t i c u l a t e  m a t t e r  i n  

w a t e r ,  s u c h  a s  t h e  t e r r i g e n o u s  o u t f l o w  from r i v e r s ,  h a s  a  

d i f f e r e n t  c o l o r  from o r g a n i c  m a t e r i a l  t y p i c a l l y  b rowni sh  i n  color 

b u t  sometimes v a r y i n g  w i t h  r e d .  



By c o n d u c t i n g  m e a s u r e m e n t s  o v e r  a l a r g e  a r e a  i n  a s h o r t  

p e r i o d  o f  t i m e ,  t h e  CZCS al lows o c e a n o g r a p h e r s  t o  v i e w  t h e  o c e a n  
\ 

a s  n e v e r  s e e n  b e f o r e  f r o m  s h i p s .  A s  a n  e x a m p l e ,  i n  o n e  

t w o - m i n u t e  d a t a  s e g m e n t ,  t h e  CZCS c o v e r s  a p p r o x i m a t e l y  1 . 3  

m i l l i o n  s q u a r e  k i l o m e t e r s  o f  t h e  o c e a n  s u r f a c e  a l l o w i n g  

e x a m i n a t i o n ,  n e a r l y  s i m u l t a n e o u s l y ,  o n  a  s c a l e  n e v e r  b e f o r e  

a c c o m p l i s h e d .  M e a s u r e m e n t s  o n  t h i s  s c a l e  a l l o w  o c e a n o g r a p h e r s  t o  

d e t e r m i n e  s u c h  t h i n g s  a s  t h e  s t a n d i n g  s t o c k  o f  p h y t o p l a n k t o n  a n d  

i t s  d i s t r i b u t i o n  i n  v a r i o u s  f i s h i n g  a r e a s  a n d ,  p o t e n t i a l l y ,  t o  

assess  t h e  a b i l i t y  o f  t h a t  a r e a  t o  s u p p o r t  a s t a n d i n g  s t o c k  o f  

f i s h .  I n  a d d i t i o n  t o  e x a m i n i n g  t h e  e x i s t i n g  f i s h e r i e s ,  t h e  CZCS 

w i l l  b e  u s e d  t o  l o o k  f o r  new a r e a s  o f  p o t e n t i a l  f i s h  p r o d u c t i o n  

a r o u n d  t h e  g l o b e .  

T h e  CZCS h a s  s i x  c h a n n e l s ,  s e n s i n g  r a d i a t i o n  i n  b l u e ,  g r e e n ,  

y e l l o w ,  r e d ,  f a r  r e d ,  a n d  t h e r m a l  i n f r a r e d  b a n d s .  T h e  s p e c t r a l  

b a n d w i d t h s  o f  t h e  c h a n n e l s  a re  a s  f o l l o w s :  

C h a n n e l  

1 

2 

3  

4 

5 

6  

Micrometers 

P h o t o  A-10 i l l u s t r a t e s  a n  e x a m p l e  o f  t h e  s i x  c h a n n e l s  o f  

d a t a .  T h e s e  i m a g e s  c o v e r  a n  a r e a  c o m p r i s i n g  s o u t h e r n  F l o r i d a ,  

C u b a ,  a n d  t h e  Bahamas.  C h a n n e l  6 ,  t h e  t h e r m a l  b a n d ,  w a s  

i n o p e r a t i v e  o n  t h i s  p a s s .  P h o t o s  A - 1 1  a n d  A-12 show e n l a r g e m e n t s  

o f  a  p o r t i o n  o f  C h a n n e l s  5 a n d  2 o f  t h e  image.  
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Photo A-10: COASTAL ZONE COLOR 
SCANNER DATA FROM NIPBUS-7 



Photo A-11:  COASTAL ZONE COLOR SCANNER - CHANNEL 5 
SOUTHERN FLORIDA AND BAHANAS 



Photo A-12: COASTAL ZONE COLOR SCANNER - CHANNEL 2 
SOUTHERN FLORIDA AND BAHAMAS 



A i r b o r n e  T h e r m a l  I n f r a r e d  S c a n n e r s  -. 
\ 

C e r t a i n  p o r t i o n s  o f  t h e  EM s p e c t r u m  c a n n o t  b e  r e c o r d e d  - d i r e c t l y  o n  p h o t o g r a p h i c  f i l m .  O t h e r  means  m u s t  b e  u s e d  t o  

d e t e c t  a n d  r e c o r d  t h e  i n f o r m a t i o n  from t h e s e  w a v e l e n g t h s .  
- V a r i o u s  d e t e c t o r s  h a v e  b e e n  d e v i s e d  t o  r e s p o n d  t o  t h i s  r a d i a t i o n .  

I n  o r d e r  t o  c r e a t e  a p h o t o - l i k e  d i s p l a y  of t h i s  i n f o r m a t i o n  ( a n  

- " i m a g e n ) ,  numerous  o p t i c a l - m e c h a n i c a l  s c a n n i n g  s y s t e m s  a re  u s e d .  

A l l  s c a n n e r s  c r e a t e  a n  image  by s u c c e s s i v e  c o l l e c t i o n  o f  

- d i s c r e t e  d a t a  e l e m e n t s  i n  t w o  d i m e n s i o n s  and  t h e n  r e c o n s t i t u t i o n  
o f  t h e  d a t a  i n  t h e  same f o r m a t .  R a d i a t i o n  i s  u s u a l l y  o p t i c a l l y  

- c o l l e c t e d  by a  n a r r o w  f i e l d - o f - v i e w  telescope a n d  f o c u s e d  o n t o  a 

d e t e c t o r .  D i f f e r e n t  d e t e c t o r s  e x i s t  f o r  s e n s i n g  r a d i a t i o n  of 

many d i f f e r e n t  w a v e l e n g t h s .  T h u s ,  a  s c a n n e r  may b e  u s e d  t o  - 
c r e a t e  i m a g e s  o f  UV, v i s i b l e ,  n e a r  I R ,  t h e r m a l  I R ,  o r  o t h e r  d a t a .  

T h e  d e t e c t o r  c o n v e r t s  t h e  r a d i a t i o n  t o  a n  e l e c t r i c a l  i m p u l s e  
L w h i c h  t h e n  may be u s e d  t o  m o d u l a t e  a  v i s i b l e  l i g h t  s o u r c e  f o c u s e d  

o n t o  p h o t o g r a p h i c  f i l m  or  t o  c r e a t e  a  r e c o r d  o n  m a g n e t i c  t a p e .  

d 

One o f  t h e  most p o p u l a r  t y p e  o f  s c a n n e r s  f o r  remote s e n s i n g  

is  t h e  t h e r m a l  i n f r a r e d  s c a n n e r .  U t i l i z i n g  a  spec ia l  d e t e c t o r  
- (commonly m e r c u r y  cadmium t e l l u r i d e ,  l e a d  t i n  t e l l u r i d e  or i n d i u m  

a n t i m o n i d e )  w h i c h  m u s t  be c r y o g e n i c a l l y  c o o l e d  ( u s u a l l y  w i t h  

I l i q u i d  n i t r o g e n  or h e l i u m ) ,  i t  c a n  p r o d u c e  a n  i m a g e  o f  t h e  
r e f l e c t e d  a n d / o r  e m i t t e d  h e a t  o f  t h e  t e r r a i n .  Most t h e r m a l  I R  

d 

s c a n n e r s  o p e r a t e  i n  t h e  3-5 m i c r o n  or 8.5-13.5 m i c r o n  w a v e l e n g t h  

r e g i o n s  a s  t h e s e  are  t h e  o n l y  p o r t i o n s  o f  t h e  I R  s p e c t r u m  i n  

w h i c h  t h e  a t m o s p h e r e  is " t r a n s p a r e n t " ;  i .e. ,  a t m o s p h e r i c  

"windows".  

P h o t o s  A-13 a n d  A-14 a r e  e x a m p l e s  o f  i m a g e r y  p r o d u c e d  by a  - 
t h e r m a l  i n f r a r e d  l i n e  s c a n n e r .  T h e s e  i m a g e s  a r e  a c t u a l l y  

"mapping"  t h e  h e a t  e m i t t e d  or r e f l e c t e d  by t h e  w a t e r  a n d  l a n d .  - T h e y  c a n  b e  c a l i b r a t e d  s u c h  t h a t  a b s o l u t e  t e m p e r a t u r e s  may be 

o b t a i n e d .  P h o t o  A-13 s h o w s  a  h o t  w a t e r  d i s c h a r g e  i n t o  cooler b a y  
- w a t e r .  P h o t o  A-14, t a k e n  a t  2300 h o u r s ,  shows  a  small  b o a t  

h a r b o r .  S i n c e  t h e s e  i m a g e s  c o r r e s p o n d  t o  h e a t ,  t h e y  c a n  b e  



Filoto A-13: THERMAL INFRARED IMAGE - dOT WATEF DISCHARGE 
WHITE = HOT 
BLACK = COLD 



Photo A-14:  THERMAL INFRARED IMAGE - SMALL BOAT HARBOR 
WHITE = HOT 
BLACK = COLD 



o b t a i n e d  a t  n i g h t  a s  w e l l  a s  i n  t h e  d a y l i g h t ,  t h u s  p r o v i d i n g  a  

c e r t a i n  a d v a n t a g e  f o r  a  s u r v e i l l a n c e  s y s t e m .  
\ 

TIROS-N - Advanced V e r y  H i g h  R e s o l u t i o n  R a d i o m e t e r  (AVHRR) 

T h e  Advanced  V e r y  High R e s o l u t i o n  R a d i o m e t e r  (AVHRR) f o r  

TIROS-N i s  a  f o u r - c h a n n e l  s c a n n i n g  r a d i o m e t e r ,  s e n s i t i v e  t o  

v i s i b l e / n e a r  IR  a n d  i n f r a r e d  ( I R )  r a d i a t i o n .  The  i n s t r u m e n t  

c h a n n e l i z a t i o n  h a s  b e e n  c h o s e n  t o  p e r m i t  m u l t i s p e c t r a l  a n a l y s e s  

w h i c h  may p r o v i d e  i m p r o v e d  d e t e r m i n a t i o n  o f  h y d r o l o g i c ,  

o c e a n o g r a p h i c ,  a n d  m e t e o r o l o g i c a l  p a r a m e t e r s .  T h e  f o u r  c h a n n e l s  

d e t e c t  r a d i a t i o n  i n  t h e  f o l l o w i n g  w a v e l e n g t h  r e g i o n s :  

C h a n n e l  Micrometers 

1 0 .55  - 0 . 6 8  

2  0 .725  - 1 . 1 0  

3  3 .55  - 3 . 9 3  

4 1 0 . 5  - 1 1 . 5  

T h e  v i s i b l e  ( 0 . 5  Pm)  a n d  v i s i b l e / n e a r  I R  ( 0 . 9  v m )  c h a n n e l s  

c a n  b e  u s e d  t o  d i s c e r n  c l o u d s ,  l a n d - w a t e r  b o u n d a r i e s ,  snow a n d  

ice  e x t e n t ,  a n d  when t h e  d a t a  f r o m  t h e  t w o  c h a n n e l s  a r e  

c o m p a r e d ,  a n  i n d i c a t i o n  o f  i c e / s n o w  m e l t  i n c e p t i o n .  T h e  I R  

c h a n n e l s  c a n  b e  u s e d  t o  m e a s u r e  c l o u d  d i s t r i b u t i o n  a n d  t o  

d e t e r m i n e  t e m p e r a t u r e  o f  t h e  r a d i a t i n g  s u r f a c e  ( c l o u d  or  

s u r f a c e ) .  D a t a  f r o m  t h e  two I R  c h a n n e l s  c a n  b e  i n c o r p o r a t e d  i n t o  

t h e  c o m p u t a t i o n  o f  s e a  s u r f a c e  t e m p e r a t u r e .  By u s i n g  t h e s e  t w o  

d a t a  sets,  i t  i s  p o s s i b l e  t o  remove a n  a m b i g u i t y  i n t r o d u c e d  by 

c l o u d s  f i l l i n g  a p o r t i o n  o f  t h e  f i e l d - o f - v i e w .  

P h o t o  A-15 is a  w o r l d w i d e  m o s a i c  o f  a l l  AVHRR s t a n d a r d  

r e s o l u t i o n  v i s i b l e  ( C h a n n e l  1) s c e n e s  c o l l e c t e d  f o r  2 9  S e p t e m b e r  

1 9 7 9 .  P h o t o  A-16 i s  a  s i n g l e  s t r i p  image  f r o m  t h e  AVHRR. I t  

c o v e r s  a n  area f r o m  t h e  S o u t h  P o l e  t o  J a p a n .  P h o t o s  A-17 a n d  

A-18 a re  h i g h  r e s o l u t i o n  v i s i b l e  ( C h a n n e l  1) a n d  i n f r a r e d  



Photo A-15: WORLD l lOSAIC - 2 9  SEPTEMBER 1 9 7 9  
V I S I B L E  BAND 

TIROS-N AVHRR 



P h o t o  A-15 C o n t i n u e d :  WORLD MOSAIC - 2 9  SEPTEMBER 1 9 7 9  
VIS IBLE BAND 

TIROS-N AVHRR 



P h o t o  A-16 :  V I S I B L E  BAND - STANDARD RESOLUTION 
TIROS-N AVHRR 

( A d v a n c e d  V e r y  H i g h  R e s o l u t i o n  R a d i o m e t e r )  
A - 2 6  



Photo A-17: V I S I B L E  BAND - HIGH RESOLUTION 
TIROS-N AVHRR 

( A d v a n c e d  V e r y  H i g h  R e s o l u t i o n  R a d i o m e t e r )  



Photo A-18:  THERMAL I R  BAND - HIGH RESOLUTION 
TIROS-N AVHRR 

( A d v a n c e d  V e r y  H i g h  R e s o l u t k o n  R a d i o m e t e r )  



( C h a n n e l  4 )  i m a g e s ,  r e s p e c t i v e l y .  They  c o v e r  t h e  same a r e a  - 
s u r r o u n d i n g  P a p u a  N e w  G u i n e a  f o r  1 7  ~ e p t e m b e r  1 9 7 9 .  

\ 

J a p a n e s e  GMS V i s i b l e  a n d  I n f r a r e d  S p i n - S c a n  R a d i o m e t e r  (VISSR) 

T h e  G e o s t a t i o n a r y  M e t e o r o l o g i c a l  S a t e l l i t e  (GMS) p r o g r a m  w a s  

- i n i t i a t e d  by t h e  J a p a n  M e t e o r o l o g i c a l  Agency i n  1 9 7 1 .  T h e  GMS 
co l l ec t s  i m a g e s  o f  t h e  W e s t e r n  P a c i f i c ,  A s i a  a n d  O c e a n i a  d a y  a n d  

n i g h t  w i t h  t h e  V i s i b l e  a n d  I n f r a r e d  S p i n - S c a n  R a d i o m e t e r  ( V I S S R ) .  
* 

T h e  p i c t u r e s  a r e  d i s s e m i n a t e d  t o  u s e r  s t a t i o n s  i n  t h e  GMS 

c o m m u n i c a t i o n  area i n  f a c s i m i l e  f o r m a t  v i a  t h e  o n b o a r d  

t r a n s p o n d e r  i n  S-band.  The  c o m m u n i c a t i o n  s y s t e m  r e l a y s  

m e t e o r o l o g i c a l  a n d  o c e a n o g r a p h i c  o b s e r v a t i o n  d a t a  f r o m  s h i p s ,  

b u o y s ,  w e a t h e r  s t a t i o n s ,  etc.  t o  a  c e n t r a l  p r o c e s s i n g  c e n t e r  i n  

J a p a n .  

T h e  o b j e c t i v e  o f  t h e  GMS p r o g r a m  i s  t o  p e r f o r m  t h e  f o l l o w i n g  

m i s s i o n s  i n  r e l a t i o n  w i t h  t h e  G l o b a l  A t m o s p h e r i c  R e s e a r c h  P r o g r a m  

(GARP) e x p e r i m e n t  a n d  a l so  t o  i m p r o v e  m e t e o r o l o g i c a l  s e r v i c e s ,  

d o m e s t i c  a n d  i n t e r n a t i o n a l .  T h e  m i s s i o n s  are: 

1. I m a g i n g  e a r t h  s u r f a c e  by u s e  o f  VISSR. 

2 .  R e l a y i n g  o f  m e t e o r o l o g i c a l  d a t a  o b s e r v e d  by s h i p s ,  
b u o y s ,  w e a t h e r  s t a t i o n s ,  e tc .  t o  t h e  Data P r o c e s s i n g  
C e n t e r  (DPC) i n  J a p a n .  

3 .  R e l a y i n g  o f  p r o c e s s e d  i m a g e  a n d  m e t e o r o l o g i c a l  d a t a  f o r  
f a c s i m i l e  r e p r o d u c t i o n  a t  Medium a n d  S m a l l  S c a l e  Data 
U t i l i z a t i o n  S t a t i o n  (MDUS a n d  SDUS). 

4 .  M o n i t o r i n g  o f  so l a r  a c t i v i t y  by c o u n t i n g  t h e  i n c o m i n g  
s o l a r  p r o t o n s ,  a l p h a - p a r t i c l e s  a n d  e l e c t r o n s .  

T h e  GMS was l a u n c h e d  f r o m  C a p e  C a n a v e r a l ,  F l o r i d a ,  USA i n  

t h e  m i d d l e  o f  1 9 7 7 .  The  f i n a l  s t a t i o n  i n  t h e  s y n c h r o n i z e d  o r b i t  

is  1 4 0 " ~ .  T h e  s p a c e c r a f t  is s p i n n i n g  a t  a r a t e  o f  1 0 0  rpm w i t h  

t h e  s p i n  a x i s  p a r a l l e l  t o  t h e  e a r t h ' s  p o l a r  a x i s .  



T h e  VISSR o b t a i n s  i m a g e s  i n  b o t h  t h e  v i s i b l e  a n d  t h e r m a l  I R  - 
b a n d s .  T h e  v i s i b l e  b a n d  i s  0 . 5 0  - 0 . 7 5  micrometers a n d  t h e  I R  is 

\ 

1 0 . 2  - 1 2 . 8  micrometers. G r o u n d  r e s o l u t i o n  is  1 . 2 5  k i l o m e t e r s  i n  
- t h e  v i s i b l e  a n d  5 .0  k i l o m e t e r s  i n  t h e  I R .  P h o t o  A-19 i s  a n  I R  

i m a g e  o f  PNG t a k e n  b y  t h e  VISSR o n  1 4  J u n e  1 9 7 8 .  T h e  b o r d e r s  o f  

- l a n d  masses h a v e  b e e n  i n s e r t e d  by  c o m p u t e r .  

SEASAT S y n t h e t i c  A p e r t u r e  R a d a r  (SAR) - 

I n  1 9 7 8 ,  t h e  N a t i o n a l  A e r o n a u t i c s  a n d  S p a c e  A d m i n i s t r a t i o n  

(NASA) l a u n c h e d  SEASAT-A, t h e  f i r s t  s a t e l l i t e . d e d i c a t e d  p r i m a r i l y  

t o  m e a s u r e m e n t  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  o c e a n  s u r f a c e .  I t  

w a s  a l s o  t h e  f i r s t  s a t e l l i t e  t o  make e x t e n s i v e  u s e  o f  m i c r o w a v e  

s e n s o r s .  W i t h  t h e  e x c e p t i o n  o f  t h e  s y n t h e t i c  a p e r t u r e  r a d a r  

(SAR) , t h e  s e n s o r s  p r o v i d e d  g l o b a l  c o v e r a g e  ( e x c l u d i n g  t h e  

e x t r e m e  p o l a r  r e g i o n s )  o n  a 3 6 - h o u r  r e p e t i t i v e  c y c l e .  W i t h  t h e s e  

i n s t r u m e n t s ,  SEASAT p r o v i d e d  g l o b a l  c o v e r a g e  o f  s u c h  p a r a m e t e r s  

as :  

1. s i g n i f i c a n t  wave  h e i g h t ,  

2 .  o c e a n  c u r r e n t s ,  

3 .  s u r f a c e  w i n d  s p e e d  a n d  d i r e c t i o n ,  a n d  

4 .  sea s u r f a c e  t e m p e r a t u r e .  

I n  a d d i t i o n ,  t h e  SAR p r o v i d e d  i n f o r m a t i o n  ( o v e r  r e s t r i c t e d  a reas)  

o n  i ce  c h a r a c t e r i s t i c s  a n d  movement ,  a n d  o n  wave  l e n g t h  a n d  

d i r e c t i o n .  B e c a u s e  o f  o r b i t  c h a r a c t e r i s t i c s ,  SAR c o v e r a g e  w a s  

most e f f e c t i v e  i n  h i g h  l a t i t u d e s .  I t  w a s  u s e d  o n  o t h e r  o c e a n  

r e g i o n s ,  a n d  f o r  o b s e r v a t i o n  o f  l a n d  areas  a s  w e l l .  I t  w a s  

p o s s i b l e  t o  d e t e c t  i n t e r n a l  w a v e s  a n d  t o  d e v e l o p  a b e t t e r  

u n d e r s t a n d i n g  o f  o c e a n  c i r c u l a t i o n .  

SEASAT-A c a r r i e d  f i v e  i n s t r u m e n t s  t o  b e  u s e d  f o r  o c e a n  

m o n i t o r i n g .  T h e s e  a r e  a c o m p r e s s e d  p u l s e  a l t imeter ,  a m i c r o w a v e  

scatterometer, a s y n t h e t i c  a p e r t u r e  r a d a r  (SAR) ,  a s c a n n i n g  

m u l t i c h a n n e l  m i c r o w a v e  r a d i o m e t e r  (SMMR),  a n d  a v i s i b l e  a n d  

i n f r a r e d  r a d i o m e t e r  ( V / I R ) .  



Photo  A-19:  INFRARED BAND 
JAPANESE GEOSYNCHRONOUS METEOROLOGICAL SATELLITE (GMS) 



The  SAR i s  a n  i n s t r u m e n t  wh ich  had  n o t  p r e v i o u s l y  f l o w n  i n  a  

s a t e l l i t e .  I t  p r o v i d e d  a l l - w e a t h e r  image ry  o f  o c e a n  f e a t u r e s ;  -. 
i . e , ,  i ce  f i e l d s ,  i c e b e r g s  a n d  l e a d s ,  s l i c k s ,  wave a n d  c u r r e n t  

p a t t e r n s ,  and  c o a s t a l  c o n d i t i o n s .  R e s o l u t i o n  is 2 5  meters o v e r  a  

100-km s w a t h ,  230  t o  330  km o f f  n a d i r .  The S A R I  o p e r a t i n g  a t  

1 . 2 7 5  GHz (22-cm w a v e l e n g t h ) ,  i s  c a p a b l e  o f  p e n e t r a t i n g  c l o u d s  

a n d  n o m i n a l  r a i n .  I t  had  i t s  own d a t a  r e c o r d i n g  s y s t e m  and  a 

v e r y  h i g h  d a t a  r a t e .  B e c a u s e  o f  t h i s ,  i t  was o p e r a t e d  o n l y  w h i l e  

w i t h i n  l i n e - o f - s i g h t  o f  t h o s e  t r a c k i n g  s t a t i o n s  t h a t  a r e  e q u i p p e d  

t o  r e c e i v e  and  r e c o r d  i t s  d a t a .  C o n v e r s i o n s  o f  t h e  r a d a r  

m e a s u r e m e n t s  t o  image ry  were n o t  p r o v i d e d  i n  r e a l  t ime, b u t  

r a t h e r  c o n s i d e r a b l e  time a f t e r  time o f  measurement .  

U n f o r t u n a t e l y ,  l a t e  i n  1 9 7 8 ,  t h e  SEASAT S A R  s y s t e m  f a i l e d .  

From t h a t  time o n ,  n o  S A R  image ry  was g a t h e r e d .  N o  image ry  was 

e v e r  c o l l e c t e d  o v e r  PNG. However, t h e  o u t s t a n d i n g  s u c c e s s  o f  t h e  

d a t a  wh ich  w a s  c o l l e c t e d  h a s  e n c o u r a g e d  t h e  hope  t h a t  s i m i l a r  

s y s t e m s  may a g a i n  b e  l a u n c h e d  a n d  t h a t  s u c h  d a t a  may e v e n t u a l l y  

become a n  o p e r a t i o n a l  r e a l i t y .  

P h o t o s  A-20 a n d  A-21 a r e  e x a m p l e s  o f  SEASAT SAR i m a g e r y .  

T h e i r  g e n e r a l  a p p e a r a n c e  is v e r y  s i m i l a r  t o  SAR image ry  o b t a i n e d  

f r o m  a i r c r a f t ,  Vessels and  t h e i r  wakes  may b e  s e e n  o n  e a c h  

image,  b u t  n o t  i d e n t i f i e d .  V a r i o u s  i n t e r a c t i n g  wave p a t t e r n s  a r e  

a l s o  c l e a r l y  e v i d e n t .  





Photo A- 2 1 : SEASAT SYNTHETIC 
APERTURE RADAR 



d 

APPENDIX B-1 

TECHNICAL DESCRIPTION 
TIROS-N ARGOS DATA COLLECTION SYSTEM 



G e n e r a l  I n t r o d u c t i o n  

I n  1 9 7 8 ,  NASA s u c c e s s f u l l y  l a u n c h e d  a  t h i r d  g e n e r a t i o n ,  

o p e r a t i o n a l ,  p o l a r  o r b i t i n g ,  e n v i r o n m e n t a l  s a t e l l i t e  s y s t e m  

c a l l e d  TIROS-N. I n  1 9 7 9 ,  a n  i d e n t i c a l  sysem,  funded  and  l a u n c h e d  

by NOAA, was p l a c e d  i n  o r b i t .  T h i s  s a t e l l i t e ,  c a l l e d  NOAA-6, is  
t h e  f i r s t  o f  s e v e n  s c h e d u l e d  NOAA e n v i r o n m e n t a l  s a t e l l i t e s ,  which 

i n  a d d i t i o n  t o  TIROS-N, c o m p r i s e  a n  o p e r a t i o n a l  s y s t e m  g u a r a n t e e d  

t o  r e m a i n  i n  u s e  t h r o u g h  t h e  mid t o  l a t e  1 9 8 0 s .  I t  i s  i n t e n d e d  

t h a t  t w o  s a t e l l i t e s  w i l l  b e  i n  o r b i t  and  o p e r a t i o n a l  a t  any g i v e n  

t i m e  . 
The TIROS-N ser ies  o f  s a t e l l i t e s  is a c o o p e r a t i v e  e f f o r t  o f  

t h e  U n i t e d  S t a t e s  (NOAA and  NASA), t h e  U n i t e d  Kingdom, and  

F r a n c e .  A s  h a s  been  t r u e  i n  t h e  p a s t ,  NASA h a s  funded  t h e  

d e v e l o p m e n t  and  l a u n c h  o f  t h e  f i r s t  f l i g h t  s a t e l l i t e  (TIROS-N); 

s u b s e q u e n t  s a t e l l i t e s  a r e  b e i n g  p r o c u r e d '  a n d  l a u n c h e d  by NASA 

u s i n g  NOAA f u n d s .  The  o p e r a t i o n a l  g round  f a c i l i t i e s  i n c l u d i n g  

t h e  Command a n d  D a t a  A c q u i s i t i o n  ( C D A )  s t a t i o n s ,  t h e  S a t e l l i t e  

C o n t r o l  C e n t e r ,  and  t h e  d a t a  p r o c e s s i n g  f a c i l i t i e s  ( w i t h  t h e  

e x c e p t i o n  o f  t h e  D a t a  C o l l e c t i o n  Sys t em (DCS) p r o c e s s i n g  

f a c i l i t y )  are  b e i n g  p r o c u r e d ,  funded  and  o p e r a t e d  by NOAA. The 

U n i t e d  Kingdom, t h r o u g h  i t s  M e t e o r o l o g i c a l  Off  ice, M i n i s t r y  of  

D e f e n s e ,  i s  p r o v i d i n g  a S t r a t o s p h e r i c  Sound ing  U n i t ,  o n e  o f  t h r e e  

s o u n d i n g  i n s t r u m e n t s  f o r  e a c h  s a t e l l i t e .  The  C e n t r e  N a t i o n a l  

d l E t u d e s  S p a t i a l e s  (CNES) o f  F r a n c e  i s  p r o v i d i n g  t h e  DCS 

i n s t r u m e n t  f o r  e a c h  s a t e l l i t e  and  t h e  f a c i l i t i e s  n e c e s s a r y  t o  

p r o c e s s  and  make a v a i l a b l e  t o  u s e r s  t h e  d a t a  o b t a i n e d  f rom t h i s  

s y s t e m .  The C e n t r e  d 1 E t u d e s  d e  l a  Meteorologic S p a t i a l e  (CEMES) 

o f  F r a n c e  is p r o v i d i n g  g round  f a c i l i t i e s  f o r  r e c e i p t  o f  s o u n d e r  

d a t a  d u r i n g  t h e  b l i n d  o r b i t  p e r i o d s .  

The  p r i m a r y  e n v i r o n m e n t a l  s e n s o r s  f o r  t h e s e  s a t e l l i t e s  a r e :  

1. A TIROS O p e r a t i o n a l  V e r t i c a l  S o u n d e r  (TDVS). The  TOVS 
is a t h r e e  i n s t r u m e n t  s y s t e m  c o n s i s t i n g  o f :  

a .  The  High R e s o l u t i o n  I n f r a r e d  R a d i a t i o n  S o u n d e r  
(HIRS/2) 



b.  The S t r a t o s p h e r i c  S o u n d i n g  U n i t  (SSU) 

c. The Microwave Sound ing  U n i t  (MSU) 

2.  The  Advanced Very  High R e s o l u t i o n  ~ a d i o m e t e r  (AVHRR) 

3. The S p a c e  Env i ronmen t  M o n i t o r  (SEM) d a t a  w i l l  a l s o  b e  
i n c l u d e d  i n  t h e  HRPT and  b e a c o n  t r a n s m i s s i o n s .  The SEM 
c o n s i s t s  o f  t h r e e  s e p a r a t e  i n s t r u m e n t s  and  a  d a t a  
p r o c e s s i n g  u n i t .  The componen t s  a r e :  

a .  The T o t a l  Ene rgy  Detector (TED) 

b. The Medium Ene rgy  P r o t o n  a n d  E l e c t r o n  Detector 
(MEPED) 

c. The High Energy  P r o t o n  and  A l p h a  Detector (HEPAD) 

4 .  The  D a t a  C o l l e c t i o n  Sys t em (DCS): a  random a c c e s s  
s y s t e m  t o  a c q u i r e  d a t a  f rom f i x e d  a n d  f r e e - f l o a t i n g  
t e r r e s t r i a l  a n d  a t m o s p h e r i c  p l a t f o r m s .  P l a t f o r m  
l o c a t i o n  w i l l  b e  p o s s i b l e  by g r o u n d  p r o c e s s i n g  o f  t h e  
D o p p l e r  measu remen t s  o f  c a r r i e r  f r e q u e n c i e s .  D a t a  
c o l l e c t e d  f rom e a c h  p l a t f o r m  w ' i  11 i n c l u d e  
i d e n t i f i c a t i o n ,  a s  w e l l  a s  e n v i r o n m e n t a l  measu remen t s .  
T h e s e  d a t a  a r e  a l s o  i n c l u d e d  i n  t h e  HRPT and  b e a c o n  
t r a n s m i s s i o n s .  

F i g u r e  B-1 s c h e m a t i c a l l y  i l l u s t r a t e s  t h e  d e s i g n  a n d  l a y o u t  

o f  t h e  TIROS-N/NOAA-6 s a t e l l i t e  series. 

S p a c e c r a f t  O r b i t  P a r a m e t e r s  

The  TIROS-N s a t e l l i t e  ser ies h a s  b e e n  d e s i g n e d  t o  o p e r a t e  i n  

a  s u n - s y n c h r o n o u s  o r b i t  a t  8 3 3  + 90 km ( 4 5 0  + 50 n .mi . )  . Two 

n o m i n a l  a l t i t u d e s  h a v e  b e e n  chosen :  833  km ( 4 5 0  n .mi . )  and  870  

km ( 4 7 0  n . m i . ) .  The  c h o i c e  b e t w e e n  n o m i n a l  a l t i t u d e s  w i l l  b e  

made t o  k e e p  t h e  o r b i t a l  p e r i o d s  o f  t w o  o p e r a t i o n a l  s a t e l l i t e s  i n  

s i m i l a r  o r b i t s  s u f f i c i e n t l y  d i f f e r e n t  so t h a t  t h e y  d o  n o t  b o t h  

view t h e  same p o i n t  o n  t h e  E a r t h  a t  t h e  same t i m e  e a c h  d a y .  Each 

s a t e l l i t e  c o m p l e t e s  a p p r o x i m a t e l y  1 4  o r b i t s / d a y  w i t h  a  1 0 1  m i n u t e  

p e r i o d .  Each  s a t e l l i t e  crosses t h e  e q u a t o r i a l  p l a n e  a t  a  f i x e d  

t i m e  ( l o c a l  s o l a r  t i m e )  e a c h  d a y .  T h e s e  times a r e :  s a t e l l i t e  I 

- 1 5  h  ( a s c e n d i n g  n o d e )  a n d  3  h  ( d e s c e n d i n g  n o d e ) ;  s a t e l l i t e  I1 - 
19h30 a n d  7h30 .  S e e  F i g u r e  B-2.  his c h a r a c t e r i s t i c  i s  

i m p o r t a n t  f r o m  t h e  u s e r ' s  v i e w p o i n t  s i n c e ,  f rom o n e  d a y  t o  t h e  
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n e x t ,  a g i v e n  p l a t f o r m  comes w i t h i n  a s a t e l l i t e ' s  c o v e r a g e  a t  t h e  

same t i m e  ( l o c a l  s o l a r  t i m e ) .  

A t  any  g i v e n  moment, e a c h  s a t e l l i t e  " s e e s "  a l l  t h e  p l a t f o r m s  

l o c a t e d  w i t h i n  a c i r c l e  5 ,000  km i n  d i a m e t e r .  A s  t h e  s a t e l l i t e  

o r b i t s ,  t h e  g r o u n d  t r a c k  o f  t h i s  c i r c l e  c o r r e s p o n d s  t o  a swa th  

5 , 0 0 0  km i n  w i d t h  encompass ing  t h e  E a r t h .  A t  e a c h  o r b i t ,  t h i s  

s w a t h  c o v e r s  b o t h  t h e  N o r t h  and  S o u t h  Poles  ( p o l a r  o r b i t s ) .  F o r  

a  g i v e n  s a t e l l i t e ,  t h e  s w a t h  i s  d i s p l a c e d  by 2 5  ( i . e . ,  2 ,800  km) 

a t  t h e  E q u a t o r  a s  a r e s u l t  o f  t h e  r o t a t i o n  o f  t h e  E a r t h .  

F o r  any  g i v e n  p o i n t  o n  E a r t h ,  t h e  number o f  p a s s e s  o v e r h e a d  

v a r i e s  a s  a f u n c t i o n  o f  t h e  l a t i t u d e  o f  t h e  p o i n t .  F i g u r e  B-3 

d e l i n e a t e s  t h e  number o f  p a s s e s  i n  a  24-hour  p e r i o d  a s  a f u n c t i o n  

o f  l a t i t u d e .  T h e s e  d a t a  a re  f o r  a  nomina l  two-sate l l i te  sys t em.  

T h e  f o l l o w i n g  a re  t a k e n  i n t o  a c c o u n t  i n  i ts  c o n s t r u c t i o n :  

1. A s a t e l l i t e  is c o n s i d e r e d  t o  b e  " v i s i b l e n  when more t h a n  
5  d e g r e e s  above  t h e  h o r i z o n .  

2 .  The  f a c t  t h a t  a t  h i g h e r  l a t i t u d e s  a s i n g l e  p l a t f o r m  
m i g h t  b e  s i m u l t a n e o u s l y  r e c e i v e d  by t h e  t w o  s a t e l l i t e s  
i s  n o t  t a k e n  i n t o  a c c o u n t .  

ARGOS Data C o l l e c t i o n  S y s t e m  (DCS) - 

The Data C o l l e c t i o n  and  L o c a t i o n  Sys tem (DCS) f o r  TIROS-N 

h a s  b e e n  d e s i g n e d ,  b u i l t ,  and  f u r n i s h e d  by t h e  C e n t r e  N a t i o n a l  

d l E t u d e s  S p a t i a l e s  (CNES) o f  F r a n c e ,  who r e f e r  t o  i t  a s  t h e  ARGOS 

Data C o l l e c t i o n  a n d  L o c a t i o n  System. '  The ARGOS p r o v i d e s  a  means 

f o r  o b t a i n i n g  e n v i r o n m e n t a l  ( e  . g o ,  t e m p e r a t u r e ,  p r e s s u r e ,  

a l t i t u d e ,  e t c . )  d a t a  f rom,  and  l o c a t i n g ,  f i x e d  or moving 

p l a t f o r m s .  L o c a t i o n  i n f o r m a t i o n ,  whe re  n e c e s s a r y ,  may b e  

computed  by d i f f e r e n t i a l  d o p p l e r  t e c h n i q u e s  u s i n g  d a t a  o b t a i n e d  

f r o m  t h e  measu remen t  o f  p l a t f o r m  ca r r ie r  f r e q u e n c y  a s  r e c e i v e d  o n  

t h e  s a t e l l i t e .  When s e v e r a l  measu remen t s  a r e  r e c e i v e d  d u r i n g  a 

g i v e n  c o n t a c t  w i t h  a p l a t f o r m ,  l o c a t i o n  c a n  b e  d e t e r m i n e d .  The  

e n v i r o n m e n t a l  d a t a  m e s s a g e s  s e n t  by t h e  p l a t f o r m  w i l l  v a r y  i n  



~pp - - - - 

-,.. Cuinulative 
Visibility 
Time Over Number of Passes Mean Pass 

-..- 24 Hours' in 24 Hours Duration 
Latitude (Minutes) Minimum Mean Maximum (Minutes) 

10 Min. 

Figure B - 3 :  SATELLITE PASSES AS A FUNCTION OF LATITUDE 



l e n g t h  d e p e n d i n g  o n  t h e  t y p e  o f  p l a t f o r m  and  i t s  p u r p o s e .  The 

ARGOS (DCS) s y s t e m  c o n s i s t s  o f  t h r e e  m a j o r  components :  

1. T e r r e s t r i a l  p l a t f o r m s  

2 .  On-board i n s t r u m e n t  

3 .  R e c e i v i n g  s t a t i o n  and p r o c e s s i n g  c e n t e r .  

The t e r r e s t r i a l  p l a t f o r m s  may b e  d e v e l o p e d  by t h e  u s e r  t o  

meet h i s  p a r t i c u l a r  needs  so l o n g  a s  i t  meets t h e  i n t e r f a c e  

c r i t e r i a  d e f i n e d  by CNES. B e f o r e  b e i n g  a c c e p t e d  f o r  e n t r y  i n t o  

t h e  s y s t e m ,  t h e  p l a t f o r m  d e s i g n  mus t  b e  c e r t i f i e d  a s  m e e t i n g  

t h e s e  c r i t e r i a .  By i n t e r n a t i o n a l  a g r e e m e n t ,  e n t r y  i n t o  t h e  

s y s t e m  is  l i m i t e d  to  p l a t f o r m s  r e q u i r i n g  l o c a t i o n  s e r v i c e  or  f o r  

t h o s e  s i t u a t e d  i n  p o l a r  r e g i o n s  o u t  o f  t h e  r a n g e  o f  t h e  DCS o n  

g e o s t a t i o n a r y  s a t e l l i t e s .  O f f i c i a l l y ,  CNES c o n t r o l s  a c c e s s  to  

t h e  sys t em.  P e r m i s s i o n  t o  u s e  t h e  s y s t e m  mus t  b e  o b t a i n e d  by 

making a p p l i c a t i o n  t o  CNES. ~ p p e n d i x  B-2 d e s c r i b e s  p r o c e d u r e s  

f o r  o b t a i n i n g  a c c e s s  to  t h e  s y s t e m  and  Appendix B-3 c o n t a i n s  a  

Program A p p l i c a t i o n  Form. 

The on-board i n s t r u m e n t  is d e s i g n e d  t o  r e c e i v e  t h e  incoming 

p l a t f o r m  d a t a ,  demodu la t e  t h e  incoming s i g n a l ,  and  measu re  b o t h  

t h e  f r e q u e n c y  and r e l a t i v e  t i m e  o f  o c c u r r e n c e  o f  e a c h  

t r a n s m i s s i o n .  The on-board s y s t e m  c o n s i s t s  o f  t h r e e  modules:  

t h e  power s u p p l y  and command i n t e r f a c e  u n i t s ,  t h e  s i g n a l  

p r o c e s s o r ,  and t h e  r e d u n d a n t  r e c e i v e r  and  s e a r c h  u n i t s .  F i g u r e  

B-4 shows t h e  b a s i c  r e l a t i o n s h i p  o f  t h e  component  modules .  

P l a t f o r m  s i g n a l s  a r e  r e c e i v e d  by t h e  r e c e i v e r ,  s e a r c h  u n i t s  

a t  401.65 M H z .  S i n c e  i t  is p o s s i b l e  to  a c q u i r e  more t h a n  o n e  

s i m u l t a n e o u s  t r a n s m i s s i o n ,  f o u r  p r o c e s s i n g  c h a n n e l s  ( c a l l e d  Da ta  

Recovery  U n i t s  ( D R U ) )  o p e r a t e  i n  p a r a l l e l .  Each DRU c o n s i s t s  o f  

a  p h a s e  l o c k  l o o p ,  a  b i t  s y n c h r o n i z e r ,  d o p p l e r  c o u n t e r ,  and  a  

d a t a  f o r m a t t e r .  A f t e r  measurement  o f  t h e  d o p p l e r  f r e q u e n c y ,  t h e  

s e n s o r  d a t a  a r e  f o r m a t t e d  w i t h  o t h e r  i n t e r n a l l y  g e n e r a t e d  d a t a  

a n d  t h e  o u t p u t  t r a n s f e r r e d  to  a  b u f f e r  i n t e r f a c e  w i t h  t h e  
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s p a c e c r a f t  d a t a  p r o c e s s o r  (TIP). The  DCS o u t p u t  d a t a  r a t e  is 

c o n t r o l l e d  t o  720  b i t s  p e r  s e c o n d .  

D a t a  f r o m  t h e  DCS a r e  i n c l u d e d  w i t h  t h a t  f r om t h e  low b i t  

r a t e  i n s t r u m e n t s  w i t h i n  t h e  TIP.  A f t e r  r e c e i p t  o f  t h e  s t o r e d  

d a t a  a t  t h e  c e n t r a l  p r o c e s s i n g  f a c i l i t y ,  t h e  DCS i n f o r m a t i o n  is 

decommuta t ed  a n d  s e n t  t o  t h e  CNES, ARGOS p r o c e s s i n g  c e n t e r  i n  

T o u l o u s e ,  F r a n c e .  A t  t h e  p r o c e s s i n g  c e n t e r ,  t h e  DCS d a t a  a r e  

r e c e i v e d  by a n d  s t o r e d  i n  a s m a l l  c o m p u t e r  a n d  t h e n  t r a n s f e r r e d  

t o  a l a r g e  c o m p u t e r  w h e r e  p r o c e s s i n g  i s  c o m p l e t e d .  R e s u l t i n g  

o u t p u t s  a re  s e n t  t o  s y s t e m  u s e r s  and  a r e  r e t a i n e d  o n  m a g n e t i c  

tape f o r  a r c h i v e  p u r p o s e s .  D a t a  p r o v i d e d  by t h e  p r o c e s s i n g  

c e n t e r  o f  CNES a r e  s u b j e c t  o t  a  t a r i f f .  Appendix  B-4 o u t l i n e s  

t h e  p r e s e n t  t a r i f f  s t r u c t u r e .  An a d d i t i o n a l  u s e r  o p t i o n  is to  

p u r c h a s e  a n d  operate h i s  own r e c e i v i n g  s t a t i o n .  D e t a i l s  a r e  

i n c l u d e d  l a t e r  i n  t h i s  a p p e n d i x .  

P l a t f o r m  T r a n s m i t t e r  T e r m i n a l s  

The P l a t f o r m  T r a n s m i t t e r  T e r m i n a l s  ( P T T ) ,  o r  b e a c o n s  a s  t h e y  

a re  commonly c a l l e d ,  c a n  be m a n u f a c t u r e d  by any  o r g a n i z a t i o n .  

They  a re  b a s i c a l l y  r a d i o  t r a n s m i t t e r s  w h i c h  t r a n s m i t  a  s t r i n g  o f  

d i g i t a l  d a t a  t o  t h e  s p a c e c r a f t  r e c e i v e r .  T h i s  d a t a  is r e p e a t e d l y  

t r a n s m i t t e d  e v e r y  4 0  t o  6 0  s e c o n d s  i n  a  b u r s t  w h i c h  l a s t s  b e t w e e n  

200  a n d  7 6 0  m i l l i s e c o n d s .  F o l l o w i n g  a r e  r e q u i r e d  t r a n s m i s s i o n  

c h a r a c t e r i s t i c s .  

Nominal  C a r r i e r  F r e q u e n c y  

T h e  n o m i n a l  f r e q u e n c y  f o r  ARGOS PTTs is: 

£ 0  = 401.650 MHz f 1 .2  kHz 

P e r m i s s i b l e  d r i f t  d u e  t o  a g i n g  i s  f 2 kHz 



Shor t -Term S t a b i l i t y  (100  -- m s )  

F o r  " l o c a t i o n "  p l a t f o r m s :  

F o r  f i x e d  p l a t f o r m s :  

Medium-Term s t a b i l i t y  ( 2 0  m i n )  -- 
F o r  " l o c a t i o n "  p l a t f o r m s :  

F o r  f i x e d  p l a t f o r m s :  

Long-Term S t a b i l i t y  ( 2  - h o u r s )  

Af 5 10-6  
0 

Message  S t r u c t u r e  

Unmodulated Modulated C a r r i e r  (Time: T 
C a r r i e r  

2) 

B i t  Format I n i t i a l i -  Number o f  I d e n t i -  Sensor 
synchro- synchro- z a t i o n  Groups o f  f i c a t i o n  Data 
n i z a t i o n  n i z a t i o n  32 b i t s  

TI = 160.0  15 b i t s  8 b i t s  1 b i t  4 b i t s  20 b i t s  Nx32 b i t s  
( = I  ) (OOOIOI 1 1 )  (-1) . (1 N 8) 

+ 2 . 5  ms 

Unmodula ted  c a r r i e r  t i m e :  

T = 1 6 0 . 0  2 2 . 5  m s  ( w h i c h  c o r r e s p o n d s  t o 6 4 f  1 
b i t  p e r i o d s )  

M o d u l a t e d  c a r r i e r  d u t y  c y c l e :  T2 

Minimum d u t y  c y c l e :  200.0 ' 2.5 m s  ( c o r r e s p o n d i n g  t o  
3 2  b i t s )  

Maximum d u t y  c y c l e :  760.0  ' 9.5 m s  ( c o r r e s p o n d i n g  t o  
8 b l o c k s  o f  3 2  
b i t s  e a c h )  



T h e  m o d u l a t e d  c a r r i e r  t i m e  may a d o p t  c e r t a i n  i n t e r -  + m e d i a t e  v a l u e s ,  b u t  o n l y  i n  s teps  o f  8 0  - 1 m s  
c o r r e s p o n d i n g  t o  a  3 2 - b i t  b l o c k ) .  

M o d u l a t i o n  t y p e :  PCM B i p h a s e  L  

T r a n s m i s s i o n  d u t y  c y c l e :  T = T I  + T 3 2 

360  f 5  m s  5 T  5 9 2 0  f 1 2  m s  

R e p e t i t i o n  p e r i o d  : 
T~ 

T h e  r e p e t i t i o n  p e r i o d ,  TR , is  v a r i a b l e  a s  f o l l o w s :  

B e t w e e n  40  a n d  6 0  s e c o n d s ,  f o r  " l o c a t i o n "  p l a t f o r m s  

B e t w e e n  6 0  a n d  2 0 0  s e c o n d s  f o r  d a t a - c o l l e c t i o n - o n l y  
p l a t f o r m s  

C o d i n g  

4  b i t s  t o  e n c o d e  number  o f  3 2 - b i t  d a t a  b l o c k  

I d e n t i f i c a t i o n  c o d e :  20 b i t s  

1 4  b i t s  f o r  t h e  p l a t f o r m  number 

6  b i t s  f o r  b i t  e r ror  d e t e c t i o n  

S e n s o r  d a t a :  

' V a r i a b l e  ( i n  3 2 - b i t  s teps)  b e t w e e n  3 2  a n d  2 5 6  b i t s  

' S e n s o r  d a t a  e n c o d i n g :  r e f e r  t o  t h e  c h a p t e r  e n t i t l e d  
" D a t a  P r o c e s s i n g "  

B i t  ra te :  -- 
N o m i n a l  b i t  ra te :  f b  = 400 + 5  b p s  

T h e s e  c h a r a c t e r i s t i c s  a r e  s u m m a r i z e d  i n  F i g u r e  B-5. 

S e v e r a l  c o m p a n i e s  p r e s e n t l y  m a n u f a c t u r e ,  a s  o f f - t h e - s h e l f  

i t e m s ,  t h e s e  PTTs. Two o f  t h e  l e a d e r s  i n  t h i s  f i e l d  a re  P o l a r  

R e s e a r c h  L a b o r a t o r y ,  I n c .  a n d  H a n d a r ,  I n c .  ~ p p e n d i x  B-5 

c o n t a i n s  i n f o r m a t i o n  o n  t h e i r  p r o d u c t  l i n e s .  



C a r r i e r  frequency 401.650 MHz 

Aging (du r ing  l i f e )  +2 KHz - 

Short  term s t a b i l i t y  (100 ms) 1  : l o 9  ( p l a t f o r m  r e q u i r i n g  l o c a t i o n )  
1  : l o8  ( p l a t f o r m  n o t  r e q u i r i n g  l o c a t i o n )  

Medium term s t a b i l i t y  (20 min) :0.2 Hz/min ( r e q u i r i n g  l o c a t i o n )  

Long term ( 2  h r )  

Power out :  34 - 8  dBm (3w) nominal 

Range d u r i n g  t ransmission :0.5 db 
( s t a b i l  i t y )  

Antenna: V e r t i c a l  l i n e a r  p o l a r i z a t i o n  

Message leng th :  3 6 0  ms t o  920ms 

R e p e t i t i o n  pe r iod  f o r  message: 40-60 sec ( r e q u i r i n g  l o c a t i o n )  
60-200 sec (no t  r e q u i r i n g  l o c a t i o n )  

Data sensors: 4-32 e i g h t - b i t  sensors f o r  environmental data 

Tota l  number o f  p la t fo rms :  4,000 g loba l  
459 w i  t h i n  view 

Figure B-5: ARGOS PLATFORM CHARACTERISTICS 

B-12  



ARGOS Random Access R e c e p t i o n  and  L o c a t i o n  C a p a b i l i t i e s  

The  o n l y  c o m m u n i c a t i o n s  l i n k s  b e t w e e n  u s e r s '  p l a t f o r m s  a n d  

t h e  s a t e l l i t e s  a r e  one-way p l a t f o r m - t o - s a t e l l i t e  u p l i n k s .  

M e s s a g e s  f rom p l a t f o r m s  w i t h i n  a s a t e l l i t e ' s  c o v e r a g e  z o n e  a p p e a r  

a t  t h e  i n p u t  t o  t h e  o n b o a r d  r e c e i v e r  i n  a random f a s h i o n .  

Message  s e p a r a t i o n  i n  t i m e  i s  o b t a i n e d  t h r o u g h  t h e  

a s y n c h r o n i z a t i o n  o f  t r a n s m i s s i o n s  a n d  t h e  u s e  o f  d i f f e r e n t  

r e p e t i t i o n  p e r i o d s .  Message  s e p a r a t i o n  i n  f r e q u e n c y  i s  a c h i e v e d  

a s  a r e s u l t  o f  t h e  d i f f e r e n t  D o p p l e r  s h i f t s  i n  t h e  c a r r i e r  

f r e q u e n c y  t r a n s m i t t e d  by t h e  v a r i o u s  p l a t f o r m s .  I n  t h e  e v e n t  o f  

a number o f  m e s s a g e s  r e a c h i n g  t h e  r e c e i v e r  i n p u t  s i m u l t a n e o u s l y ,  

u p  to  f o u r  c a n  be a c q u i r e d  p r o v i d e d  t h e y  a re  s e p a r a t e d  i n  

f r e q u e n c y .  

T h e  p r o b a b i l i t y  o f  m e s s a g e  a c q u i s t i o n  d u r i n g  a s a t e l l i t e  

p a s s  is  g i v e n  by t h e  f o r m u l a :  

- P e )  N 

w h e r e  N is t h e  number  o f  m e s s a g e s  t r a n s m i t t e d  by t h e  p l a t f o r m  

w h i l e  w i t h i n  t h e  s a t e l l i t e ' s  c o v e r a g e ,  a n d  P e  is t h e  e l e m e n t a r y  

p r o b a b i l i t y  o f  m e s s a g e  a c q u i s i t i o n .  N i s  g i v e n  by t h e  p a s s  

d u r a t i o n  d i v i d e d  by t h e   platform,'^ t r a n s m i s s i o n  r e p e t i t i o n  

p e r i o d .  Pe  i s  a f u n c t i o n  o f :  t h e  number  o f  t r a n s m i s s i o n s  

r e c e i v e d  p e r  s e c o n d  by t h e  o n b o a r d  r e c e i v e r  ( i f  P e  i s  a 

f u n c t i o n  o f  b o t h  t h e  number  o f  p l a t f o r m s  s i m u l t a n e o u s l y  w i t h i n  

t h e  s a t e l l i t e ' s  c o v e r a g e  and  o f  t h e i r  r e p e t i t i o n  p e r i o d s ) ,  a n d  

t h e  d u r a t i o n  o f  e a c h  message .  

Numerous s i m u l a t i o n  t es t s  w i t h  t h e  ARGOS o n b o a r d  e q u i p m e n t  

p a c k a g e  h a v e  p r o v i d e d  u s e f u l  d a t a  c o n c e r n i n g  t h e  v a r i a t i o n  o f  P e  

a s  a f u n c t i o n  o f  Xe ( t h e  number  o f  t r a n s m i s s i o n s  p e r  s e c o n d  

u s e e n '  by t h e  s a t e l l i t e )  s u b j e c t  t o  t h e  a s s u m p t i o n  t h a t  a l l  

m e s s a g e s  l a s t  360  m s  ( w h i c h  c o r r e s p o n d s  to  4 p l a t f o r m  s e n s o r s ,  

e a c h  g e n e r a t i n g  a n  8 - b i t  word).  



By s p e c i f y i n g  t h e  p l a t f o r m  r e p e t i t i o n  p e r i o d s ,  a  c o r r e l a t i o n  

c a n  be e s t a b l i s h e d  b e t w e e n  t h e  number  o f  t r a n s m i s s i o n s  r e c e i v e d  

per  s e c o n d  a n d  t h e  number o f  p l a t f o r m s  t h a t  a re  s i m u l t a n e o u s l y  

v i s i b l e  a t  a  g i v e n  t i m e .  

F i g u r e  B - 6  i l l u s t r a t e s  t h e  p r o b a b i l i t y  o f  mes sage  

a c q u i s i t i o n  fo r  b o t h  3 a n d  4 o p e r a t i n g  p r o c e s s i n g  u n i t s .  

T h e  l o c a t i o n  o f  e a c h  p l a t f o r m  is d e t e r m i n e d  s o l e l y  by 

m e a s u r i n g  t h e  D o p p l e r  e f f e c t  o n  t h e  c a r r i e r  f r e q u e n c y  o f  

in -coming  m e s s a g e s  ( t h e  t r a n s m i t t i n g  f r e q u e n c y  b e i n g  f i x e d  a n d  

t h e  same f o r  a l l  p l a t f o r m s ) .  

Each  m e a s u r e m e n t  made by t h e  s a t e l l i t e  c o r r e s p o n d s  t o  a  

f i e l d  o f  poss ible  p o s i t i o n s  o f  t h e  p l a t f o r m  u n d e r  c o n s i d e r a t i o n .  

T h i s  f i e l d  t a k e s  t h e  f o r m  o f  a c o n e  w i t h  t h e  s a t e l l i t e  as i t s  

a p e x ,  t h e  s a t e l l i t e  v e l o c i t y  v e c t o r  $ a s  t h e  a x i s  o f  symmetry  a n d  

a p e x  h a l f - a n g l e  8 ,  w h e r e  8 i s  s u c h  t h a t :  

c F d  cos 8 = - ' -  " Fo 

whe re :  

c = s p e e d  o f  l i g h t  

V = s a t e l l i t e  v e l o c i t y  

Fo = p l a t f o r m  t r a n s m i s s i o n  f r e q u e n c y  

~d = f r e q u e n c y  of m e s s a g e  r e c e i v e d  by  t h e  s a t e l l i t e .  

T h e  a l t i t u d e  of t h e  s a t e l l i t e  b e i n g  assumed  t o  b e  known, t h e  

i n t e r s e c t i o n  of s e v e r a l  o f  t h e s e  c o n e s  ( e a c h  c o r r e s p o n d i n g  t o  a  

separate m e a s u r e m e n t )  w i t h  t h e  a l t i t u d e  s p h e r e  y i e l d s  t h e  
s o l u t i o n .  

The  ma in  errors t h a t  c a n  be c o n s i d e r e d  a s  i n h e r e n t  i n  t h e  

ARGOS s y s t e m  are: 

Errors  i n  t h e  p o s i t i o n  o f  t h e  s a t e l l i t e  a l o n g  i ts  o r b i t .  A 
spec ia l  n e t w o r k  o f  " p o s i t i o n  d e t e r m i n a t i o n "  s t a t i o n s  h a s  
b e e n  s e t  u p  t o  m i n i m i z e  t h i s  t y p e  o f  error. T h a n k s  t o  t h i s  
n e t w o r k ,  t h e  s a t e l l i t e s '  p o s i t i o n s  c a n  be d e t e r m i n e d  t o  
w i t h i n  300  m a l o n g  t h e  o r b i t  a n d  w i t h i n  1 5 0  m a l o n g  t h e  
o t h e r  two a x e s .  F u r t h e r  r e f i n e m e n t  c a n  b e  o b t a i n e d  by 



Po - ELEMENTARY PROBABlL l T Y  

- NUMBER OF MESSAGES PER SECOND 

N p  - NUMBER OF PLATFORMS (wi th  TR = 200 1) 

SIMULTANEOUSLY V I S I B L E  

Figure B-6:  PROBABILITY OF MESSAGE ACQUISITION 



p l a c i n g  i n d e p e n d e n t  r e f e r e n c e  b e a c o n s  i n  a  ne twork  c o v e r i n g  
t h e  g e n e r a l  a r e a  o f  i n t e r e s t .  T h e s e  b e a c o n s  have  a  known 
l o c a t i o n  and  p a s s  a n  I D  c o d e  t o  t h e  s a t e l l i t e  i n  t h e  same 
manner  a s  a  PTT. By working  backward f rom t h e i r  " c a l c u l a t e d  
l o c a t i o n " ,  o n e  c a n  d e t e r m i n e  p r e c i s e l y  t h e  l o c a t i o n  o f  t h e  
s a t e l l i t e .  

Errors  i n  t h e  t i m e  a t  which e a c h  Dopp le r  measurement  i s  
made. 

Errors c o n c e r n i n g  t h e  number o f  messages  r e c e i v e d  d u r i n g  a  
p a s s  o v e r  a  g i v e n  p l a t f o r m ;  t h i s  number b e i n g  used  i n  t h e  
c a l c u l a t i o n  t o  d e t e r m i n e  t h e  p l a t f o r m  l o c a t i o n .  

The minimum number o f  messages  i s  5. T a k i n g  i n t o  a c c o u n t  

t h e  mean p a s s  d u r a t i o n  a n d  t h e  p r o b a b i l i t y  o f  a c q u i r i n g  e a c h  

message ,  t h e  r e p e t i t i o n  p e r i o d  o f  p l a t f o r m s  t h a t  a r e  d e s t i n e d  t o  

be l o c a t e d  s h o u l d  b e  be tween  40 and  60 s e c o n d s .  

The s y s t e m  c a n  be c h a r a c t e r i z e d  by g i v i n g  t h e  a c c u r a c y  o f  

l o c a t i o n  f o r  a  " n e a r  p e r f e c t "  p l a t f o r m .  T h i s  means a  p l a t f o r m  

s u c h  t h a t :  

a .  t h e  a l t i t u d e  i s  known, 

b. i ts  s p e e d  i s  c o n s t a n t  be tween s a t e l l i t e  p a s s e s ,  

c. i t s  o s c i l l a t o r  i s  h i g h l y  s t a b l e  ( i .e . ,  s t a b l e  t o  2.10-' 
o v e r  20 m i n u t e s ) .  

The c o r r e s p o n d i n g  a c c u r a c y ,  d e t e r m i n e d  by s i m u l a t i o n  s t u d i e s ,  i s  

g i v e n  i n  t h e  t a b l e  below. 

Accuracy  of Accuracy  of 
P o s i t i o n  Speed  
D e t e r m i n a t i o n  D e t e r m i n a t i o n  

0 .7  km 0 . 2 5  m / s e c  a t  10, i . e . ,  i n  68% 
of a l l  cases 

2  km 0.75 m / s e c  a t  30, i . e . ,  i n  99% 
of a l l  c a s e s  

\ 



ARGOS R e c e i v i n g  S t a t i o n  

- .  

A l l  d a t a  r e c e i v e d  from PTTs by t h e  s a t e l l i t e  a r e  

...-. s i m u l t a n e o u s l y  s t o r e d  o n  a n  on-board t a p e  r e c o r d e r  f o r  l a t e r  

r e t r a n s m i s s i o n  and r e t r a n s m i t t e d  i m m e d i a t e l y  by a  VHF l i n k  a t  

1 3 6 , 7 7 0  o r  1 3 7 , 7 7 0  Mcs ( d e p e n d i n g  on  t h e  s a t e l l i t e )  which is  t h u s  
*-. 

m o d u l a t e d  a t  8320  b i t s / s e c o n d .  The s i g n a l  t r a n s m i t t e d  t o  t h e  

g round  c o n t a i n s  a l l  t h e  d a t a  from ARGOS on-board equ ipmen t ;  t h e  
- &. r a d i a t e d  power is  o f  t h e  o r d e r  o f  250 mW. F o r  a p p l i c a t i o n s  

r e q u i r i n g  a real-time c a p a b i l i t y ,  u s e  o f  a n  i n d e p e n d e n t  r e c e i v i n g  

-. s t a t i o n  is  recommended o v e r  u s e  of  t h e  F r e n c h  D a t a  C e n t e r  b e c a u s e  

o f  i n h e r e n t  d e l a y s  i n  t h e  l a t t e r .  

- I n e x p e n s i v e  r e c e i v i  g  s t a t i o n s  c a n  b e  p u r c h a s e d  f rom s e v e r a l  

m a n u f a c t u r e r s .  Appendix R-6 c o n t a i n s  i n f o r m a t i o n  on. o n e  s u c h  

- s y s t e m ,  t h a t  p r o d u c e d  by Old  omi in ion Sys t ems ,  I n c .  

A r e c e i v i n g  s t a t i o n  is  made up o f  s e v e r a l  components .  They 

- i n c l u d e :  

D i r e c t a b l e  VHF a n t e n n a  s y s t e m  

VHF r e c e i v e r  

B i t  and  f r ame  s y n c h r o n i z a t i o n  

Decommu t a to r  

Mic rocompute r  

T e r m i n a l  

* " 

The r a n g e  o f  o p e r a t i o n  of  t h e  P ~ T / s a t e l l i t e / r e c e i v i n g  

s t a t i o n  s y s t e m  may b e  c a l c u l a t e d  a s  f o l l o w s .  The s a t e l l i t e  sees 
b - a l l  t h e  p o i n t s  l o c a t e d  w i t h i n  a  cone  t a n g e n t i a l  t o  t h e  g l o b e  and 

t h e  a p e x  o f  which  i s  t h e  s a t e l l i t e  i t s e l f  and t h e  v e r t e x  h a l f  

-. a n g l e  63' ( a l t i t u d e  830  km). The i n t e r s e c t i o n  o f  t h e  c o n e  w i t h  

t h e  g l o b e  i s  a  c i r c l e  w i t h  a  r a d i u s  o f  3000 km. The d i s p l a c e m e n t  

- .  "of  t h i s  p o i n t "  d u e  t o  t h a t  o f  t h e  s a t e l l i t e  i n  o r b i t  is  c a l l e d  
t h e  p a t h  o f  t h e  s a t e l l i t e  o n  t h e  e a r t h .  



I n  t h e  same way a  p l a t f o r m  o n  t h e  E a r t h  sees any  p o i n t  

l o c a t e d  above  i t s  h o r i z o n  ( a n g l e  o f  s i g h t  0  " ) .  Because  of  

r a d i o e l e c t r i c  p r o p a g a t i o n  p rob lems ,  o n e  r a t h e r  c o n s i d e r s  t h e  

v i s i b i l i t y  e n v e l o p e  r e l a t e d  t o  a  minimum a n g l e  o f  s i g h t  o f  5 " .  

The l o c u s  o f  v i s i b l e  p o i n t s  is t h e n  a  cone ,  t h e  a p e x  o f  which is 

t h e  p l a t f o r m ,  and t h e  v e r t e x  h a l f - a n g l e  e q u a l  t o  (90-5 " )  . The 

g l o b e  " o r b i t a l n  p o r t i o n  ( r a d i u s  7 ,400  km: E a r t h  r a d i u s  + 
s a t e l l i t e  a l t i t u d e )  w i t h i n  t h i s  c o n e  i s  t h e  l o c u s  o f  a l l  t h e  

s a t e l l i t e  p o s i t i o n s  s e e n  by t h e  p l a t f o r m .  I f  t h i s  p o r t i o n  o f  a  

s p h e r e  i s  p r o j e c t e d  o n t o  t h e  s u r f a c e  o f  t h e  E a r t h  o n e  d e f i n e s  t h e  

" p l a t f o r m - s a t e l l i t e s  v i s i b i l i t y  c i r c l e " .  The p l a t f o r m  sees a  

s a t e l l i t e  whenever  t h e  p a t h  o f  t h e  l a t t e r  on  t h e  E a r t h  g o e s  

th rough  t h i s  " v i s i b i l i t y  c i rcle" .  F o r  a  minimum l i n k  a n g l e  o f  

s i g h t  o f  5 " ,  t h e  r a d i u s  o f  t h i s  c i r c l e  is  2500 km. 

The " r e c e i v i n g  s t a t i o n  - s a t e l l i t e  v i s i b i l i t y  c i r c l e "  is  

d e f i n e d  i n  t h e  same way. I n  t h i s  c a s e ,  t h e  minimum l i n k  a n g l e  o f  

s i g h t  is 1 0 "  b e c a u s e  o f  t h e  l o w  power t r a n s m i t t e d  by t h e  

s a t e l l i t e .  Under t h e s e  c o n d i t i o n s  t h e  c i rc le  r a d i u s  is 2100 km. 

The VHF r e c e i v i n g  s t a t i o n  sees a  s a t e l l i t e  and  c a n  t h e r e f o r e  

r e c e i v e  t r a n s m i s s i o n s  whenever  t h e  s a t e l l i t e  p a t h  c u t s  a c r o s s  t h e  

s t a t i o n  v i s i b i l i t y  c i r c l e .  Direct  r e c e p t i o n  o f  PTT s i g n a l s  by 

t h e  VHF r e c e i v i n g  s t a t i o n  i s  p o s s i b l e  i f  t h e  s a t e l l i t e  c a n  

s i m u l t a n e o u s l y  see t h e  p l a t f o r m  and  t h e  r e c e i v i n g  s t a t i o n  ( F i g u r e  

B-7) ,  or i f  t h e  r e s p e c t i v e  v i s i b i l i t y  c i rc les  d e f i n e  - a  common 

a r e a  on  t h e  E a r t h  S.  The p l a t f o r m  and  t h e  s t a t i o n  a r e  l i n k e d  --- - 
when t h e  p a t h  o f  a  s a t e l l i t e  c u t s  a c r o s s  t h i s  common a r e a .  The 

l i n k  d u r a t i o n  is  o b v i o u s l y  p r o p o r t i o n a l  t o  t h e  l e n g t h  o f  p a t h  

w i t h i n  t h e  common a r e a  S. 



P l a t f o r m  T r a n s m i t t e r  
Termina l  

Minimum E l e v a t i o n  Angle 

Rece iv ing  S t a t i o n  

PF = P l a t f o r m  Radius \ 
ST = R e c e i v i n g  S t a t i o n  ~ a d i u s  

S  = Area over which s a t e l l i t e  
c a n  r e l a y  p l a t f o r m  t r a n s m i s s i o n  
t o  r e c e i v i n g  s t a t i o n  

- 
S a t e l l i t e  P a t h  

F i g u r e  B-7: SATELLITE POSITION FOR PTT SIGNAL RECEPTION 
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The documents making up the "ARGOS Access File" are sent 

in two mailings. The first contains : 

- the PROGRAM APPLICATION form. 

The other documents are forwarded to the user as soon as 

the completed PROGRAM APPLICATION form has been received 

by Service ARGOS. 



C O N T E N T S  

INTRODUCTION 

1 - PROGRAM APPLICATION and APPROVAL 
1.1 - Conditions of Program Approval 
1.2 - Program Application 

1.2.1 - General 
1.2.2 - Filling out the Program Application Form 

2 - "TECHNICAL PREPARATION" FILE 
2.1 - Program Review 

2.1.1 - Compatibility with the 'ARGOS system 
2.1.2 - Repetition periods 
2.1.3 - ARGOS identification numbers 
2.1.4 - "Program Review" form 

2.2 - PTT Deployment Preliminaries 
2.2.1 - PTT registration 
2.2.2 - "Table of Correspondence" 

2.3 - Processing and Dissemination of Results 
2.3.1 - On-line processing and dissemination 
2.3.2 - Off-line processing and dissemination 

3 - FORMALIZED AGREEMENTS 
3.1 - Memorandum of Agreement 

3.2 - Contract 



Name 

Country  : 

Program . : 

Experiment : 

SITUATION OF - -- -- 
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-- - 

Documen ts  w h i c h  h a v e  t o  be  e x c h a n g e d  

b e t w e e n  t h e  U s e r  a n d  S e r v i c e  A r g o s  : 

1 

Accepted Refused 
on on 

( PROGRAM REV1 EW I d  

P la t f o rm  t r a n s m i t t e r  Completed on 
te rmina l  REGISTRATION 

TABLE OF CORRESPONDANCE 

- C o m p a t i b i l i t y  - R e p e t i t i o n  pe r i od  
- I d e n t i f i c a t i o n  number 

I PROCESSINGANDDISSENINAT ION I Completedon 

Compl e ted  on 

1 

- on l i n e  process ing - da ta  bank 

Forwarded on I 
FORMALISED AGREEMENTS I 

Signed on I Memorandum o f  Agreement 
1 1 

Forwarded on 

Signed on I Contract  
J 

Forwarded on 
CONDITIONS OF ACCESS 
TO THE SYSTEM Copi e 

C o u r r i e r  d e p a r t  



I N T R O D U C T I O N  

Access to the ARGOS system is a three-phase procedure : 

program application and approval, technical preparation, 

and formalized agreements. 

- Proaram application and approval 

The ARGOS system can only be used for applications (pro- 

jects, programs, experiments, etc.) concerned with envir- 

onmental data collection. 

Following a review of the application made by a user, 

approval will be granted if the above condition is clear- 

ly satisfied. 

- "Technical Preparation" file 

The "Technical Preparation" file constitutes a means of 

information exchange between the user and Service ARGOS. 

Such an exchange is a necessary preliminary to the entry 

of any program into the system. The purpose of this ex- 

change is to enable users to specify their exact needs 

and to give Service ARGOS the opportunity to specify the 

system's capabilities of meeting these needs. 

- Formalized aqreements 

This, the last phase of the admission procedure involves 

the signing of various undertakings by both the user and 

Service ARGOS. This phase also includes the formal recog- 

nition of the rules of operation of the system. 

Two documents may be signed : 

- a Memorandum of Agreement (MOA), and 
- a contract. 
Access to the system will be granted when agreement has 

been reached on all of the above points (see figure 1). 



1 - PROGRAM APPLICATION AND APPROVAL 

C~nditi~ns of Proaram Approval 

The ARGOS system can only be used for, applications 

concerned with environmental data collection. Environmental 

data are defined as measurements of physical, chemical, or 

biological properties of the water, earth, or atmosphere 

including space. 

The APPROVAL of a proaram application corresponds 

to the checkina that these conditions are satisfied. 

The user is required to supply a sufficiently de- 

tailed description of the proposed program and to return a 

completed Program Application form. These documents are to 

be forwarded to Service ARGOS who, in turn, submits them to 

the Operations Committee for approval. (i) 

NOTE : Applications not directly concerned with environmental 

data collection may be approved, provided that : 

- the application does not last more than 6 months, 
- the Program Application is examined by the Oper- 
ations Committee according to a special procedure 

and ultimately accepted. 

APPROVAL PRIORITIES 

Program Applications will be approved by the Operations 

Committee according to the following priorities : 

First priority -------------- 
Platforms used for environmental data collection that 

cannot be accommodated by any system other than ARGOS. 

(*)All U.S. applicants are requested to send a duplicate copy of their 
application questionnaire to the following address : 

Mr DOUGLAS MAC C A U U M ,  Chief, Data Collection & Direct Broadcast Br. 
SATELLITE SERVICE DIVISION,MAIL STOP G - NOAA / NESS - 
Room 711 World Weather Building - WASHINGTON D.C. 20233 - 

B-25 



Second priority --------------- 

Platforms used for environmental data collection but 

from which results could be obtained by means other than the 

ARGOS system. This category covers platforms that could be 

accommodated by geostationary satellites. 

Third priority -------------- 

Platforms used for data collection and location programs 

that are not directly concerned with the environment but 

which satisfy the requirements listed above under the sub- 

heading "NOTE". , 

These priorities will be used for the selection of exper- 

iments wherever there is a risk of system saturation (see 

"Technical Preparation" file, under Program Review). 

1.2 - Proqram Application 

1.2.1 - General ------- 

Users should submit Program Applications 

at the earliest possible date. This is important since, in 

certain cases, the application may have to be submitted to 

the Operations Committee for special review and may, as a 

result, be somewhat delayed. 

Furthermore, there is always a certain 

risk that approval might not he granted by the Committee. 

Thus, it is in the user's interests not to 

undertake any actions that might lead to user commitments, 

before notification has been received of proqram APPROVAL. 



1.2.2 - Filling out the Program Application form ........................................ 

The request for the admission of a program 

is made by completing and returning the Program Application 

form. 

This form is used directly for all process- 

ing formalities and, in particular, for submissions to the 

Operations Committee; it should t.hus be filled out most 

carefully. 

Program Application forms may be filled 

out in either the French or English language. 



2 - TECHNICAL PREPARATION FILE 

The entry into the system of one or more platforms in- 

volves the exchange of a certain amount of technical in- 

formation between the user and Service ARGOS. 

This exchange takes place as detailed below. 

2.1 - Proqram Review 

2.1.1 - Compatibility with the ARGOS system ................................... 

A detailed description of the proposed user 

program is required to enable Service ARGOS to determine the 

compatibility between the program and the ARGOS system. 

Despite the large capacity of the ARGOS 

system, there may be some risk, in certain geographical zones, 

of the platform density reaching a level that may compromise 

system performance. 

Each user program will thus be examined on 

the basis of data provided concerning : 

- the geographical distribution of the plat- 
forms to be deployed, 

- the planned number of platforms, 
- the functions required of the ARGOS 

system, i.e. data collection and/or platform location. (Note, 

this is equivalent to specifying the message repetition 

period of each platform). 

This information is then used, along with 

that already available concerning other platforms to be 

deployed in the same area, to determine the number of mes- 

sages per second that will reach the satellite when the 

zone comes within the satellite's coverage. 



This study is thus used to determine 

whether there is any risk of performance degradation due 

to saturation. 

If there is a risk of ~erformance deq- 

radation, approval cannot be granted. An estimate of the 

date by which approval may be possible is communicated to 

the user. 

If there is no risk of performance 

deqradation, access to the system can progress normally. 

Repetition periods ------------------ 

This study is also used to allocate a 

message repetition period to each platform. This period, 

T ~ '  will fall within the following ranges : 

- 40 to 60 seconds if platform location is required, 
- 100 to 200 seconds if data collection is the 
only required function, - 

The value (or values) selected are 

proposed to the user. 

2-1-3 - ARGOS identification numbers ............................ 

The ARGOS identification numbers (ID No) 

required to ensure that each platform is correctly iden- 

tified and processed are communicated to users by Service 

ARGOS . 



2.1.4 - "Program Review" form ..................... 

Upon reception of the Program Application 

form, Service ARGOS undertakes the review of the proposed 

program. 

The results of this review (program compat- 

ibility with the ARGOS system, repetition periods, identifi- 

cation numbers) are recorded on the "Program Review" form. 

If the Program Application is approved by the Operations 

Committee, the Program Review form is forwarded to the user 

along with the notification of approval. 

2.2 - PTT Deployment Preliminaries 

2.2.1 - PTT registration 

Each platform transmitter terminal, or 

PTT (appropriately identified by the manufacturer's name, 

the type and serial number), must be reaistered with Service. 

ARGOS before being introduced into the system. 

To register a PTT, the user must send the 

standard format data sheet supplied by the manufacturer with 

each unit to Service ARGOS. The section of the data sheet 

to be filled out by the user must, of course, be completed 

appropriately. 

In particular, the user must specify the 

anticipated operating temperature range of the electronics 

throughout the proposed program. Obviously, this temperature 

range must fall entirely within the range for which CERTI- 

FICATION was granted. 

The antenna used with the PTT must be of 

the same type as that for which CERTIFICATION was granted. 



2.2.2 - "Table of Correspondence" ........................ 
The user must prepare a table detailing 

the correspondence.between the ARGOS identification numbers 

allocated for the program and the manufacturer's serial 

number for each PTT to be deployed. This "table of corres- 

pondence" must reach Service ARGOS before the program in 

question actually becomes operational. 

2.3 - Processina and Dissemination of Results 
Following the above-described exchange of infor- 

mation and the completion of the "data processing and dis- 

semination" file, Service ARGOS should normally be in 

possession of all the information necessary for carrying 

out the tasks requested by the user. The so-called "data 

processing and dissemination" file is divided into two parts: 

- one concerning on-line processing and dissemi- 
nation, 

- the other concerning off-line processing and 
dissemination. 

2.3.1 - On-line processing and dissemination .................................... 
The on-line part of the data processing 

file contains documents specifying : 

- the user's on-line processing require- 
ments and the modes and means of on-line data dissemination, 

- the results to be stored in the ARGOS 
data bank. 

2.3.2 - Off-line processing and dissemination ..................................... 
The off-line part of the data processing 

file contains documents specifying : 

- the tasks to be performed on data stored 
in the data bank, 

- the periodicity with which results are 
to be forwarded to the user, 

- the type of support medium (magnetic 
tape, microfiche, etc.) . 



3 - FORMALIZED AGREEMENTS 

This, the third and last phase of the program application 

and approval procedure involves the signing of two documents 

by the user and Service ARGOS. 

3.1 - Memorandum 0.f 'Acrreement (MOA) 
The memorandum of agreement (MOA) will detail all 

rules, and their limitations, governing system operation and 

define the role and undertakings of each party. 

The MOA can, however, be negotiated between the 

user and Service ARGOS. The document will be signed by 

both parties when agreement has been reached on all points. 

3.2 - Contract 

A contract will be prepared concerning all ser- 

vices for which users are to be charged. 

The contract will indicate both the amounts 

due for services and the conditions of payment (now 4n- - -- 

preparation) . 



APPENDIX B-3 

ARGOS SYSTEM PROGRAM APPLICATION 



P R O G R A M  A P P L I C A T I O N  

-------------------------------------- 

The Program A p p l i c a t i o n  f o r m  m a y  be f i l l e d  o u t  i n  
T- -..., - l i s h  o r  F r e n c h .  The c o m p l e t e d  f o r m  s h o u l d  be 

Se i -v i ce  ARGOS 

C e n t r e  S p a t i a l  d e  T o u l o u s e  

1 8 ,  a v e n u e  E .  B e l i n  

31055 T o u l o u s e  Cedex 

France  

"'~ll 0.5. apolicants are  r e q u e s t s d  to send a r'.~gliczto czpy of <=el= 
a~plication question.!aize to L?ie fcllowing a d b e s s  : 

.Yr DOUGLAS 41AC CZGM, Chief, Cata Collection & Dizect 3roadcast 3r. 
SATS'LITE SER'IICE 3 I V i S I O N ,  Y A I L  STCP G - N C U  / NESS - 
?.oa 711 World Weathe1 aul ld ing  B W S Y G T O N  - D.C. 2 0 2 3 3  - 



(assigned by Service 
ARGOS) 

PROGRAM APPLICATION FORM 
........................ 

Proqram : 

This program is approved 

This program is not approved 

Priority : 

Observations : 

Date : 

Co-Chairman Co-Chairman 



I - IDENTIFICATION of the Program Director (1) or the person 
responsible for relations with Service ARGOS 

Surname and first name : 

Job function within the organization or company : 

Organization or company : 

Department : 

Address : 

11- IDENTIFICATION of the Program - Where applicable specify 
both the NAME of the program and your references 

(1) If there is more than one address or contact, kindly give 
all relevant details. 



111 - PROGRAM APPLICATION (2) 

11.1.1 - DESCRIPTION OF PROGRAM (3) ...................... 

( 2 )  or EXPERIMENT APPLICATION or PROJECT APPLICATION. 

(3) This description must be sufficiently detailed to enable 
Service ARGOS to determine the aims and the main charac- 
teristics, these elements being essential for the approv- 
al or rejection of the program application. 



111.2 - ADDITIONAL IKFORMATION ...................... 

- Type of proaram 

- Date of start of proqram : 

- Date of end of prosram : 

. experimental 

. lead-up to an operational 
program 

. operational 

. other 

- Types of platforms to be used (X) : . fixed 
. buoys 
. balloons 
. other 

- Number of platforms : 

- Geoqraphical zone covered by the program (4) : 

- Program requirements (x) : 
. location (with minimal data collection) only 
. data collection only 
. data collection and platform location 

- Physical parameters to be measured and number of sensors 
per platform (5) : 

: Delete as necessary. 

(4) : Please fill out this section most carefully; certain 
geographical zones may be subject to saturation. 

(5) : Please fill out this section most carefully. 



IV - PLATFORM TRANSMITTER TERXINALS ( PTTs) 

. Name of manufacturer 

. Type of PTT selected 

IMPORTANT : 

All information given on this form will be used 

for the program REVIEW. 

The aims of the program review are : 

- to check the compatibility of the proposed program 
and the ARGOS system, 

- to propose the message repetition period (or 
periods), 

- to allocate ARGOS identification numbers. 



APPENDIX B - 4  

CNES TARIFF RATES 



CEtJTRE N A T I O N A L  

D'ETU DES SPATIALES 

DATA C O L L E C T I O N  AND PLATFORM L O C A T I O N  

SYSTEM, 

TARIFFS - composition 
of the Argos System 

.. I ,  . 

11 t n h i b b h  ahe  g i v e n  i n  Fnench Fhancd and 
. x c 1 u b i u e  ob t a x ~ b  I 

B a s i c  t e c h n i c a l  da ta  concer- 
n i n g  t h e  ARGOS system and 
upon which t h e  new t a r i f f s  
a r e  based, a r e  b r i e f l y  
s u m a r i  zed be1 ow. 

For  more d e t a i l e d  in forma-  
t i o n ,  r e f e r  t o  the  ARGOS 

documents pub1 i shed by  
S e r v i c e  ARGOS. 

. Argos System PTTs can t r a n s -  
m i t  up t o  256 b i t s  o f  i n -  
f o r m a t i o n  encoded u s i n g  a  N&y-%L&& 
3 2 - b i t  word format .  'Fkasu- plaHoms 

,*f- 
rement da ta  may be analog 
o r  d i g i t a l  

aata 
processiig 

center . The f o l l o w i n g  t a b l e  g ives  
approximate sate1 li t e  v i s i -  
b i l i t y  data,  as a  f u n c t i o n  
o f  l a t i t u d e ,  f o r  a  24-hour 
p e r i o d  and f o r  a  two- 
sa te1  l i t e  space segment. 

latitude r- 
dissemination of results I 

visibility 
timn, ovw 
24 hours 

80 min. 
88 rnin. 
100 min. 
128 rnin. 
170 rnin. 
246 rnin 
322 rnin. 
384 rnin. 

mean pass 
duration 

10 rnin 

F o r  f u r t h e r  --- i n f o r m a t i o n  concern ing t a r i f f s  and c o n d i t i o n s ,  c o n t a c t  : 

kr. C. PERRlER DE LA BATHIE - S e r v i c e  ARGOS 
C.N.E.S. - 18 av. Edouard B e l i n  
31055 TOULOUSE CEDEX - FRANCE 



I - DATA -- ACQUISITION AND PROCESSING --- - . - - -- -- - 

Data c o l l e c t i o n  o n l y  
- Type A processing - Type B processing - Type C processing 

Base ra tes  f o r  PTTs t r ansm i t t i ng  every day 

Determined f o l  1  owing exami na t i on  o f  each 
p a r t i c u l a r  case I I 

r e f e r  t o  note(s)  
(opposite) 

1 - 

2 and 7 

Base ra te  zppl i c a b i  1  i t y  

1 Locat ion and data 

3, 4  and 8 
3, 5, 8  and 9 
3, 6, 8  and 9 

!eerating_tlme - i n  PTT - Years : - i n  PTT - days : 

'TARIFFS ( i n  FF) 

Locat ion on1 y  

I . ~ ~ ~ 

c o l l e c t i o n  . 
- Type A processins 
- ~ y p e  B processing 
- Type C processing 

More than 20 
More than 7301 

70 

1 t o  10 
1 t o  3650 

90 

x  d e t e n i  ned f o l l  owing exami na t i on  o f  each 
p a r t i c u l a r  case 

I I I 

1 

11 t o  20 
3651 t o  7300 

80 

7 0 
78 
70 + x 

Special  t a r i f f s  f o r  i n t e r m i t t e n t  use o f  the sys tern. 

- f o r  i n t e r m i t t e n t  use programmed by the  user, t a r i f f s  are : 
. Days du r i ng  which PTTs t ransmi t  : 100% o f  base r a t e  
. Days dur ing  which PTTs do not  t ransmi t  : 10% o f  base r a te .  

2, 4  and 7 
2, 5, 7. and 9 
2, 6, 7  and 9 

Example : Locat ion-only  type PTT(s) t ransmi t t i ng  once every th ree  days f o r  one r i i - yea r .  
Cost= base r a t e  (FF 90) + 2 ~ 1 0 %  o f  base r a t e  = FF 90 + 18 = FF 108 per day on 
which l o c a t i o n  ca lcu la t ions  are- performed 

I1 - DISTRIBUTION OF RESULTS 

Note : The t a r i f f s  i nd i ca ted  inc lude postage a t  the appropr ia te  r a t e .  Consequently, any - 
s i g n i f i c a n t  increase i n  posta l  r a t es  w i l l  have a d i r e c t  e f f e c t  on the  p r i ces  
charged f o r  t he  d i s t r i b u t i o n  o f  r esu l t s .  

C 

Automatic consul t a t i o n  and 
d i s t r i b u t i o n  o f  f i l e s  over 
dedicated 1 i nes 

Computer-control l e d  d i s t r i -  
b u t i o n  o f  t e l e x  messages 

Computer p r i n t - o u t  
- f i r s t  50 pages : 
- every 50 pages t h e r e a f t e r  

Magnetic tapes, 1 s t  expe- 
r iment  (1600 bpi ,  9  t r acks  
EBCDIC) 

Kagne t i ,~  tapes, a d d i t i o n a l  
experinlents(1600 bp i ,  9 
t r acks ,  EBCDIC1 - - 
Micro f i ches  

FRANCE 

1 

+ 

60 
40 

2 50 

350 

EUROPEAN POSTAL 
UNION 

1 

1 + x 

70 
60 ' 

250 

350 

OTHER 
ZONES 

1 

+ 

80 
70 

300 

' 

400 

NOTES 

Per PPT and per day (see 
a1 so N .B. 1. opposite) - 
x  can on l y  be determined 
a f t e r  users have i d e n t i e d  
t he  des t i na t i on  and t rans-  
miss ion schedule 

U n i t  p r i c e  exc l  uding 
customs duty.  
Ma i l i ngs  may be : 
Fo r t n i gh t l y  o r  monthly 

N.B.2 

Under study 



- + 

The t a r i f f s  i nd i ca ted ,  i n  French Francs and e x c l u s i v e  o f  taxes,  
w i l l  be a p p l i c a b l e  u n t i l  January 1, 1980. . 

CONPITIONS OF BASE RATE APPLICABILITY 

1) A  PTT y e a r  corresponds t o  365 days o f  o p e r a t i o n . f o r  a PTT . l i n k e d  t o  32 b i t s  o f  
data.  For  more than  32 b i t s  o f  data  per  PTT, see n o t e  9  below. I 

$ 2) The t a r i f f  i n d i c a t e d  i s  o n l y  v a l i d  f o r  up t o  6  l o c a t i o n  d e t e r m i n a t i o n  c a l c u l a t i o n s  
p e r  24 hour  pe r iod .  For  more f requen t  c a l c u l a t i o n s ,  se'e n o t e  7. 

3) The t a r i f f  i n d i c a t e d  a p p l i e s  t o  t h e  supp ly  o f  d a t a  a c q u i r e d  d u r i n g  a  maximum of 
10 s a t e l l i t e  passes. For  more f requen t  data a c q u i s i t i o n ,  see n o t e  8  below. 

I 4) The r e s u l t s  s u p p l i e d  a r e  n o t  processed, i n  any way excep t  f o r  t h e  decod ing o f  
data  i n  decimal,  hexadecimal, o c t a l  o r  BCD fo rm ( t y p e  A p rocess ing )  . 

5) The r e s u l t s  supp l i ed  a r e  conver ted i n t o  eng inee r ing  u n i t s  u s i n g  c a l  i b r a  t i  on cu rves  
s u p p l i e d  by  t h e  use r  f o r  each sensor. Each curve i s  d e f i n e d  once and f o r  a l l  b y  
a  maximum o f  20 p o i n t s  ( t y p e  B process ing) .  

6 )  Any process ing o t h e r  t h a n  t h a t  de f i ned  under note  4  o r  5  ( t y p e  C p rocess ing ) .  

7) Supplement f o r  t h e  c a l c u l a t i o n  o f  more than 6  l o c a t i o n s  p e r  day : 
7  t o  10 i n c l u s i v e  : FF 1 2 1  t o  25 i n c l u s i v e  : FF 20 
11 t o  15 i n c l u s i v e  : FF 3  26 o r  more : FF 25 
16 t o  20 i n c l u s i v e  : FF 10 

8 )  Supplement f o r  data  a c q u i s i t i o n  d u r i n g  more than  10 s a t e l l i t e s  passes p e r  day : ! 
I 

11 t o  15 i n c l u s i v e  : FF 0.50 2 1  t o  .25 i n c l u s i v e  : FF 4  I 

16 t o  20 i n c l u s i v e  : FF 2  26 o r  more . : FF 6  
I 

9) Fo r  p l a t f o r m s  equipped w i t h  sensors us ing  more t h a n  32 b i t s  o f  data ,  an a d d i t i o n n a l  
charge of FF 0,60 w i l l  be  made p e r  a d d i t i o n n a l  32 b i t s  o f  d a t a  ( n o t  a p p l i c a b l e  t o  
n o t e  4 above). 

N.B.l - Resu l t s  a r e  s t o r e d  as and when they  e n t e r  a  memory t h a t  can be accessed d i rec t1 .y  
by  users .  The u s e r  can i n t e r r o g a t e  t h e  c m p u t e r  memory by  te lephone  o r  t e l e x  o r ,  
t h e  computer can i n t e r r o g a t e  the  memory and send t h e  r e s u l t s  t o  t h e  user  o v e r  
t h e  Global  Telecommunications System (GTS) o r  over  a  ded ica ted  l i n k .  

. . 
N.B.2 - Any r e s u l t  o r  s e t  o f  r e s u l t s  f o r  which an o r d e r  i s  n o t  r e c e i v e d  d u r i n g  t h e  

t h r e e  months f o l l o w i n g  t h e  da te  o f  a c q u i s i t i o n  must be cons ide red  as l o s t .  

111 - MISCELLANEOUS 

I n  t h e  case o f  major  programs ( i  .e. those t o t a l 1  i n g  more than  20 p l a t f o r m - y e a r s  o r  
7300 p la t fo rm-days ) ,  S e r v i c e  ARGOS i s  prepared t o  s t u d y  w i t h  t h e  u s e r  t h e  p o s s i b i l i t y  
o f  drawing-up an o v e r a l l  c o n t r a c t  aimed a t  c o s t  o p t i m i z a t i o n .  

Such s o l u t i o n s  as the i n s t a l l a t i o n  o f  ded icated l i n e s  o r  p o s s i b l y  t h e  i n s t a l l a t i o n  
of  t e r m i n a l s  may be env isaged w i t h  payments t o  cove r  r e n t a l ,  l e a s i n g  o r  o u t r i g h t  
purchase. 



I V  - CONDITIONS OF SALE 
. . . .. 

-,,. 
1)  Unless o t h e r  arrangements a r e  agreed t o  by  Serv i ce  ARGOS, p l a t f o r m  l o c a t i o n  and/or 

d a t a  c o l l e c t i o n  s h a l l  be cons idered as : 

- b i l l a b l e  so  l o n g  as S e r v i c e  ARGOS cont inues t o  r e c e i v e  messages t r a n s m i t t e d  by 
one o f  t h e  u s e r ' s  PTTs ; 

1 - terminated,  f o r  a  g i v e n  PTT, when no messages have been r e c e i v e d  f o r  30 conse- 
c u t i v e  days. I n  t h i s  event,  t h e  cor responding PTT f i l e  w i l l  be c losed .  

%> * 

2) When p l a c i n g  an o rde r ,  and b e f o r e  t h e  use r  can be a1 lowed t o  use t h e  system, a  
d e p o s i t  must be p a i a .  The amount o f  t he  d e p o s i t  w i  11 be : 

- :. - "FF 3000 i f  p l a t f o r m  1  o c a t i o n  i s  i nvo l ved ,  
- FF 1000 i f  o n l y  da ta  c o l l e c t i o n  i s  i n v o l v e d .  

'This d e p o s i t  w i l l  be re funded when t h e  exper iment  has been d e c l a r e d  terminated,  -- except  i n  t h e  case o f  (a )  exper iments i n v o l v i n g  p l a t f o r m  l o c a t i o n  1  a s t i n g  l e s s  
than  1 month and (b )  exper iments i n v o l v i n g  o n l y  da ta  c o l l e c t i n  l a s t i n g  l e s s  t h a n  

' 3  months. 

- 3) I n v o i c e s  w i l l  be made o u t  q u a r t e r l y  by CNES and w i l l  cove r  a1 1  s e r v i c e s  rendered 
d u r i n g  t h e  cor responding pe r iod .  A l l  i n v o i c e s  s h a l l  be payab le  two months f r o 3  t h e  
the  d a t e  o f  i n v o i c e .  Payments shauld be i n  f a v o r  o f  t h e  "Agent Comptable du CNES", 
a /c  n03.72.90.03.4., S o c i e t e  GPnPrale de Toulouse, and addressed t o  : -.. . ( -...- _ 

CNES 
18, avenue Edouard B e l i n  

- 31055 TOULOUSE CEDEX 
FRANCE 

4) Whatever the  c o n d i t i o n s  o f  sa le ,  mode o f  d i s t r i b u t i o n  o r  d e l i  very, i tems s u p p l i e d  
by us a r e  forwarded a t  t h e  r e c e i v e r ' s  r i s k .  I n  a l l  cases o f  damage c r  l o s s c s  no ted  
'upon r e c e p t i o n ,  i t  i s  t h e  r e c e i v e r ' s  r e s p o n s a b i l i t y  t o  make a l l  necessary r e s e r -  
v a t i o n s  and c l a i m s  h i m s e l f .  (A d r a f t  l e t t e r  can be p r o v i d e d  a t  t h e  reques t  o f  t h e  
u s e r ) .  



APPENDIX B-5 

PTT MANUFACTURERS' INFORMATION 
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T H E  T IROSIARGOS LOW E A R T H  O R B I T I N G  D A T A  COLLECTION SYSTEM 

The T IROS/ARGOS satellite presents the scientif ic user w i t h  the capability for  l o w  cost remote measurements. The  ARGOS 
remote access measurement system aids meteorologists i n  mapping atmospheric pressure, temperature, w ind  directions and 
velocities; also, oceanographers i n  the  data gathering o f  atmospheric pressure, w i n d  speed, ocean currents, water temperatures 
and thermal  profiles. Since an outstanding feature o f  the TIROSIARGOS system is posit ion locat ion o f  p la t form transmitters, 
da i ly  t rack ing of icebergs, glaciers and large animals can also be accomplished. 

As the  satell ite passes a measurement p la t form,  the transmitter carrier frequency is measured, t ime  recorded, and sensor data 
demodulated. The  in format ion f r o m  each transmission is formatted and stored f o r  readout a t  the end o f  each orbit .  After 
satell ite data readout, processing is per formed at  CNES i n  Toulouse, France, t o  compute p la t fo rm position, velocity, and t o  
recover sensor data. The processed data are then distr ibuted t o  the various experimenters through t h e  mai l  and other  
recorded media. 

The  A R G O S  system can be used f o r  any program concerned w i t h  environmental data collection. Appl icants should request 
a copy  o f  the document ent i t led "Access t o  the  ARGOS System" f r o m  Service ARGOS i n  Toulouse, France. Handar 
furnishes a registration certif icate w i t h  each 6 2 1 A  PTT. This certif icate contains the in fo rmat ion  ver i fy ing t h e  performance 
o f  t h e  p la t fo rm i n  conformance w i t h  A R G O S  requirements. The  user must complete the  cert i f icate a n d  forward a copy  t o  
Service ARGOS as required for  admission t o  the system. 

Detai led in format ion concerning t h e  ARGOS System should be obtained f rom:  

Service ARGOS 
Centre National D'Etudes Spatiales 
18, Avenue E. Belin, 31055 Toulouse. Cedex 
France 
Tel: (61)  53-1112 
Telex: 531081 F 

T H E  H A N D A R  T IROSIARGOS D A T A  C O L L E C T I O N  SYSTEMS 

PRECISION TRANSMITTER 1 F H ~  
DC POWER 

CONTROL, TIMING 

INPUT ------ 

INPUTS ------ 
E CHANNEL A M  1 

OR SlG COND. 

I 

621  A System Configuration 

T H E  6 2 1 A  ( D I G I T A L  I N P U T  O N L Y )  

Fundamental t o  a successful measurement program is an 
economical transmitter and encoder capable o f  meeting 
the  T I  ROSIARGOS specifications. The  Handar 6 2 0  series 
product  l ine is a state-of-the-art so lut ion providing a stable 
oscillator, transmitter, phase modulator,  and several data 
encoder options. The  stable oscil lator employs a funda- 
mental mode crystal a t  10.04125 MHz. The  mul t ip l ier  
ou tpu t  drives a h igh eff ic iency power ampli f ier w i t h  high 
i m m u n i t y  t o  antenna load mismatch. The  d i f ferent  t i m i n g  
and encoder c i rcu i t ry  combinat ions a l low t h e  user a serial 
digital, analog, o r  combinat ions o f  both w i t h  u p  t o  256  b i ts  
data capabity. A l l  data encoding, t iming, and analog t o  
digital converter circuits use hermet ic  ceramic seal CMOS 
integrated circuits, min imiz ing power consumpt ion whi le  
having good reliabil ity. 

The  Handar 6 2 1 A  Data Col lect ion Platform can accept 
f r o m  3 2  t o  2 5 6  bits o f  serial digi tal  data. The  digital 
interface is user programmable f r o m  1 t o  8 frames, 
w i t h  each frame containing 3 2  data bits. The  digital 
data encoder accepts serial N R Z  data after the  ARGOS 
preamble has been transmitted through a simple 3 wire 
interface bus. 

When data transfer is required b y  the  8 2 1 A  encoder, 
the  "load data" l i n e a ( n o r m a l l y  high) is pul led l o w  and 
a gated 4 0 0  H z  c l o c k a i s  supplied t o  t h e  sensor elec- 
tronics shif t ing the  N R Z  d a t a m o  the  encoder interface. 
The  interface contains o w n  p u l l  u p  terminations; thus, 
pos i t ion on ly  p la t forms are conf igured b y  s imply  leaving 
the digi tal  interface- unterminated. 

'THE 6 2 0 A  (FGGE SYSTEM) 

SENSOR LOAD 
-1 

- @ 6 2 l A  
DATA 

CLOCK - a @ 

NRZ DATA I --lo ENCODER DIGITAL I 
621 A Digital Interface 

For  customers requir ing a system w i t h  sensor interfaces t o  pressure, 2 temperature chanriels and  a bat tery  voltage moni tor ,  
Handar can provide the model  620A.  Original ly intended for  the  f i rst  global G.A.R.P. experiment (FGGE), the  6 2 0 A  
provides a programmable t i m e  interval counter  interface t o  the  paroscientif ic 230A pressure transducer. Wi th  a programmable 
pressure interface, the  user m a y  select any range and span w i th in  the capabi l i ty o f  t h e  basic paroscient i f ic transducer 
(eg. 950-1050 M B  o r  825-1 1 2 5  MB, etc.). The  resolution o f  the pressure interface is 1 0  bits; thus, i f  a span o f  100 MB i s  
programmed, a 0.1 M B  resolut ion may  be obtained. The  t w o  temperature channels interface the YSI  4 4 2 0 2  thermil inear 
network. A precision balanced bridge ampli f ier is used as the temperature interface. Th is  provides c o m m o n  mode reject ion 
of noise, reference aging and supply variations, r e d u c i ~ ~ h ~ 4 e m p e r a t u r e  accuracy t o  the  basic YSI network.  



620A System Configuration 

P I R O S  
-- INTLRF 

T E M P 1  
INTERF. 

TEMP2 
INTER$ 

PERFORMANCE OPTIONS 

Oscillators (Option 001) 

The standard 621A oscillator i s  a TCXO intended for 
-5Oc to +50°c environmental operation, with a maxi- 
mum thermal change of 0.1°c/20 min. A high stability 
temperature stabilized oscillator (Option 001) i s  
available for operation where the environment is below 
- 5 ' ~  or the TCXO thermal stability measurements 
cannot be maintained. Option 001 will maintain the 
required TIROS/ARGOS stability from - 5 0 ' ~  to +40°c 
and can tolerate a thermal change of 10'~/20 min. 
The oven set temperature can be specified by the user 
as a means of conserving power and should be > 5 " ~  
above the maximum expected operating ambient. 

Option 001 Temperature Stabilized Oscillator 

F . 4  XMTR I-- 

Analog to  Digital Converter (Option 002) 

- 

ADE - 

- 

SENSORS 

I f  analog inputs are required to the data collection system, an analog to digital converter option i s  available. The ADC 
assembly can be user programmed to accommodate from 1 to 8 analog inputs. When less than 8 analog channels are used 
the 621A system may be configured to accept serial digital inputs as well as analog data. 

DIGITAL 
L 

TIMING 

BATTERY VOLTAGE 

Signal Conditioning Board (Option 003) 

A signal conditioning board i s  available to supply an interface to 2 YSI 4402s thermilinear networks, battery voltage and a 
2 pole drogue switch closure. Typical applications include drifting buoys measuring air temperature, water temperature, -- -- - - 

battery voltage and drogue attachment. The ADC option 002 must be ordered with Option 003. 

Packaging (Option 005) 

Two packaging options are available for the 621A. The standard package is an aluminum box RF enclosure, providing 
protection for the CMOS circuitry from handling and strong RF fields encountered in the immediate proximity to the 
antenna. All interface connections are made from one end of the enclosure providing a package easily configured into a 
user's system. Optional packaging consists of a spar buoy configuration intended to fit into a 4" PVC or fiberglass pipe. 

SYSTEM CONFIGURATION 

The 621A may be expanded to include multiple ADC 
and signal conditioning options. The options simply 
stack below the 621A timing and control board. If a 
complete system is specified at time of order, an 
integrated assembly with jumpers and interconnection 
cables will be supplied. When ordering ADC and signal 
conditioning options separately, the final configura- 
tion should be specified to ensure correct interconnection 
cables are included. 

Options 002 & 003 Analo lnre face and Signal Conditioning 
8 - d t ;  



- -- -- 

COMPLETE TEST SET COMPATIBILITY 
" ,. Both the 620A and the 621 A are designed for easy 

performance verification with the Handar 602A field 
test set. A comprehensive check of the entire system- 

--. bit synch, ID Code, preamble, data encoding and storage, 
and modulation index can be accomplished with each 
transmission. 

-. . 

-- --- 
\ 

- 

- 
602A Field Tesr Set 

- 
- 

621A TECHNICAL SPECIFICATIONS 

-.- 
FREQUENCY 401.65 MHz +3 x 

FREQUENCY STABILITY 
Short Term <I x IO-~/IOO ms (Allen Variance) 
Medium Term <1 x 10-~/20 min 
l o n g  Term <2 x 10-~/year 

-- 
TEMPERATURE PERFORMANCE 

Af/fo It1 x lo-G (-5Oc to +50°c) 
~f /f , ~t I x IO-~PC (slope) 

h- 

- .. POWER OUTPUT (female TNC) +33 dBm i0.5 dB (2W nom) (for use with antenna option 008) 
Output Impedance 5052 (3:1 VSWR max) 

- ." 
MODULATION 

TY pe Bll$ L 

-, - Deviation It63" 
Stability so 
svmmetrv (l$1+2)/(@1+@2) <4% 

-,- 

SPURIOUS PRODUCTS 
<20 kHz from carrier -50 d Bc 

*- >20 kHz from carrier -45 dBc 

-... 
HARMONIC PRODUCTS --4 5 d BC 

- B-46 



FORMAT 
Unmodulated Carrier 
Bit Synch 
Frame Synch 
Initialization 
No. Sensors 
Platform ID 

(DIP Switch Programmable) 
Sensor Data 

160 ms 
15 bits 
8 bits 
1 bit 
4 bits 
20 bits (1 4 bits +6 bits error correcting) 

N x 4 x 8 bits (1 < N < 8 Data Frames) 

DIGITAL DATA INPUT INTERFACE 3 wire 
Input Level 0-1 2.5V CMOS 

Logical 0 OV 
Logical 1 +12.5V (Battery supply voltage) 

Interface Connector 16 Pin DIP 

Data Transfer Lines 
. -. 

1. Load data line goes low during data transfer. 

2. 400 Hz gated clock is provided to shift data (N x 32 bits). 

3. Serial Digital data i s  transferred to  621A and Manchester encoded. (Data should be shifted MSB first). 
-The 621A may be programmed to accept data in 32 bit increments from 32 bits to 256 bits. The load data line 

interval and gated clock duration are always coincident with the data density selected. 

Transmit Interval 

Accelerated Test Position 

40 sec. to 200 sec. (DIP switch programmable in 5 sec. 
increments) 
4.9 sec. (intended for laboratory testing only, should not be 
used while antenna i s  connected) 

ADDITIONAL TIMING AND REFERENCE SIGNALS 
-Begin Data Collection 
-1 2.8 kHz clock 
-400 Hz clock 
- -10 VDC i luir pA max) Available with option 002 
-1.22V ADC Reference 

DC POWER INPUT 
Voltage 
Current 

Quiescent 
Peak 
Average 

ENVl RONMENTAL 
Operating 
Temperature Profile 
Storage 

- * 
HUMIDITY 

* .7 

MECHANICAL 
Size 

-m 

Weight 

+11 V to +14.5 VDC 

<1.5 mA 
<500 mA 
<4.5 mA (4 channels) Option 001 if used 
<5,2 mA (8 channels) (Transmission interval 60 sec. 32 data 
bits) 

- 5 " ~  to +50°c 
0.1 O~ /20  min 
-65O~ to +70°c 

R F Enclosure Standard 
2.9" H x 5.5" W x 13.3" D 
(7.37 cm x 13.9 cm x 33.78 cm) 
1.75 tbs. (0.8 kg) 



SHIPPING 
Size 

Weight 

PRICE 

5 " x  7 " x  15" 
(12.70 cm x 17.78 c m  x 38.1 cm) 
3 Ibs. (1.37 kg) 

$1,495.00 FOB Santa Clara, CA 

PERFORMANCE OPTIONS 

Temperature Stabilized High Stability Oscillator (Option 001) 

FREQUENCY STABILITY 
Short Term 
Medium Term 
Long Term 

TEMPERATURE PERFORMANCE 
AfOIAt  

<I x 1 0 - ~ / 1 0 0  ms (Allen Variance) 
<I x 10-~120 m in  
C! x 1041year 

1 x 1 O -~PC (-55°C t o  5' o f  oven set point) 

THERMAL RESISTANCE >250"CANatt 
Additional power consumption can be computed by: 
Poven = ~ t l ( 2 5 0 ~ ~ 1 ~ a t t )  
Where A T  = oven temp OC - ambient tempaoC 

' 

Example: Environment changes - 5 5 ' ~  t o  +5OC 
1. Oven set temp = 15OC 
2. Poven = 15OC - ( + 5 5 ° ~ ) / 2 5 0 0 ~ / W a t t  = 0.28 Watt 
3. loven (-55Oc) = PIEin = 0.2811 2.5V = 22.4 m A  

The oven set temperature should be selected 5OC t o  1 0 ' ~  above maximum ambient, and defined at t ime of order. 

PRICE (Option 001) $300.00 

ANALOG INTERFACE (Opt ion 002) 
No. Channels (User selected) 
lnput  Connection (1  6)  

l nput Level 
lnput  Impedance 
A DC 

Resolution 
Accuracy 
Temperature Coefficient 

TRANSMIT I N T E R V A L  

Accelerated Test Position 

PRICE (Option 002) 

4 or  8 
1 6  Pin DIP 
Wi th  separate analog ground 
0-5 VDC 
100Kl2 
Successive Approximation 
8 bits 
0.4% 
0.02%PC 

- 
4 0  t o  200 sec. 
(DIP switch programmable i n  5 sec. increments) 
4.9 sec.' 



SIGNAL CONDITIONING BOARD (Option 003) 
Temperature Measurement 
Range 
Sensor Type 
Accuracy 
Resolution 
Battery Voltage 

Resolution 
Drogue Sensor 

(2 channels supplied) 
- 2 0 ' ~  to +50°c 
YSI Thermilinear network (2 each supplied) 
~ 0 . 5 " ~  
0.4% F.S. (8 bits) 
0- 1 5V 
60 mV 
2 switch closures (2  bits) 

PRICE (Option 003) $225.00 

LONG CHASSIS (SPAR BUOY CONFIGURSTION) (Option 005) 
Length a 4 . 0  in (60.96 cm) 
Diameter (Equivalent) Fits inside 4" dia. pipe 

PRICE (Option 005) N/C 

GUARANTEED COLD TEMPERATURE PERFORMANCE TO -55O~ (Option 007) 
Additional testing and cold soak test at -55O~ are performed on each unit to  ensure operation at cold temperatures. 

Note: Option 002 must be ordered with 001. 

PRlCE (Option 007) 

ANTENNA (Option 008) 
TY ~e 
Polarization 
Gain 
VSW R 

SIZE 
Diameter 
Length 
Flange 

RF Connector 

PRlCE (Option 008) 

COAX CABLE (Option 009) 
Length 
Connectors 
Cable 

PRlCE (Option 009) 

INTERFACE CABLE (Option 010) 
Length 
Connectors 
Cable 

PRlCE (Option 010) 

1 /4X Quadrafiler Helix 
Right Hand Circular 
+3 dB @ Zenith 
<1.5:1 

3.0" (7.62 cm) 
15.0" (38.10 cm) 
4.25" dia. 6 holes on 3.625 center 
0.25" mating hole diameter 
TNC 

$30.00 + $1 each additional 30 cm 

* 

1' (30 cm) 
16 Pin DIP (2) 
16 Cond. 28 guage 



FORMAT 
Sensor Data 

Channel 1 
Channel 2 
Channel 3 
Channel 4 

620A TECHNICAL SPECIFICATIONS 

SENSOR SIGNAL CONDITIONING 
Inputs 
Pressure 

Sensor Type 

Averaging Time 
Resolution 
Range 

Pressure transmitted two consecutive times 

Temperature (Digitized during Transmission) 
Sensor Type 

Accuracy 
Resolution 

Battery Voltage (Digitized during transmission) 
Resolution 

DC Power Input 
Voltage 
Current 

Quiescent (620) 
Sign. Cond. Avg. 
Peak 
Average 

Mechan~cal 
Size 

Weight 

4 channels (32 bits) 
Pressbre 10 bits 
Battery Voltage 6 bits 
Temperature 1 8 bits 
Temperature 2 8 bits 

RF Feedthrus (1 1) 
Programmable period averaging counter 
Paroscientific 230A-002 
Barometer not included 
80 sec. nominal 
10 bits 
Pressure range programmable 

YSI Thermilinear Network 
(2 each supplied with 620A) 
f 0 . 5 ' ~  
8 bits 

<1.5 mA 
<4.0 mA 
<500 mA 
<8.5 mA (60 second transmission interval) 
RF Enclosure Only 
2.9" H x 5.3" W x 14.8" D 
(7.37 cm x 13.97 cm x 37.59 cm) 
1.9 Ibs. (0.86 kg) 

PRICE 620A $2,1 OQOO 

FOR PRICE AND AVAI  LAB1 LITY INFORMATION 

Handar 
Marketing Department 
3327 Kifer Road 
Santa Clara, CA 95051 

WARRANTY 

Al l  Handar Products are warranted against defects in  materials and workmanship for one year. Handar will repair or, at i t s  
option, replace products which prove t o  be defective during the warranty period, provided they are returned t o  Handar. 
NO OTHER WARRANTIES ARE EXPRESSED OR IMPLIED. HANDAR IS NOT LIABLE FOR CONSEQUENTIAL 
DAMAGES. 

Prices and specifications are subject t o  change without notice. 



A D A P  IARGOS D A T A  ACQUlS lT lO ATFORM) G 

A PORTABLE SELF-CONTAINED LAND-BASED 

ARGOS DATA ACQUISITION SYSTEM 

WHICH OPERATES ON AC. BATTERY. OR SOLAR POWER 

PROVIDES COMPUTER DATA READOUT AND FUNCTIONAL TEST 

OF ALL ARGOS DATA TELEMETRY SYSTEMS 

POLAR RESEARCH LAB 
123 SANTA BARBARA ST 

SANTA BARBARA, CA 93101 

U. S. A. 

TEL: 805-963-1929 

PRL MANUFACTURES A VARIETY 

OF DATA ACQUISITION PLATFORMS 

COMPATIBLE WlTH THE NIMBUS 6 / RAMS 

AND TlROS / ARGOS SATELLITE 

TELEMETRY SYSTEMS. THE PLATFORMS 

PROVIDE REMOTE DATA COLLECTION CAPABILITIES 

ON LAND. THE OPEN OCEAN. LAKES, 

AND ICE COVERED BODIES OF WATER. 
- .  

PLATFORMS CAN BE PROVIDED WlTH A 
DATA BUOY FOR UNDER-WATER MEASUREMENTS 

AIR DEPLOYMENT OF DRIFTING DATA BUOY 

VARIETY OF SENSORS SUCH AS BAROMETERS, I N  ICE-COVERED BODIES OF WATER 

AIR AND WATER TEMPERATURE SENSORS. 
-SHOWN IN AIR DROP CONFIGURATION 

-. WIND SENSORS, CURRENT METERS. 

CURRENT DROGUES. 

THERMISTOR STRINGS. 

WATER LEVEL SENSORS. 

RAIN GAUGES. 

AND SNOW LEVEL 

S f  NSORS 

11 . . , --. .- . . -- :-.&&-- 
.-.:-a- 

OPEN WATER DRIFTING OR TETHERED DATA BUOY 

FOR CURRENT MONITORING OR THERMAL PROFILING 

CUBA ICALL-UP BUOY --ACOUSTIC] 

A BOTTOM-RESTING UNIT WHICH SERVES AS AN UNDER-WATER MARKER. 

A SURFACE BUOY I S  RELEASED ACOUSTICAUY 

AND PROVIDES AN RF SIGNAL FOR LOCATlOk 



A D  A-P 
ARGOS Data Acquis i t ion  Pla t form 

The ADAP is a  p o r t a b l e  s e l f  contained d a t a  a c q u i s i t i o n  system which 

t r a n s m i t s  d a t a  t o  t h e  TIROS/NOAA s e r i e s  s a t e l l i t e s .  These s a t e l l i t e s  

c o n t a i n  t h e  ARGOS system which i s  a  randon access  measurement system 

capable  of handl ing  up t o  16,000 remote p la t forms.  

I n  ope ra t ion  ADAP samples i t s  senso r s  (up t o  32) ,  s t o r e s  the  d a t a  

and t r a n s m i t s  t h e  d a t a  every one t o  t h r e e  minutes  depending on t h e  t ransmi t  

r a t e  ass igned.  When t h e  s a t e l l i t e s  o r b i t  p l a c e s  i t  i n  view of t h e  p la t form 

t h e  t r ansmiss ions  a r e  r ece ived  by t h e  s a t e l l i t e  and t h e  d a t a  i s  s t o r e d .  

Even tua l ly  t h e  s a t e l l i t e s  o r b i t  t akes  i t  over  one of t h e  t h r e e  ground 

r e c e i v i n g  s t a t i o n s  a t  which time t h e  d a t a  c o l l e c t e d  from the  remote p l a t -  

form i s  dumped and d isseminated  t o  t h e  use r s .  

The number of s a t e l l i t e  pas ses  over  a  s i n g l e  p la t form ranges from an 

average  of  seven a  day a t  t h e  equa to r  t o  28 pe r  day a t  t h e  poles .  The 

coverage pass  d u r a t i o n  is  10  minutes.  Assuming a  p la t form t r ansmi t s  256 

b i t s  each two minutes ,  then up t o  1280 b i t s  of d a t a  p e r  pass  can be 

- r ece ived .  ADAP measures 4 1 x 4 1 ~ 4 1  cen t ime te r s  and weighs 19.2 kilograms 

i n c l u d i n g  t h e  antenna and A.C. power supply .  It  i s  packaged i n  a  rugged 

waterproof polye the lene  c a s e  which doubles  as t h e  sh ipping  con ta ine r  s i n c e  - 

* 

t h e  an tenna  and mount can be  s t o r e d  i n s i d e .  

Sensor  i n t e r f a c e s  a r e  a v a i l a b l e  f o r  s e r i a l  d i g i t a l ,  16  o r  32 channel -. 
analog  (0  t o  5  v o l t  l e v e l )  a s  w e l l  as custom i n t e r f a c e  f o r  s p e c i a l i z e d  needs. 

Power supply  op t ions  i n c l u d e  AC o p e r a t i o n  wi th  b a t t e r y  back-up ( 5 , d a y s ) ,  

t o t a l  b a t t e r y  o p e r a t i o n  (primary c e l l s )  o r  r echa rgeab le  b a t t e r i e s  wi th  

s o l a r  charger .  

Some of t h e  many a p p l i c a t i o n s  i n c l u d e  r a i n  and snowfal l  l e v e l s ,  water  

l e v e l s  and thermal  p r o f i l e s  i n  l a k e s  and r i v e r s ,  p o l l u t i o n  monitoring,  and 

moni tor ing  of e a r t h  f a u l t  movements. 

For more informat ion  and quotes  on p r i c e  and d e l i v e r y ,  con tac t :  

Walter  P. Brown, Vice P r e s i d e n t  
P o l a r  Research Labora tory ,  Inc .  
123 Santa  Barbara S t r e e t  
Santa  Barbara,  CA 93101 U.S.A. 
Telephone - (805) 963-1929 
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T I R O S  D r i f t i n g  Buoys 

1. I n t r o d u c t i o n  

-- The TIROS open ocean d r i f t i n g  buoys b u i l t  by P o l a r  Research 

Labora to ry  a r e  des igned  t o  c o l l e c t  me teo ro log ica l  and oceanographic  

- d a t a .  These buoys work wi th  t h e  ARGOS systems c a r r i e d  aboard t h e  

TIROS-N and NOAA-A s a t e l l i t e s .  A v e r s i o n  of t h e  buoy des igned  t o  

g a t h e r  b a r o m e t r i c  p r e s s u r e  and s e a  s u r f a c e  temperature  is  c a l l e d  - 
t h e  TIROS Meteo ro log ica l  D r i f t i n g  (T'MD) buoy (F igure  1 .1 ) .  A second 

v e r s i o n  used t o  t r a c k  ocean s u r f a c e  c u r r e n t s  c a l l e d  t h e  TIROS Oceano- 

g r a p h i c  D r i f t i n g  (TOD) buoy c a r r i e s  a  window shade drogue suspended 

below t h e  buoy by a  t e t h e r  l i n e  which i s  u s u a l l y  a t t a c h e d  t o  a  drogue 

- s e n s o r .  This  s enso r  s e r v e s  t o  a l e r t  t h e  u s e r  i f  t h e  drogue is  l o s t .  

I n  a d d i t i o n  t o  t h e  above s p e c i f i c  c o n f i g u r a t i o n s ,  buoys have 
- been b u i l t  w i t h  many types  of s e n s o r s  depending on t h e  a p p l i c a t i o n s .  

Combinations of  s e n s o r s  used on t h e  TMD and TOD buoys can be used. 

- Buoys have a l s o  been configured wi th  o t h e r  s e n s o r s  i n c l u d i n g  

anemometers, 1000 f o o t  long  t h e r m i s t o r  s t r i n g s  and a i r  t empera ture  

s e n s o r s .  

Buoys b o t h  w i th  and wi thou t  drogue can be a i r  dropped and have 

been  c e r t i f i e d  by t h e  U.S. A i r  Force and U.S. Coast Guard f o r  deploy- 

ment from C130 and C141 a i r c r a f t .  Drop a l t i t u d e s  covered ranges  from 

300 t o  20,000 f e e t .  

Both TMD and TOD buoys a r e  be ing  used o p e r a t i o n a l l y  and have 

been  b o t h  s h i p  and a i r  deployed. F i f t y  e i g h t  of t h e  TMD buoys have 

been deployed i n  t h e  sou the rn  ocean a s  p a r t  of t h e  U.S. c o n t r i b u t i o n  

t o  FGGE. Fo r ty  of t h e s e  were s h i p  deployed and 1 8  were a i r  deployed. 

The l a t t e r  was a  r e s e e d i n g  e f f o r t  i n  which f a i l e d  buoys from v a r i o u s  

c o u n t r i e s  were r e p l a c e d  by a i r  d rops  o u t  of A u s t r a l i a ,  N e w  Zealand 

and Argent ina.  S e v e r a l  programs u s i n g  a i r  deployed TOD buoys have 

been c a r r i e d  ou t  i n  t h e  A t l a n t i c .  

PRL has  been manufactur ing COSRAMS buoys f o r  ove r  t h r e e  y e a r s  

f o r  u se  w i th  t h e  NIMBUS-6 s a t e l l i t e  RAMS system. 

The TMD i s  a lmos t  i d e n t i c a l  t o  t h e  COSRAMS buoy e x c e p t  f o r  t h e  

e l e c t r o n i c s  which have been redes igned  f o r  t h e  TIROS/ARGOS system. 



- -  F i g u r e  1-1 TYD Buoy f 

- - Electronics Package 

BEST AVAltABLE 

e t e r  Port 

Antenna 
Rousing 

'lagnet 
Electronics not shorn) 

sca le :  1/10 } ' ' ' ~ ' l ~ i ' ~ ~ ' " ~ ~ ' ' ~ ' ' ~ ~ ~ " ~ ~  

copy B-54 



Over 180 of the COSRAMS buoys have been deployed in oceans all over 

the world. The reliability of the hull design has been demonstrated 

by buoys which wash ashore after up to three years in the water. 

The buoys were still in good condition and had been drifting in 

ice infested waters of the Davis Strait and the north Atlantic 

before being picked up on the beaches at the Faroe Islands and on 

the east coast of Scotland. 

- 2. Specifications 

2.1 Environmental 

-- 
Parameter Opera tion 

Buoy in Situ 

Water Temperature -OC -5 to +40 

Air Temperature -OC -40 to +50 

Atmospheric Pressure -MBAR 900 to 1050 

Wind Speed - Knots - 6 0 

Max Wave Height - Ft 40 

Surface Current 1 

Buoy on deck or in lab 

Sensors 6 Signal Conditioning 

0 * Air Temperature - C -5 to +35 

Transmitter, Oscillator, 

Digital Encoder 6 Regulator 

and Power Supply 
0 Air Temperature - C -20 to +40 - -8 

* Depends on range of temperature sensor 
-. - 2.2 Electrical 

Survival -- 

2.2.1 Antenna , 

- ,. Right hand circularly polarized 1/2 wave omnidirectional volute antenna 

GAIN - +5 dBIC overhead 
Impedance - 50 ohms nominal 
V W R  - 1.5:l max 
Bandwidth - 4 MHz min 
Axial Ratio - 4 dB max 



- * 
2 . 2 . 2  E l e c t r o n i c s  

Power Out - 1.5  w a t t s  minimum i n t o  50 ohms 

Transmit  envelope rise t ime - < 1  mi l l i s econd  

Transmit  Frequency - 401.65 MHz - + 1 .2  KHz 

Shor t  Term 

Frequency S t a b i l i t y  - - < 1 x lo-' i n  100 msec 

Medium Term 

Frequency S t a b i l i t y  - - < 4 Hz i n  20 minutes  w i th  
0 

.5  C t empera ture  change 

Phase Modulation - Nominally - +1.1 r a d i a n s  

Unmodulated C a r r i e r  - 160 msec - + 2.5 msec 

Dura t ion  

Transmission Dura t ion  - 360 msec + 5 msec - 
Transmit  R e p e t i t i o n  Rate  - 40 msec - + 4 msec 

50 msec + 5 msec - 
60 msec + 6 msec - 

Modulation B i t  Rate  - 400 Hz + 5 Hz - 
Harmonics and Spur ious  

Rad ia t i on  

With - +20 -Ydz of  unmodulated - - <40 dB 

C a r r i e r  

Outside - + 20 KHz of unmodulated - < - 4 5  - dB 

C a r r i e r  

P r o t e c t i o n  C i r c u i t  - Monitors  t r a n s m i t t e r  supply  v o l t a g e  and i f  i t  

s t a y s  on g r e a t e r  t han  1 second du r ing  normal t r ansmi t  c y c l e  

o r  .6  s e c  o u t s i d e  normal t r a n s m i t  c y c l e  t h e  t r ansmis s ion  w i l l  

b e  te rmina ted  and n o t  resumed f o r  15 t o  16 t r a n s m i t  c y c l e s  

Power Requirements - +12 t o  +20 v o l t s  D.C. a t  8 ma max cont inuous  

and 500 ma a t  du ty  c y c l e  of .006 

+3 v o l t s  D.C. a t  20 ma max a t  du ty  c y c l e  of .006 

Note du ty  c y c l e  based on 60 second r e p  r a t e  a t  40 s e c  r e p  

r a t e  du ty  c y c l e  i n c r e a s e s  t o  ,0088 



-,,- 

2 .2 .3  Senso r s  

Barometer 

Range - 900 t o  1050 m i l l i b a r s  

Reso lu t ion  - .15 m i l l i b a r s  

Accuracy - + 1 m i l l i b a r  min* - 
.6  m i l l i b a r  RSS 

B a t t e r y  Vol tage  

Range - 8.4 t o  1 8  v o l t s  

Reso lu t ion  - .15 v o l t s  

Accuracy - +.5 v o l t s  - 

Sea Su r f ace  and I n t e r n a l  Temperature 
0 ** Range - +35 t o  -5 C 

R e s o l u t i o n  - . 1 5 6 O ~  

Accuracy - - + 1°c min 

. ~ O C  RSS 

* These accuracy  f i g u r e s  could be exceeded a t  wind speeds above 6'0 knots  -- ** TMD range ,  o t h e r  r anges  a v a i l a b l e  

2.2.4 Mechanical - 
O v e r a l l  Length - 1 0  f e e t  

Maximum Diameter - 27 i n c h e s  

Spa r  Dia - 8 i n c h e s  

Deployed Weight - 210 pounds (with s i d e  and bottom t e t h e r )  

204 pounds (without  t e t h e r  p o i n t s )  

T o t a l  Buoyancy - 503 pounds 

Drogue S i z e  - 
Drogue Weight - 150 pounds i n  a i r  

100 pounds i n  water  

Drogue T e t h e r  - 1 / 2  i nch  diameter  8 p l y  p l a i t e d  nylon l i n e  

T e t h e r  Length - 100 meters -s tandard  

l e n g t h  s p e c i f i e d  by customer - o p t i o n a l  



3. System D e s c r i p t i o n  

The TMD i s  a  s m a l l  open ocean f r e e  d r i f t i n g  buoy designed t o  

a c q u i r e  b a r o m e t r i c  p r e s s u r e  d a t a ,  s e a  s u r f a c e  tempera ture  and mea- 

s u r e  i n t e r n a l  t empera tu re  and b a t t e r y  vo l t age .  The d a t a  i s  acqui red  

on a  p e r i o d i c  b a s i s  and t r a n s m i t t e d  on a  UHF RF l i n k  t o  t h e  ARGOS 

system aboard t h e  TIROS-N o r  NOAA-A p o l a r  o r b i t i n g  s a t e l l i t e s .  

A b lock  diagram of  t h e  e l e c t r o n i c  system is  shown i n  F igu re  3-1. 

I n  o p e r a t i o n  a l l  o f  t h e  s e n s o r s  a r e  sampled once every two t r a n s m i t  

c y c l e s  o r  nomina l ly  e v e r y  two minutes .  The ba rome t r i c  p r e s s u r e  

sample d u r a t i o n  i s  nominal ly  60 seconds and t h e  o t h e r  s e n s o r s  a r e  

sampled f o r  160 msecs. The s i g n a l  c o n d i t i o n i n g  u n i t  conve r t s  t h e  

f requency  o u t p u t  of t h e  PAROS barometer  t o  a  10-b i t  b ina ry  word 

u s i n g  over f low coun t ing  t echn iques .  The tempera ture  s e n s o r s  a r e  

cond i t i oned  t o  8 - b i t  b i n a r y  words and t h e  b a t t e r y  v o l t a g e  t o  a  

6 -b i t  b i n a r y  word u s i n g  v o l t a g e  t o  f requency c o n v e r t e r s  and p r e s e t  

coun te r s .  

The b i n a r y  d a t a  i s  s t o r e d  between samples i n  t h e  p r e s e t  coun te r s  

whose o u t p u t s  a r e  t i e d  t o  a  32-b i t  d a t a  s h i f t  r e g i s t e r .  The Data 

and Preamble Fo rma t t e r  sets up t h e  b i t  sync ,  frame sync ,  p l a t fo rm 

I . D . ,  e r r o r  code and s e n s o r  group number. These b i t s  a r e  i n t e g r a t e d  

w i t h  t h e  32 d a t a  b i t s  and s h i f t e d  ou t  a s  a  bi-phase modulated d a t a  

s t r eam a t  t h e  a p p r o p r i a t e  p o i n t  i n  t h e  t r a n s m i t t e d  message. The 

format  of t h e  message i s  shown i n  F igu re  3-2. The p l a t fo rm 1,D. 

and e r r o r  code can b e  e a s i l y  changed by a  p lug  a c c e s s i b l e  on t h e  

o u t s i d e  of t h e  e l e c t r o n i c s  package. 

The c o n t r o l l e r  and t i m e r  p rov ides  t h e  b a s i c  sequencing of  t h e  

d a t a  samples  and t r a n s m i t  c y c l e s .  The b a s i c  t iming  f o r  a l l  sequences 

i s  de r ived  from a c r y s t a l  o s c i l l a t o r  w i t h  a s t a b i l i t y  of 30 ppm over  

t h e  r e q u i r e d  t empera tu re  range.  Although t h i s  s t a b i l i t y  is n o t  

r e q u i r e d  f o r  t h e  t r a n s m i t  c y c l e  o r  t h e  d a t a  b i t  r a t e  i t  i s  neces sa ry  

t o  ma in t a in  b a r o m e t r i c  p r e s s u r e  accuracy  over  t h e  sample pe r iod  of 

60 seconds.  

The Data and Prean , le  Fo rma t t e r  p o i i d e s  t h e  3 s t a t e  phase modu- 

l a t i o n  s i g n a l s  t o  t h e  UHF t r a n s m i t t e r .  A t  t h e  beginning of t h e  
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t r ansmi t  c y c l e  t h e  0' phase s t a t e  i s  maintained f o r  160 msec followed 

by a  +60° s h i f t  a t  t h e  beginning of modulation and then s h i f t i n g  back 

and f o r t h  between p l u s  and minus 60' i n  response  t o  t h e  bi-phase da t a .  

The U H F  t r a n s m i t t e r  g e n e r a t e s  a  s t a b l e  401.65 megahertz s i g n a l  

a t  a  nominal power l e v e l  of 33 dBM. The t r a n s m i t t e r  i s  d r iven  by a  

tempera ture  compensated c r y s t a l  o s c i l l a t o r  (TCXO) which w i l l  maintain 

t h e  t r a n s m i t  f requency  w i t h i n  - +1.2 KHz over  t h e  r e q u i r e d  temperature 

range. The TCXO Box i s  thermal ly  i s o l a t e d  w i t h i n  t h e  buoy t o  maintain 

t h e  rate of change of f requency wi th  tempera ture  t o  l e s s  than  t h e  4.02 
0 

Hz per  20 minutes  w i th  a  .5  C temperature change. A s t a b l e  - +60° 

modulat ion i s  ob ta ined  w i t h  a  hybr id  coupled s t r i p  l i n e  phase modulation 

a t  t h e  ou tpu t  f requency.  

The t r a n s m i t t e r  d r i v e s  a  1 /2  wave q u a d r i f i l a r  h e l i x  type antenna 

wi th  a  hemisphe r i ca l  o m i  d i r e c t i o n a l  c i r c u l a r l y  p o l a r i z e d  p a t t e r n .  

The EIRP of t h e  an tenna  i s  a  maximum of +36 dBM and f i t s  t h e  envelope 

r e q u i r e d  f o r  t h e  ARGOS system. 

The CAF module a l s o  i n c l u d e s  a  p r o t e c t i o n  c i r c u i t  t o  prevent  a  

system ma l func t ion  which would cause  t h e  RF ou tpu t  t o  remain "on" f o r  

longer  than  t h e  one second a s  i n d i c a t e d  i n  t h e  ARGOS s p e c i f i c a t i o n .  

The p r o t e c t i o n  c i r c u i t  s e n s e s  t h e  v o l t a g e  a p p l i e d  t o  t h e  f i n a l  RF 

s t a g e  and i f  t h i s  remains a p p l i e d  f o r  over  one second t h e  v o l t a g e  is  

switched o f f  by a c t i v a t i n g  a normally c lo sed  r e e d  r e l a y .  The r e l a y  

is  l a t c h e d  open f o r  16  normal t r a n s m i t  p e r i o d s  b u t  c l o s e s  aga in  f o r  

t h e  nex t  normal  t r a n s m i t  pe r iod .  I f  t h e  RF remains on aga in  f o r  one 

second the  c y c l e s  r e p e a t .  T h i s  technique p reven t s  extended t r ans -  

miss ion  from l o c k i n g  up t h e  s a t e l l i t e  s i n c e  t r ansmis s ions  a r e  l i m i t e d  

t o  t he  normal l e n g t h  of  a p l a t fo rm wi th  32 senso r s .  I f  t he  problem 

c o r r e c t s  i t se l f  t h i s  technique  a l lows  t h e  buoy t o  o p e r a t e  normally.  

The power supply  c o n s i s t s  of a b a t t e r y  bank of 168 a l k a l i n e  c e l l s  

arranged i n  14  p a r a l l e l  groups of 12 series cells. The 14 p a r a l l e l  

groups a r e  d i v i d e d  i n t o  7 b a t t e r y  modules c a l l e d  pucks and each puck 

i s  i s o l a t e d  from t h e  power buss  by d iodes .  Another puck con ta in ing  

s i x  cells i s  used t o  pr vide b i a s  t o  t h e  r e g u l a t o r  switch. 



The b a t t e r i e s  f e e d  a  r e g u l a t o r  which maintains  a  c o n s t a n t  

v o l t a g e  on t h e  UHF t r a n s m i t t e r  during t h e  transmit  c y c l e .  The 

power supply i s  adequate t o  power t h e  TMD buoy f o r  a  per iod  o f  

12  months w i t h  a d d i t i o n a l  c a p a c i t y  o f  provide four  months s h e l f  

l i f e  a t  2 5 O ~ .  



-- POLAR RESEARCH LABORATORY, INCORPORATED 

-- 

TMD Buoy P r i c e s  

A u x i l i a r y  Equipment: 

112" T e t h e r  Drogue S e n s o r  
Q ~ Y  Drogue 1-3010 31 + m C I n t e r f a c e  B a t t e r y  Puck 

S12QtS1.50 $?25 
p e r  e a c h  add.  
meter above  
30 meters 

$115+$1.45 $300 
p e r  e a c h  add. 
m e t e r  above  
30 meters 

Tempera tu re  
FGGE P a r o s c i e n t i f i c  S e n s o r ,  I n t e r -  A i r  Deployment Package  -. Qty. I n t e r f a c e  Barometer  f a c e ,  B a t t e r y  F o r  Buoy F o r  Buoy 

Moni to r  Without  With 
Drogue Drogue 

% = 

. Kote:  A l l  p r i c e s  a r e  FOB S a n t a  B a r b a r a ,  C a l i f o r n i a  and a r e  s u b j e c t  t o  -. 
* .  change w i t h o u t  n o t i c e .  The air  deployment package ,  which h a s  been  

c e r t i f i e d  by t h e  A i r  F o r c e  and  Coas t  Guard,  e n a b l e s  buoy l a u n c h  
from a C130 o r  o t h e r  rear d o o r  a i r c r a f t  a t  a l t i t u d e s  of 300 t o  
20,000 f e e t  ( t h e  above p r i c e  i s  i n  a d d i t i o n  t o  a l l  o t h e r  o p t i o n s ) .  
A FGGE i n t e r f a c e  is  r e q u i r e d  f o r  i n s t a l l a t i o n  of t h e  ba romete r .  

-... 

-.* 
123 Sz1:ta 52:tz!z S!reei - San!& Barbara, ~alifornia 93101 - 805 963-1329 



POLAR RESEARCH LABORATORY, INCORPORATED 

TMD Buoy Prices 

Buoy Combinations: Quantity 

1 - 10 11 - 24 25 - 49 
Basic Buoy (Batteries for a 4,500 4,350 4,200 
12 month life are included. 
Provides location only. No 
sensors or battery monitor 
are included). 

FGGE Configuration 
Includes : 

A. Basic Buoy 
B. FGGE Interface 7,600 7,105 
C. Paroscientific Barometer 
D. (2) Temperature sensors 
E. Battery Monitor 

TOD configurationt 
Includes : 
A. Basic Buoy 
B. Drogue 
C. 30 meter $'I tether 5,870 5,615 5,465 
D. Drogue sensor 
E. (1) Temperature sensor 

and interface . - - - - -- 
F. Battery Monitor 

TOD Option 1 
Includes : 

A. TOD Configuration 8,470 8,045 7,895 
B. Paroscientific Barometer 

TOD Option 2 (TOD Configuration 
Less temperature sensor and 
battery monitor) 5,470 5,240 5,090 

Eote:' All prices are FOB Santa Barbara, California and are subject to 
change without notice. 

?f 3 Szcta Bzrtiara S!r~et - Santa Barbara, California 93101 - 805 963-1329 



APPENDIX B-6 

RECEIVING STATION MANUFACTURER'S INFORMATION 



A u t~ma l i c  Direct Readout Terminal 

L 1 

- A Completely Automatic Direct Readout Terminal 
featuring modular construction with the following basic system elements. 

VHF Antenna System-Twin cross dipole circularly Decommutator-Microprocessor controlled, extracts and 
poldrized yagi antenna on a rugged AzIEI mount with stores into computer memory TlROS DCS data or 

*.- 
built-in preamplifier and program track under computer NIMBUS RAMS data for user selected platforms during 
control. a real time satellite pass. 

Receiver-Detects VHF signal transmitted at any one of Microcom~uter-Non volatible Program in 3% of l3ead - * 4 frequencies (TIROS & NIMBUS) with automatic Only Memory (ROM) controls all system functions. 

spacecraft selection under computer control. Computes latitude and longitude of a l l  user selected re- 
mote platforms. Provides antenna pointing signal in real 

Bit Sync-Conditions demodulated telemetry signal to - - time in accordance with utellite ephemeris. Orbit in- 
provide serial 'data' and 'clock'. Automatic adjustment formation i s  continually being updated by means of one 
to TlROS or NIMBUS telemetry bit rates under corn- or more 'reference' platforms. Data storage in 16k . 

puter control. Built-in lock,indicator LED. (expandable) random access memory. 

I" Frame Sync-Microprocessor controlled, converts serial Printer - ASCII printing terminal with standard RS 232 
data into parallel 'words' and provides 'frame' and interface operating at 300 baud. User enters system 
'v~ord' strobes. Automatically selects TIROS or NIMBUS initialization commands via keyboard. Optional video 

- .  wordlframe formats under computer control. terminal available. 

Additional opt~ons ~nclude: an analog tape drive for recording and later playback of raw demodulated 
telemetry data; digital tape cassette for recording, archival, and playback of raw or processed digital data. - - 

OLD DOMINION SYSTEMS INCORPORATED 
4 Professional Drive Suite 119 Gaithersburg, Md. 20760 Telephone (301) 948-5200 



APPENDIX C 

TECHNICAL DESCRIPTION 
NAVY NAVIGATION SATELLITE SYSTEM 

(TRANSIT) 



G e n e r a l  I n t r o d u c t i o n  

A t  p r e s e n t ,  t h e r e  is o n l y  o n e  wor ld-wide  s a t e l l i t e  

n a v i g a t i o n  s y s t e m  i n  o p e r a t i o n .  T h i s  is  t h e  Navy N a v i g a t i o n  

S a t e l l i t e  S y s t e m  (NNSS), bet ter  known a s  TRANSIT. TRANSIT w a s  

i n i t i a l l y  d e v e l o p e d  by t h e  USN a s  a h i g h l y  a c c u r a t e ,  p a s s i v e ,  

a l l - w e a t h e r  wor ld-wide  n a v i g a t i o n  a i d  fo r  P o l a r i s  s u b m a r i n e s .  

T h e  s y s t e m  h a s  b e e n  c o n t i n u o u s l y  o p e r a t i o n a l  s i n c e  J a n u a r y  1964 

a n d  h a s  b e e n  a v a i l a b l e  t o  t h e  g e n e r a l  p u b l i c  f o r  n o n - m i l i t a r y  u s e  

s i n c e  J u l y  1 9 ,  1 9 6 9 .  A t  t h a t  t i m e ,  t h e  s y s t e m ' s  d e t a i l s  were 

r e l e a s e d  t o  commercial i n d u s t r y  so t h a t  p u b l i c  u s e r  e q u i p m e n t  

c o u l d  b e  d e v e l o p e d  a n d  m a r k e t e d .  T h i s  e q u i p m e n t  i s  now a v a i l a b l e  

f r o m  m a n u f a c t u r e r s  i n  s e v e r a l  c o u n t r i e s ,  i n c l u d i n g  F r a n c e ,  Great 

B r i t a i n ,  Canada ,  J a p a n ,  a n d  t h e  U n i t e d  S t a t e s ,  a n d  is i n  

wor ld -wide  u s e .  

T h e  TRANSIT s y s t e m  is composed of a  c o n s t e l l a t i o n  o f  s i x  

s a t e l l i t e s  t h a t  h a v e  b e e n  p l a c e d  i n t o  1 0 8 - m i n u t e  d u r a t i o n  p o l a r  

o r b i t s  a t  a n o m i n a l  1100  k i l o m e t e r s  a b o v e  t h e  e a r t h .  

A p p r o x i m a t e l y  a d o z e n  or more s a t e l l i t e s  a re  i n  r e s e r v e  t o  

r e p l a c e  o p e r a t i o n a l  o n e s  t h a t  m a l f u n c t i o n .  The  p r e d i c t e d  u s e f u l  

l i f e t ime  o f  e a c h  s a t e l l i t e  i s  f o u r  y e a r s ,  however ,  t h e  o n e s  i n  

t h e  p r e s e n t  g r o u p  h a v e  b e e n  i n  o r b i t  from f o u r  t o  t e n  y e a r s .  

A l t h o u g h  p r e s e n t  p l a n s  c a l l  f o r  a n  e v e n t u a l  r e p l a c e m e n t  o f  t h e  

TRANSIT s y s t e m  w i t h  t h e  f u t u r e  N a v s t a r  G l o b a l  P o s i t i o n i n g  Sys tem 

(GPS) ,  p r e s e n t  p o l i c y  h a s  g u a r a n t e e d  t h a t  TRANSIT w i l l  r e m a i n  

o p e r a t i o n a l  f o r  t e n  y e a r s  a f t e r  t h e  o p e r a t i o n a l  s t a r t  o f  GPS, now 

s c h e d u l e d  f o r  1985 .  Thus ,  TRANSIT w i l l  b e  a v a i l a b l e  u n t i l  1995 .  

T h e  d o p p l e r  s h i f t ,  or  a p p a r e n t  c h a n g e  i n  f r e q u e n c y  o f  a 

s t a b l e  s o u r c e  c a u s e d  by r e l a t i v e  m o t i o n  be tween  t h e  o b s e r v e r  and  

s o u r c e ,  i s  u s e d  i n  t h e  TRANSIT s a t e l l i t e  s y s t e m  t o  d e t e r m i n e  b o t h  

t h e  s a t e l l i t e  o r b i t  p a r a m e t e r s  a n d  u s e r  l o c a t i o n s .  Each  o f  t h e  

s a t e l l i t e s ,  w h i c h  h a v e  b e e n  p l a c e d  i n t o  p r e s c r i b e d  e a r t h  o r b i t s ,  

c o n t a i n s  a p r e c i s i o n  f r e q u e n c y  s o u r c e ,  a r e c e i v e r ,  a t r a n s m i t t e r ,  

a n d  a memory. A t  p r e s c r i b e d  i n t e r v a l s ,  t h e  s a t e l l i t e  r e c e i v e r  

r e c e i v e s  a m e s s a g e  from a  g r o u n d  s t a t i o n .  T h i s  message ,  which  

c o n t a i n s  a p r e d i c t i o n  o f  t h e  s a t e l l i t e ' s  o r b i t  u n t i l  t h e  n e x t  



u p d a t e  t i m e ,  i s  s t o r e d  i n  memory. The p r e c i s i o n  f r e q u e n c y  s o u r c e  

i s  u s e d  t o  d e v e l o p  t h e  p r e c i s e  s a t e l l i t e  t r a n s m i t t i n g  

f r e q u e n c y  ( i e s )  which  i s / a r e  t r a n s m i t t e d  a s  a  c o n t i n u o u s  wave 

t r a n s m i s s i o n .  A t  p r e c i s e  i n t e r v a l s  ( t w o  m i n u t e s ,  f o r  e x a m p l e ) ,  

t h e  i n f o r m a t i o n  i n  m e m o r y ,  wh ich  i n c l u d e s  t h e  n a v i g a t i o n  message  

a n d  o t h e r  s a t e l l i t e  i d e n t i f i c a t i o n  and  s y n c  i n f o r m a t i o n ,  is  

m o d u l a t e d  o n  t h e  c o n t i n u o u s l y  t r a n s m i t t e d  c a r r i e r .  

User e q u i p m e n t  is  c o m p r i s e d  of t h r e e  b a s i c  componen t s ,  a  

r e c e i v i n g  s y s t e m ,  a  d a t a  p r o c e s s o r / d i s p l a y  a n d  a  s o f  t w a r e  

package .  S i n c e  t h e  s i g n a l  power of t h e  s a t e l l i t e  i s  v e r y  l o w ,  

t h e  r e c e i v e r  i s  u l t r a - s e n s i t i v e  a n d  employs  a  p h a s e - l o c k e d  l o o p  

which  e n h a n c e s  s i g n a l  r e c e p t i o n .  I t  a l s o  employs  a  d e m o d u l a t o r  

a n d  a n  o s c i l l a t o r  o f  good s h o r t - t e r m  s t a b i l i t y .  Long-term 

s t a b i l i t y  i s  n o t  i m p o r t a n t ,  s i n c e  t h e  s y s t e m  i s  " c l o c k e d n  by t h e  

h i g h l y  s t a b l e  s a t e l l i t e  o s c i l l a t o r .  The d a t a  p r o c e s s o r  c a n  b e  a  

m i c r o p r o c e s s o r  o r  min i compu te r  d e p e n d i n g  upon  t h e  l e v e l  o f  

s o p h i s t i c a t i o n  a n d  d e s i r e d  a c c u r a c y .  Sof  t w a r e  c a n  b e  h a r d w i r e d  

o r  e x t e r n a l l y  e n t e r e d ,  d e p e n d i n g  upon t h e  f a c i l i t y ,  a n d  c a n  a l s o  

v a r y  i n  s o p h i s t i c a t i o n ,  d e p e n d i n g  upon t h e  u s e r ' s  r e q u i r e m e n t s .  

I n  o r d e r  t o  d e t e r m i n e  a  f i x ,  t h e  u s e r  e q u i p m e n t  m u s t  d e c o d e  

a n d  e x t r a c t  t h e  s a t e l l i t e  message ,  m e a s u r e  a n d  col lec t  s a t e l l i t e  

v e l o c i t i e s  t h r o u g h  i n t e g r a t i o n  o f  d o p p l e r  c o u n t s  a n d  combine  t h e  

d o p p l e r  d a t a  w i t h  t h e  s a t e l l i t e  c o o r d i n a t e s  i n  o r d e r  t o  o b t a i n  a  

computed a n t e n n a  p o s i t i o n  a t  t h e  t i m e  o f  t h e  o b s e r v a t i o n .  A 

c u r v e  o f  t h e  a p p a r e n t  s h i f t  i n  f r e q u e n c y  d u e  t o  t h e  d o p p l e r  

e f f e c t ,  t a k e n  a t  s e v e r a l  p o i n t s  i n  t i m e ,  d e s c r i b e s  t h e  u s e r ' s  

u n i q u e  l o c a t i o n .  

Users o f  TRANSIT m u s t  d e a l  w i t h  s e v e r a l  l i m i t a t i o n s  and  

error  s o u r c e s .  Some o f  t h e  more i m p o r t a n t  o n e s  a r e  l i s t e d  below: 

a .  I n f  r e q u e n t  s a t e l l i t e  p a s s e s  

b. O v e r l a p p i n g  p a s s e s  a n d  c o - i n t e r f e r e n c e  

c. G e o m e t r i c a l  e f f e c t s  o n  errors 

d .  P r o p a g a t i o n  a n o m o l i e s  

e. C o o r d i n a t e  t r a n s f o r m a t i o n s  



f .  G e o i d a l  h e i g h t  v a r i a t i o n s  

g .  V e l o c i t y  c o n s i d e r a t i o n s  

h.  User e q u i p m e n t  c a p a b i l i t y  

S i n c e  t h e  TRANSIT s y s t e m  is  p o l a r - o r b i t i n g ,  t h e  f r e q u e n c y  o f  
o v e r h e a d  p a s s e s  v a r i e s  w i t h  l a t i t u d e .  One o f  t h e  s i x  s a t e l l i t e s  

is  v i s i b l e  ( a n d  t h u s  a v a i l a b l e  t o  compute  a l o c a t i o n a l  f i x )  e v e r y  

o n e - h a l f  h o u r  a t  t h e  p o l e s ,  b u t  o n l y  e v e r y  t w o  h o u r s  a t  t h e  

e q u a t o r .  Between t h e s e  p a s s e s ,  n o  r ea l  t i m e  f i x  may be o b t a i n e d  

f r o m  t h e  s a t e l l i t e .  E s t i m a t e d  p o s i t i o n s  may be o b t a i n e d  w i t h  t h e  

u s e  o f  a d e a d - r e c k o n i n g  c o m p u t e r  i n t e r f a c e d  w i t h  t h e  TRANSIT 

c o m p u t e r  or w i t h  t h e  u s e  o f  a c o m b i n a t i o n  o f  TRANSIT w i t h  o t h e r  

r a d i o  n a v i g a t i o n  s y s t e m s ,  s u c h  a s  OMEGA. I n  t h e s e  cases, t h e  

s e c o n d a r y  s y s t e m  m o n i t o r s  l o c a t i o n  b e t w e e n  s a t e l l i t e  p a s s e s  a n d  

is  u p d a t e d  t o  p r i m e  a c c u r a c y  a t  t h e  t i m e  o f  e a c h  p a s s .  

TRANSIT a c c u r a c y  h a s  improved  a s  a r e s u l t  o f  improved  

t e c h n i q u e s .  A s  a n  example ,  t h e  a c c u r a c y  o f  o r b i t a l  d e t e r m i n a t i o n  

h a s  b e e n  i n c r e a s e d  t o  a b o u t  5-10 meters by u s i n g  t h e  WGS-72 

g e o p o t e n k i a l  model.  The  s y s t e m ' s  i n i t i a l  mode l ,  APL 1 . 0 ,  

p r o v i d e d  o n l y  100-150 meters a c c u r a c y .  The  s y s t e m ' s  t o t a l  error 

b u d g e t  is now 15-30 meters. T y p i c a l  s i n g l e - p a s s  s o l u t i o n  errors 

f o r  n a v i g a t i o n  sets r a n g e  f rom a b o u t  1 0 0  t o  3 0 0  meters a n d  u p  t o  

a b o u t  5 0  meters f o r  s u r v e y  sets. M u l t i p l e - p a s s  s o l u t i o n s  and  

t r a n s l o c a t i o n  me thods  c a n  r e d u c e  t h e  t o t a l  f i x  error t o  1-5 

meters ( t r a n s l o c a t i o n  r e f e r e n c e d  t o  a known l o c a t i o n ;  

m u l t i p l e - p a s s  p o i n t  p o s i t i o n i n g  r e l a t i v e  t o  WGS-72). 

T a b l e  C-1 s u m m a r i z e s  t h e  c h a r a c t e r i s t i c s  o f  t h e  TRANSIT 

s y s t e m .  Compared w i t h  o t h e r  r a d i o  p o s i t i o n - f i x i n g  s y s t e m s ,  

TRANSIT h a s  numerous  a d v a n t a g e s ,  They i n c l u d e :  

1, The s y s t e m  c a n  b e  u s e d  a l l  o v e r  t h e  w o r l d .  

2 ,  The  a c c u r a c y  is g r e a t e r  t h a n  t h a t  o f  a n y  o t h e r  
p o s i t i o n - f  i x i n g  s y s t e m  w i t h  w o r l d  c o v e r a g e ,  

3 .  The u s e r  d o e s  n o t  n e e d  t o  c o n t r i b u t e  t o  t h e  enormous  
cost  o f  t h e  s y s t e m .  

4 .  S p e c i a l  c h a r t s  a r e  n o t  r e q u i r e d ,  



Coverage: 

Availability: 

Number of possible users: 

Satellites 

Quantity: 
Type of orbit: 
Period of orbit: 
Altitude of orbit: 

Satellite Transmissions 

Frequency : 
Type of emission: 
Data interval: 
Data transmitted: 

Update interval for variable data: 

Fix availability: 

Method of fixing: 

Datum: 

Operating Agency: 

Number of tracking stations: 

Number of injection stations: 

System Accuracy: 

Application Accuracy 

Translocation : 
Point positioning: 
Navigation: 

World-Wide 

24 hours per day 

Unlimited 

Six (one presently inoperative) 
Circular, polar 
108 minutes 
1100 kilometers (nominal) 

150 and 400 MHz 
CW, phase modulated 
2 minutes 
Fixed orbital parameters, variable 

orbital parameters, time and sync 
marks 

12-16 hours 

Hourly at middle latitudes 

Measure doppler data and combine with 
satellite coordinates to compute 
location at time of observation 

WGS-72 

U.S. Navy (Astronautics Group) 

Four 

Two 

15-30 meters, RSS 

1-5 meters, RMS (relative to known point) 
5 meters, RMS (relative to WGS-72) 
100-300 meters, RMS (relative to WGS-72) 

Table@-1: CHARACTERISTICS OF TEE NAVY NAVIGATION SATELLITE 
SYSTEY (TRAKSIT) 



5.  The p o s i t i o n  is  a u t o m a t i c a l l y  s t a t e d  a s  l o n g i t u d e  and  
l a t i t u d e ,  and  r e q u i r e s  no  c o r r e c t i o n s  t o  b e  made by t h e  
n a v i g a t o r .  

6.  Lane s l i p  c a n n o t  o c c u r .  

7 .  The sys t em d o e s  n o t  i n v o l v e  r e f l e c t i o n  o f  r a d i o  waves ,  
so no  a l t e r a t i o n s  i n  p r o p a g a t i o n  t i m e  o r  p h a s e  c a n  
a r i s e .  The r e f r a c t i o n  i n  t h e  i o n o s p h e r e  t o  which t h e  
waves a r e  s u b j e c t e d  i s  measured and  c o r r e c t e d  f o r  by 
r e c e i v i n g  two f r e q u e n c i e s  s i m u l t a n e o u s l y .  

8 .  The s y s t e m ' s  compu te r  c a n  a l s o  p e r f o r m  o t h e r  t a s k s  t o  
i n c r e a s e  s a f e t y  or  a d v a n c e  e f f i c i e n c y  . 

D i s a d v a n t a g e s  i n c l u d e :  

1. The i n i t i a l  cost  is  h i g h ,  t.hough t h i s  may b e  r e d u c e d  i n  
t h e  f u t u r e .  

2. The i n t e r v a l  (maximum a b o u t  4 h o u r s )  be tween  two 
p o s i t i o n  f i x e s  i s  l o n g .  

3 .  Errors i n  t h e  s h i p ' s  c o u r s e  and  s p e e d  d a t a  s u p p l i e d  t o  
t h e  computer  d e t r a c t  f rom t h e  a c c u r a c y  o f  p o s i t i o n  
f i x i n g .  

4 .  I t  is p r o b a b l e  t h a t  i n  t h e  f u t u r e  a n o t h e r ,  s t i l l  b e t t e r ,  
s a t e l l i t e  s y s t e m  f o r  p o s i t i o n - f  i x i n g  w i l l  become 
a v a i l a b l e .  

5. The p r e s e n t  NNSS s y s t e m  i s  u n s u i t a b l e  f o r  a i r c r a f t  
b e c a u s e ,  among o t h e r  t h i n g s ,  t h e  a v e r a g e  t i m e  be tween  
s a t e l l i t e  p a s s e s  i s  too l o n g  r e l a t i v e  t o  t h e  a v e r a g e  
d u r a t i o n  o f  a  f l i g h t .  

6. U n l e s s  t h e  s a t e l l i t e  r e c e i v e r  i s  programmed to  se lec t  
o n l y  u s e a b l e  p a s s e s ,  t h e  r e c e i v e r  may p e r f o r m  d o p p l e r  
c o u n t s  on p a s s e s  t h a t  a r e  t o o  h i g h  o r  too low, o r  may 
s w i t c h  o v e r  f rom o n e  s a t e l l i t e  t o  a n o t h e r .  I n  s u c h  
c a s e s  t h e  f i x e s  are  i n a c c u r a t e  o r  u s e l e s s .  

TRANSIT User Equipment  
* - 

TRANSIT u s e r  e q u i p m e n t  m a n u f a c t u r e r s  m a r k e t  e i t h e r  

n a v i g a t i o n  o r  s u r v e y  Sets o r  b o t h .  N a v i g a t i o n  s e t s  a r e  t y p i c a l l y  

c a p a b l e  o f  s i n g l e - f r e q u e n c y  o p e r a t i o n  and  less a c c u r a c y  t h a n  t h e  

s u r v e y  sets .  They a r e  o f t e n  times d e s i g n e d  t o  b e  u s e d  a s  o n e  

s e n s o r  i n  a  l a r g e r  n a v i g a t i o n  s y s t e m .  S u r v e y  s e t s  a r e  



s t a n d - a l o n e  a n d  c a n  p r o v i d e  e x c e l l e n t  a c c u r a c y .  C h a r a c t e r i s t i c s  

o f  a c r o s s - s e c t i o n  o f  n a v i g a t i o n  e q u i p m e n t  a r e  c o n t a i n e d  i n  T a b l e  

C-2. S e l e c t i o n  of t h e  e q u i p m e n t s  f o r  p r e s e n t a t i o n  w a s  b a s e d  

s o l e l y  o n  a v a i l a b i l i t y  o f  i n f o r m a t i o n .  I n d i v i d u a l  costs are n o t  

l i s t e d  i n  t h e  t a b l e s ,  b e c a u s e  e x t e n s i v e  o p t i o n s  a re  a v a i l a b l e  f o r  
9 

most s y s t e m s .  A c q u i s i t i o n  costs r a n g e  from a b o u t  $15 ,000  f o r  a 

simple n a v i g a t i o n  se t  t o  a r o u n d  $150,000 f o r  a c o m p l e t e  

t r a n s l o c a t i o n  s u r v e y  sys t em.  

F o l l o w i n g  T a b l e  C-2 a re  company b r o c h u r e s  d e s c r i b i n g  t w o  

p o p u l a r  Magnavox S a t e l l i t e  N a v i g a t o r  S y s t e m s ,  t h e  MX 1 1 4 2  a n d  t h e  

MX 1242.  



I a t t a r y  Backup: 

Imeaivar  Craquanclaa: 

I e c a l v a r  8 a n a i t l v l t y :  

Tunlnn H r t l t o d ~  

s a l t  Tast1 

D l a p l a y a ~  

Antenna Six. - 
Ite lgh t r  
Oldmetar: 
U a l y h t ~  

Optlonar 

Cia Accuracy: 
(WS-71 datum) 

lOO/i l5/201/130 2 1 s t  vAa, lOOl l l0 /230 i r~c, -10 t o  t l5 :  105-130 VAC, 44-67 Ha, I@, 100-I25 o r  110-150 VAC, 50-60 
45-66 11;. 16,150 Y man. VAC, 44-67 n i ,  1Q.95 V us. 100 Y us. 118, 1). 130 Y man 

10 minutaa 30 mlnutaa 10 minutam None 

-145 dbm -150 d b  -150 d k  -146 dbm 

A u t m a t l c  o r  Programad Automatic o r  P r o ~ r a r a d  A u t o u t l c  . Automatic 

Lpproxlmataly 20 H a v l ~ a t l o n  Statue l l n h t e  f o r  pouac, Statua l i a h t a  t o r  p o w r ,  L a ~ l t u d a ,  1onl;ltuda and tXT  
and S a t a l l I r a  in fo rmat ion  ACC lock,  v a l l d  data, v a l l d  ACC lock,  v a l i d  data, va11d on LED'. b ata tua  l l a h t a  f a r  
tuncr lona b ae l f -d lagnoa t i c  mesuana, p lua  o r  mlnuta re-  meaaa8a b hard copy nav. maaaa~a mync, L? l o c k  and 
readout on LEO dimplay r e f r a c t i o n  b hard copy nav. date pouar 
ncraen d r t a  

Er tenslva d lnplsy.  almpla llsrd-copy data, almpla llord-copy data, almpla LED dlaplaya.  1 u n l t a  i n  a 
operol lon,  a lng le -un i t  uperatlon, 2 aq~~ lpmenta  I n  operat ion,  a ing la -un i t  a lng la  packaaa, autnmatlo 
cnnntruct lon,  p r o a r a u r d  a a l r a l a  packrge. a u r o r a t i c  conmrructlon, auto daad dead r a c k o n l n ~ b  
t rnck lna,  .e l f - i nd ica t inn  duad rackonlnab, malt-check reckoninnb, encapaulatad 
m a l f ~ r ~ ~ c t l o n  taat inn,  auto metar. dual  frequency ant. lpre-amp 
dead rackon1n)b 

Automatic apead b I~ead ina  Remote d lap lay  b racordar, Automatic apaad b haadlnn A u t o u t l c  apaad b headlna 
Input. remole monltor, a lac la,  i n t e a r a t i o n  4 t h  Input ,  i n t e g r a t i o n  ulth Input ,  ramotr d l a p l q .  alarm 
p r i n t a r .  alarm. o thar  nav. ayatame othac nav. ayatama a l l n a l a  

100 matara + 4 0  matara 8mma aa KX1102 
par kno t  o f  uaar'a apaad 
e r r o r  

b h n u a l l y  m t a r a d  uaar'a apaad and kaadlna. 

100 .star. + COO m t a r a  p i r  
knot  o f  uaar'a apaad a r r a r  

Table C-2: CHARACTERISTICS OF SELECTED TRANSIT NAVIGATION USER EQUIPMENT 



Magnavox 
MX 1142 

Single Channel 
Satellite Navigator 

TELEPHONE 14151 957 1300 

Complete, Accurate Navigation Information Anywhere, In Any Weather, At Any Hour 



The MX 1142 Satellite Navigator 
is a member of the recently intro- 
duced Magnavox family of micro- 
processor-based navigation systems. 
This singlechannel satellite navigator 
provides continuous real-time ship- 
board navigation. It automatically and 
continuouslycomputes and displays 
the ship's position, frequently updated 
byTransit satellites orbiting the earth. 

Increased Reliability and 
Compactness 

A primary objective in designing 
the MX 1100 series of satellite naviga- 
tors was to establish a new standard 
of reliability for marine electronic navi- 
gation equipment.This objective has 
been realized through use of the latest 
LSI circuit technology and a micro- 
processor based designed that has 
enabled Magnavox engineers to 
improve equipment performance and 
reliability. 

Except for its weather-sealed 
above-deck antenna, the entire 
system-satellite receiver, micro- 
processor, keyboard, and display -is 
securely mounted in a single, rugged, 
cast housing.This housing is similar 
in size toa small portable television set. 

Complete Navigation 
Information at a Glance 

The MX 1142 Satellite Navigator 
does its work automatically, unat- 
tended. It displays navigation data 
in brilliant red characters on a black 
background for maximum legibility. 
Once initialized it goes on acquiring 
data, updating and displaying all the 
information you need in its most 
usable form. 

A typical readout tells you: 
Continous display of current 
dead-reckoned position in latitude 
and longitude updated by each 
satellite position fix. 
Greenwich Mean Time-accurate 
to within one second. 
Speed - manual or automatic 
input. 
Heading - manual or automatic 
input. 
Dead reckoning time-elapsed 
time since last satellite position 
update. 

In addition, the MX 1142 can 
display on command a wide range 
of navigation and operational 
information, including: 

Set and drift. 
Heading to steer. 
Total distance run. 
Course of advance. 
Speed of advance. 
Course and distance to or between 
present location and/or multiple 
waypoints-Great Circle or Rhumb 
Line course. 
GMT of next and future usable 
satellite passes. 
Maintenance and troubleshoot- 
ing data. 
Comprehensive last fix data 
display. 

MX 1142 key features are: 
Accuracy: 

Static fix with 0.05 NMI (RMS). 
Cl Perfect fix update reliability. 

GMT accurate to one second. 

Simple operation: 
Fully automatic. 

U Fully programmed-no program 
to load. 
Automatic speed/gyrocompass 
interface. 
Pushbutton operation. 
Simple mnemonic codes. 

U High legibility red character CRT 
display. 
Illuminated keyboard. 
Keyboard lock. 

Reliability: 
All solid-state components. 
0-50°C. temperature specification. 
Automatic self-test. 

17 Manual self-test. 
17 Board-level fault isolation. 

Speed and gyro input failure 
warning. 

Options: 
D.C. power supply. Full operation 
battery backup and charger. 
Printer. 

U Remote displays. 

Simple to Operate 
Any navigator can learn to oper- 

ate the MX 1142 with an hour or two 
of practice.There are no complicated 
procedures or control panels to 
master. All inputs are entered through 
the keyboard, using simple two-digit 
codes listed on the front panel. All 
system outputs are displayed in a 
concise, easily understood format. 
The navigator need never touch the 
MX 1142 after initial startup when 
the automatic speed and heading 
interface is used.The system will 
go on automatically computing and 
displaying accurate, up-to-the-second 
navigation information as long as 
power is supplied. 

All data is displayed in its most 
immediately usable form without hand 
calculations or conversions - 
location in latitude and longitude, 
direction in degrees, time in hours, 
minutes, and seconds, distance in 
nautical miles. 

Automatic Memory 
Protection 

In the event of power failure, the 
computer program and stored infor- 
mation are automatically protected 
for up to 15 minutes by the memory 
battery.The battery is automatically 
recharged when power is restored. 

{The memory battery is not the 
same as the optional full operation 
back up battery] 

O m r i g h t  1978 Magnavox Government and Industrial 
Electronics Co R5916 9/78. Printed in U.S.A. 



a. - Once initialized, the system func- Alerts AntennaIPreamplifier Unit 
tions virtually without operator atten- 
tion. With each valid Transit satellite 
pass, it automatically computes the 
vessel's position within 0.1 nauti- 
cal mile (nominal) and then dead- 
reckons until the next satellite update. 

Since the Transit satellite network 
blankets the earth, and is unaffected 
by local weather conditions, the 
MX 1142 functions flawlessly at any 
hour, anywhere, in any weather. 

Great Circle or Rhumb Line 
Course 

Upon command, the MX 1142 con- 
tinuously calculates and displays 
the Great Circle and Rhumb Line 
course and distance from the ship 
to from one to nine selectable desti- 
nations, turn points, way stations or 
obstacle locations - anywhere on the 
earth's surface. It also displays the 
gyrocompass heading (corrected for 
gyro error and set and drift) required 
to maintain the desired course. 

In addition, the system can display 
the course and distance between 
any two of the nine waypoint posi- 
tions, permitting the navigator to 
plan future course changes. 
Programmed Tracking 

The MX 1142 sets a new standard 
for fully automatic satellite navigation 
signal processing. As the MX 1142 
tracks each satellite, it stores the orbit 
data and predicts the time of the 
next usable pass. Having acquired 
data from all satellites, the system 
preferentially tunes to the passes hav- 
ing acceptable elevation angles. In 
this way, satellite blocking is elimi- 
nated. The result is that the MX 1142 
produces about ten percent more 
usable position fixes than other satel- 
lite navigation systems and can 
reduce the maximum time between 
satellite fixes substantially. 

The system also provides alert sig- 
nals to call the operator's attention 
to anomalous navigation information, 
deviation from selected heading to 
steer, near approach to designated 
waypoints, etc. 

Automatic Self-Test 

Like other components of the sys- 
tem, the MX 1142 antennalpream- 
plifier is designed for the rigors of the 
environment in which it operates. It 
is ruggedly constructed to withstand 
vibration and temperature extremes, 
and is sealed against the effects of 

Approximately every two hours, water, sun, wind and salt. 
without interrupting normal oper- The antenna is easily mounted in 
ation, the MX 1142 conducts an auto- any relatively unobstructed above- 
matic self-test of all major functions. deck location within 200 feet (60 
At such times, the notation "TEST" meters) of the MX 1142 Satellite Navi- 
appears on the display indicating test gator unit. One hundred feet of cable 
in progress, and disappears at the is normally supplied with the system. 
end of the test if no error is detected. 
If an error is found, the notation 
"ERR" appears on the display, with 
digits or letters identifying the most 
probable defective part. Self-test also 
may be initiated manually. 

Maintenance in the Field 
Most repairs can be made in min- 

utes on the spot by replacing the 
defective plug-in module from spares. 



Automatic Speed and 
Heading Input 

The MX 1142 is available with either 
of two standard speed and heading 
interface modules which plug inside 
the chassis and accept signals from 
most standard marine gyrocom- 
passes and speed logs. With one of 
these interfaces, the MX 1142 con- 
tinuously monitors the speed and/or 
heading and performs fully auto- 
matic dead reckoning between satel- 
lite fix updates. The system allows 
manual entry of corrections for speed 
log scale factor and gyrocompass 
error. The gyrocompass input can be 
synchro, stepper or two speed syn- 
chro. Speed can be provided by con- 
tact closures, pulse train, or two 
speed synchro signals. 

Options 
Emergency Internal Battery and 
Recharger 

An optional internal battery back- 
up system is available to provide 
continuous MX 1142 operation when 
there is a temporary loss of exter- 
nal power. With this option installed, 
when there is a loss of external 
power, the MX 1142 automatically 
switches to battery power, indicates 
minmwer failure on the display, 
and continues to operate without 
interruption or loss of data. 

The batteries automatically 
recharge upon resumption of 
external power. 

Remote Display Monitor 
One or more remote displays may 

be added to the MX 1142 system for 
duplication of the information on the 
main unit at any desired location. 

Printer 
A printer output signal isprovided, 

permitting a printer to be connected 
to the system to provide a hard-copy 
record of the navigation information. 
Magnavox can also supply a variety 
of different optional printing devices 
depending on the particular needs 
of the customer. 

Alarm Signal 
For vessels with a centralized alarm 

system, an alarm relay contact output 
is provided to activate the alarm in 
case the MX 1142 fails self-test, loses 
power, or detects anomalous infor- 
mation from the gyrocompass or 
speed log. 

D.C. Power Supply 
For appl~cat~o 

requlrlng a 
24 VDC Input, 
an opt~onal 
power supply 
is available 
[Memory protection is not required 
or provided with this option.) 

Mounting 
The MX 1142 is designed for easy 

installation. The mounting yoke can 
be rotated to provide tabletop, bulk- 
head, or overhead mounting. No 
external junction boxes or compo- 
nents other than the antenndpreamp 
are required. The small antenna/ 
preamp unit mounts in any above 
deck location affording a relatively 
unobstructed view of the horizon. 
Installation can be accomplished 
easily during a normal port turn- 
around interval within a few hours. 

SATELLITE FIX 
ACCURACY 

ENVIRONMENTAL 

RECEIVER FREQUENCY 
SENSITIVITY 
TUNING 
SELF TEST 
DIMENSIONS 

ANTENNA GROUP 

POWER 

OPTIONAL INTERNAL 
BACKUP BAlTERY 

OPTIONAL D.C. 

MX 1142 Specifications 
0.05 Nautical Mile plus 0.2 Nautical Mile 

per Knot of Speed Error (RMS) 
Operating Temperature - Main equipment O0 to 50°C 

-Antenna/Preamp -25O to +70°C 
Relative Humidity to 95% at 40°C 
Ventilation - Intake and exhaust through front panel 
400 MHz Transit Satellite Channel 
-145 dbm 
Automatic and Programmed 
Automatic with Diagnostics to Module Level 
Overall height 432mm (17 in); Overall depth 356mm (14 in) 
Overall width 419mm (16.5 in); Weight 34 Kg (75 pounds) 
Diameter 625mm (24 in); height 445mm (17.5 in); Weight 4.1 Kg (9 pounds) 
Cable 30 meters 1100 ft) normally supplied; maximum length which can be used 

is 60 meters (200 feet). 
100/115/208/230 -C 15% VAC. 45 to 66 Hz. Single Phase 120 watts maximum, 
with 15-minute memory protection in case of power failure. 
10 minutes operation with full charge 

Magnavor reserves Ihe r~ghl  lo  make changes lo  11s producls and spec~tlcal~ons without nollce 
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The MX 1142 Satellite Navigator 

Display and 
Panel Bright- 
ness Controls 1 

Code Infor- Line of the Display 
mation Into the System I 
I Power On-Off, 

Switch and Fuses 
Behind Hinged Panel 

Line of ~ j s ~ l a ~  
Function Keys 
0 thru 9 for 
Input of Data 
to System 

BEST AVAILABLE COPY 
C-12  



Maunavox 

Single Channel 
Satellite Navigator 

Complete, Accurate Navigation Information Anywhere, In Any Weather, At Any Hour. 

BEST AVAILABLE COPY C-13 



Worldwide Precise 
- All-weather Navigation- 

Simple and Convenient 
Operational simplicity.. . pre- 

cise navigation data.. . rugged -- dependability.. .compact conve- 
nience.. .these are the key qual- 
ities of the Magnavox MX 1242 

- single channel satellite navigator. 
The MX 1242 Satellite Navi- 

gator is a member of the recently 
introduced family of Magnavox -- microprocessor-based navigation 
systems. 

Increased Reliability and - Compactness 
A primary objective in design- 

ing the MX 1242 was to estab- 

- lish a new standard of reliability 
for marine electron~c navigation 
equipment. Th~s was accom- 
plished by using the latest solid - state circuit technology and 
thruclgi) exhaustive component 
selection and evaluation. This 
design concept has resulted in 
thousands of extra hours of 
trouble-free performance in the 
marine environment. 

- Except for its weather-sealed 
above-deck antenna, the entire 
system - satellite receiver, micro- 
processor, keyboard, and display 

. - is securely mounted in a single, 
rugged, housing. This housing 
is similar in size to a small porta- 
ble television set. - 

Complete Navigation Infor- 
mation at a Glance 

The MX 1242 Satellite Naviga- 
tor does its work automatically, 
unattended. It displays navigation 
data in sharp red characters 
on a black background for maxi- 
mum legibility. Once initialized, it 
goes on acquiring data, updating 
and displaying all the information 
you need in its most usable form. 

A Typical Readout Tells You: 
Continuous display of current 
dead-reckoned position in lat- 
itude and longitude updated by 
each satellite position fix. 
Greenwich Mean Time - 
accurate to within one second. 
Speed -manual or automatic 
input. 
Heading - manual or auto- 
matic input. 
Dead reckoning time - elapsed 
time since last satellite position 
update. 
In addition, the MX 1242 

can display on command other 
navigation and operational 
information including: 

Great Circle or Rhumb Line 
distance and course up to nine 
way points. 
Sailing program alert. 
Course made good. 

17 Speed made good. 
I3 Total distance run. 

Compass error compensation. 

-- BEST AVAILABLE COPY 

@ Copyr~ghl I979 Magnavox Gciernmell S lnduslr~al Electron~cs CO R6000 2/79 
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Maintenance and trouble- 
shooting data. 
Set and Drift. 
Satellite tracking alert. 
Satellite fix alert. 
Comprehensive last fix data 
display. 
Time, elevation angle, and 
identification of next eight 
satellite passes. 

MX 1242 Key Features are: 
Accuracy: 

Static fix with 0.05 NMI [RMS). 
GMT accurate to one second. 

Simple Operation: 
Fully automatic. 
Fully programmed - no 
program to load. 
Programmed Tracking. 
Pushbutton operation. Simple 
mnemonic codes. 

O High legibility CRT display. 
Reliability: 

All solid-state components. 
0-50°C temperature 
specification. 

O Factory burn-in of systems. 
Automatic self-test. 
Manual self-test. 

O Board-level fault isolation. 
Speed and gyro input failure 
warning. 
Automatic memory protection 
and auto restart in event of 
main power failure. 
Automatic speed/ 
gyrocompass interface. 

Options: 
Printer. 
Remote displays. 



-,... 

Simple to Operate 
Any navigator can learn to 

operate the MX 1242 with an hour 
or two of practice. There are no 
complicated procedures or con- 
trol panels to master. All inputs 
are entered through the keyboard, 
using simple two-digit codes 
listed on the front panel. All sys- 
tem outputs are displayed in a 
concise, easily understood for- 
mat. The navigator need never 
touch the MX 1242 after initial 
startup when the optional auto- 
matic speed and heading inter- 
face is used. The system will go 
on automatically computing and 
displaying accurate, up-to-the- 
second navigation information 
as long as power is supplied. 

All data is displayed in its most 
immediately usable form without 
hand calculations or conversions 
-location in latitude and longi- 
tude, direction in degrees, time in 
hours, minutes, and seconds, 
distance in nautical miles. 

Once initialized, the system 
functions virtually without opera- 
tor attention. With each valid 
TRANSIT satellite pass, it automat- 
ically computes the vessel's posi- 
tion within 0.1 nautical mile 
(nominal),and then dead-reckons 
until the next satellite update. 

Since the TRANSIT satellite 
network blankets the earth, and 
is unaffected by local weather 
conditions, the MX 1242 functions 
flawlessly at any hour, anywhere, 
in any weather. 

Automatic Self-Test The gyrocompass input can be 

Approximately every two 
hours, without interrupt~ng normal 
operation, the MX 1242 conducts 
an automatic self-test of all major 
functions. At such times, the 
notation "TESTMappears on the 
display indicating test in progress, 
and disappears at the end of the 
test if no error is detected. If an 
error is found, the notation "ERR" 
appears on the display, with digits 
or letters identifying the most 
probable defective part. Self-test 
also may be initiated manually. - 

Maintenance in the Field 
Most repairs can be made in 

minutes on the spot by replacing 
the defective plug-in module 
from spares. 

Automatic Speed 
and Heading Input 

The MX 1242 is available with 
either of two standard speed 
and heading interface modules 
which plug inside the chassis and 
accept signals from most stan- 
dard marine gyrocompasses and 
speed logs. With one of these 
modules, the MX 1242 continu- 
ously monitors the speed and/or 
heading and performs fully auto- 
matic dead reckoning between 
satellite fix updates. The system 
allows manual entry of corrections 
for speed log scale factor error. 

synchro, stepper or two speed 
synchro. Speed can be prov~ded 
by contact closures, pulse train. 
or two speed synchro signals. 

Antennalpreamplifier Unit 

Like other components of the 
system, the MX 1242 antenna/ 
preamplifier is designed for the 
rigors of the environment In which 
it operates. It is ruggedly con- 
structed to withstand vibration and 
temperature extremes, and is 
sealed against the effects of water, 
sun, wind and salt. - . . . 

The antenna is easily mounted 
in any relatively unobstructed 
above-deck location within 200 
feet (60 meters) of the MX 1242 
Satelljte Navigator unit. One hun- 
dred feet of cable is normally 
supplied with the system. 

Emergency Internal Battery 
An internal battery backup 

system is included to provide pro- 
tection of memory contents and 
automatic restart without reinitiali- 
zation for power blackouts up to 
two hours or more. 

The battery automatically 
recharges upon resumption of 
external power. 

BEST AVAILABLE COPY 



Mounting 
The MX 1242 is designed for 

easy installation. No external junc- 
tion boxes or components other 
than the antenna/preamplifier are 
required. The small antenna/ 
preamplifier unit mounts in any 
above-deck location affording 
a relatively unobstructed view of 
the horizon. Installation can be 
accomplished easilyduring a nor- 
mal port turnaround interval 
within a few hours. 

Options tion. Magnavox can also supply 
a variety of different optlonal print- 

Printer ing devices depending on the 
An optional printer output particular needs of the customer. 

signal can be provided permitting Display Monitor 
a printer to be connected to the 
system to provlde a hard-copy One or more remote dlsplays 

record of the navigation informa- may be added to the MX 1242 
system for duplication of the tnfor- 
matlon on the main un~t  at any 
desired location on the shlp. 

MX 1242 Specifications* 

Power: 100/115/208/230 + 15% VAC 45 to 66 Hz, single phase, 180 watts max. 

Satellite Fix Accuracy: 0.05 Nautical Mile plus 0.2 Nautical Mile per knot of speed error (RMS) 

Environmental: Operating Temperature-Main equipment O0 to 50°C-Antenna/Preamplifier- 
25O to 70°C. Relative humidity to 95% at 40°C. Ventilation-Intake and exhaust 
through front panel. 

Receiver Frequency: 400 MHzTransit Satellite Channel 

Sensitivity: - 145 dbm 

Tuning: Automatic 

Self-Test: Automatic With Diagnostics to Module Level 

Dimensions: Overall height 26.11cm (10.28 in.) 
Overall depth 33.884cm (13.34 in.) 
Overall width 30.958cm (12.188 in.) 
Weight 34 Kg (75 pounds) 

Antenna Group: Diameter 625mm (24 in.) 
Height 445mm (17.5 in.) 
Weight 4.1 Kg (9 pounds) 
Cable 30 meters (100 ft) normally supplied, maximum length which can be used is 
60 meters (200 feet). 

'Magnavox reserves the rlght to make changes to its products and spec~f~cat~ons w~thout notlce 
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Sys tem C o n c e p t  

The  OMEGA s y s t e m  was d e v e l o p e d  i n  1 9 5 7  by t h e  U.S. Navy t o  

p r o v i d e  a  l o n g - r a n g e  e l e c t r o n i c  n a v i g a t i o n a l  a i d  w i t h  c o n t i n u o u s  

wor ldwide  c o v e r a g e .  I t  i s  a  h y p e r b o l i c  s y s t e m  b a s e d  o n  m e a s u r i n g  

t h e  p h a s e  d i f f e r e n c e  be tween  cont inuous-wave  s i g n a l s  from p a i r s  

of t r a n s m i t t e r s .  The p h a s e  d i f f e r e n c e  be tween  t h e  a l t e r n a t i n g  

c u r r e n t s  i n  t h e  t r a n s m i t t i n g  a e r i a l s  o f  a  p a i r  o f  s t a t i o n s  need  

n o t  b e  z e r o  b u t  mus t  be c o n s t a n t ,  o t h e r w i s e  t h e  measu remen t s  made 

a t  t h e  r e c e i v e r  w i l l  n o t  a c c u r a t e l y  i n d i c a t e  t h e  h y p e r b o l a  o n  

which  t h e  r e c e i v e r  is  l o c a t e d .  

O l d e r  r a d i o  p o s i t i o n - f i x i n g  s y s t e m s ,  s u c h  a s  Decca,  

s y n c h r o n i z e  t h e  s l a v e  t r a n s m i t t e r  d i r e c t l y  w i t h  t h e  m a s t e r .  On 

r e c e i v i n g  t h e  s i g n a l s  t r a n s m i t t e d  by t h e  m a s t e r ,  t h e  s l a v e  

a m p l i f i e s  them and  s u p p l i e s  them t o  i t s  t r a n s m i t t i n g  a e r i a l ;  t h u s  

t h e  f r e q u e n c y  and  p h a s e  o f  m a s t e r  and  s l a v e  s i g n a l s  a r e  

s y n c h r o n i z e d .  

F o r  t h e  OMEGA s y s t e m ,  t h e  a e r i a l  c u r r e n t s  need  n o t  be 

s y n c h r o n i z e d  i n  t h i s  way. Every  s t a t i o n  i s  p r o v i d e d  w i t h  o n e  or 

more ces ium a t o m i c  o s c i l l a t o r s .  Such a n  o s c i l l a t o r  g e n e r a t e s  

o s c i l l a t i o n s  whose f r e q u e n c y ,  compared w i t h  t h a t  o f  any  o t h e r  

k i n d  o f  o s c i l l a t o r ,  i s  e x t r e m e l y  s t a b l e .  The  a t o m i c - o s c i l l a t o r  

f r e q u e n c y  is  c o n v e r t e d  t o  10 .2  kHz a n d ,  a f t e r  a m p l i f i c a t i o n ,  i s  

s u p p l i e d  t o  t h e  t r a n s m i t t i n g  a e r i a l .  

E q u i p p i n g  e a c h  OMEGA t r a n s m i t t e r  w i t h  s u c h  a n  a t o m i c  

o s c i l l a t o r  e n s u r e s  t h a t  t h e  d i f f e r e n c e  i n  p h a s e  be tween  t h e  

a e r i a l  c u r r e n t s  r e m a i n s  c o n s t a n t  f o r  a l o n g  t i m e .  The  d e v i a t i o n  

o f  t h e  o s c i l l a t o r  f r e q u e n c y  i s  o n l y  a few c y c l e s  i n  1 0 ' ~ .  

N e v e r t h e l e s s  t h e  s l i g h t e s t  d e v i a t i o n  i n  t h e  p h a s e  o f  a  

t r a n s m i t t i n g  a e r i a l  c u r r e n t  is  c o r r e c t e d .  

The  OMEGA s y s t e m  c o n s i s t s  o f  e i g h t  VLF t r a n s m i t t i n g  s t a t i o n s  

e a c h  r a d i a t i n g  1 0  k i l o w a t t s  o f  power,  w i t h  a n  a v e r a g e  s e p a r a t i o n  

be tween  s t a t i o n s  o f  a b o u t  5000 n a u t i c a l  miles. Each s t a t i o n  

t r a n s m i t s ,  i n  t i m e  s e q u e n c e ,  t h r e e  f r e q u e n c i e s ,  a p p r o x i m a t e l y  

10 .2  kHz, 11 .33  kHz, and 13 .6  kHz, t h a t  a r e  h a r m o n i c a l l y  r e l a t e d  



t o  a  p r e c i s e  f r e q u e n c y  s t a n d a r d .  The OMEGA t r a n s m i s s i o n  f o r m a t  
*,. e n t a i l s  a  t h r e e  f r e q u e n c y ,  s e q u e n t i a l  t r a n s m i s s i o n  from e a c h  o f  

t h e  e i g h t  s t a t i o n s ,  t h e  t o t a l  s y s t e m  p e r i o d  b e i n g  10  s e c o n d s .  

.. . Measurement  a t  t h e  r e c e i v e r  o f  p h a s e  d i f f e r e n c e  between 

t r a n s m i s s i o n s  from any t w o  s t a t i o n s  y i e l d s  a  h y p e r b o l i c  l i n e  of  

- p o s i t i o n  ( ' i s o ~ h a s e  c o n t o u r )  f o c u s e d  on  t h e  p o s i t i o n s  o f  t h e  t w o  

t r a n s m i t t i n g  s t a t i o n s .  TWO l i n e s  o f  p o s i t i o n  ( L O P ' S )  ( i s o p h a s e  

- c o n t o u r s )  a r e  g e n e r a t e d  by t h e  p h a s e  d i f f e r e n c e s  be tween t w o  

t r a n s m i t t e r  p a i r s .  The p o s i t i o n  of  t h e  r e c e i v e r  is e s t a b l i s h e d  

by t h e  i n t e r s e c t i o n  o f  t h e s e  c o n s t a n t  p h a s e  d i f f e r e n c e  c o n t o u r s .  ."- 

S y s t e m  Accuracy  

The waveguide  ( skywave)  mode o f  p r o p a g a t i o n  i s  employed d u e  

t o  t h e  o p e r a t i n g  f r e q u e n c i e s  of t h e  s y s t e m .  S i n c e  one  boundary 

( t h e  i o n o s p h e r e )  o f  t h e  waveguide  v a r i e s  d i u r n a l l y  and 

s e a s o n a l l y ,  i t  is n e c e s s a r y  to  c o r r e c t  f o r  t h e  v a r i a t i o n  i n  

p r o p a g a t i o n  p h a s e  v e l o c i t y  c a u s e d  by t h i s  s h i f t ,  e i t h e r  manual ly  

by u s i n g  t a b l e s ,  or  w i t h  a  pre-programmed computer .  The d i u r n a l  

e f f e c t s  a r e  c u r r e n t l y  p r e d i c t e d  and  p u b l i s h e d  by t h e  Naval  

O c e a n o g r a p h i c  O f f i c e  f o r  t h e  a r e a s  c o v e r e d .  Such p r e d i c t i o n s  a r e  

b a s e d  b o t h  on  t h e o r e t i c a l  and  m o n i t o r e d  i n f o r m a t i o n  a n d  a r e  t h e  

m a j o r  s o u r c e  of  t h e  s y s t e m ' s  i n a c c u r a c y .  I n  a d d i t i o n ,  t h e r e  a r e  

u n p r e d i c t a b l e  p r o p a g a t i o n  a n o m a l i e s  which a f f e c t  t h e  a c c u r a c y  of  

t h e  measu remen t s  and f o r  which t h e r e  is n o  s u i t a b l e  warn ing  

s y s t e m  y e t  d e v e l o p e d .  System a c c u r a c y  is e s t i m a t e d  by t h e  

d e v e l o p e r  t o  b e  1 t o  2 NM 95% of  t h e  t i m e .  

T h e r e  a r e  some majo r  a m b i g u i t i e s  i n  t h e  o p e r a t i o n  o f  t h e  

OMEGA s y s t e m .  R e c e i v e r  mot ion  c a u s e s  t h e  p h a s e  a n g l e  d i f f e r e n c e  

r e a d i n g  t o  change .  T h e r e f o r e ,  when t h e  r e c e i v e r  moves a  d i s t a n c e  

e q u a l  t o  one -ha l f  wave leng th  of a n  OMEGA f r e q u e n c y ,  t h e  p h a s e  

d i f f e r e n c e  r e a d i n g  c h a n g e s  by o n e  c y c l e  ( 3 6 0  e l e c t r i c a l  d e g r e e s ) .  

The  LOP'S s e p a r a t e d  by o n e  c y c l e  d e f i n e  a l a n e ;  t h e  d i f f e r e n c e  

measu remen t s  o f  which a r e  r e p e t i t i v e  from l a n e  t o  l a n e  l e a d i n g  t o  

a m b i g u i t i e s  i n  p o s i t i o n  d e t e r m i n a t i o n  t h a t  mus t  b e  r e s o l v e d .  The 



b a s i c  n a v i g a t i o n  f r e q u e n c y  i s  10 .2  kHz r e s u l t i n g  i n  a  c y c l i c  

a m b i g u i t y  o f  8 NM o n  t h e  b a s e l i n e  be tween  t h e  t w o  t r a n s m i t t i n g  

s t a t i o n s .  Hence ,  t h e  b a s i c  " l a n e "  is 8 m i l e s  wide.  R e s o l u t i o n  o f  

t h i s  a m b i g u i t y  is a c c o m p l i s e d  e i t h e r  by c o n t i n o u s l y  c o u n t i n g  t h e  

l a n e  bounda ry  c r o s s i n g s  ( l a n e  i n t e g r a t i o n )  or by c o n c u r r e n t  

measu remen t  o f  p h a s e  d i f f e r e n c e  a t  t h e  t w o  " r e s o l u t i o n "  

f r e q u e n c i e s  13 .6  kHz and  11 .33  kHz. D i f f e r e n c i n g  t h e  

" r e s o l u t i o n "  f r e q u e n c i e s  w i t h  t h e  n a v i g a t i o n  f r e q u e n c y  y i e l d s  

s u c c e s s i v e  l a n e  w i d t h s  o f  24 NM ( 3 . 4  kHz)  a n d  7 2  NM (1 .33  kHz) .  

I n  t h e  a b s e n c e  o f  a n  a u t o m a t i c  l a n e  c o u n t ,  a  u s e r  t h e r e f o r e  m u s t  

know h i s  p o s i t i o n  p l u s  or  minus  72  NM t o  r e s o l v e  t h e  r e m a i n i n g  

ambigu i t y  . 
S h o u l d  t h e  s y s t e m  e v e r  g o  down, o n e  m u s t  know h i s  p o s i t i o n  

r e l a t i v e l y  a c c u r a t e l y  i n  o r d e r  t o  p r o p e r l y  i n i t i a t e  t h e  s y s t e m .  

A s  a l r e a d y  m e n t i o n e d  i n  Appendix C ,  c o m b i n a t i o n  s y s t e m s  d o  e x i s t .  

One o f  t h e  more p o p u l a r  c o m b i n a t i o n s  is  OMEGA/TRANSIT. The  

p e r f o r m a n c e  o f  t h e  i n t e g r a t e d  s y s t e m  is s u p e r i o r  t o  t h a t  o f  

e i t h e r  or  b o t h  o f  i t s  component  s y s t e m s  o p e r a t i n g  s e p a r a t e l y .  I t  

c o m b i n e s  t h e  c o n t i n u o u s - f i x  c a p a b i l i t y  o f  OMEGA w i t h  t h e  

p e r i o d i c - f i x  a c c u r a c y  and  a l l - w e a t h e r  d e p e n d a b i l i t y  o f  t h e  

TRANSIT s a t e l l i t e  s y s t e m ,  and  c o n t i n u o u s l y  m a i n t a i n s r e d u n d a n t  

n a v i g a t i o n  p o s i t i o n s  d e r i v e d  f rom t w o  i n d e p e n d e n t  r e f e r e n c e s ,  

a l e r t i n g  t h e  o p e r a t o r  i f  t h e r e  i s  a  s i g n i f i c a n t  d i s c r e p a n c y  

be tween  them. 

The s y s t e m  employs  t h e  a c c u r a t e  s a t e l l i t e  f i x  a s  a  p o s i t i o n  

r e f e r e n c e  to  c a l i b r a t e  t h e  c a l c u l a t e d  OMEGA skywave c o r r e c t i o n  

v a l u e s .  T h i s  p r o c e d u r e  p r o v i d e s  a  s u b s t a n t i a l  improvement  i n  

OMEGA n a v i g a t i o n  a c c u r a c y  d u r i n g  l ong - t e rm i o n o s p h e r i c  

d i s t r u b a n c e s  and  p o l a r  c a p  a n o m a l i e s .  

The n a v i g a t o r  t h u s  h a s  t h e  a d v a n t a g e  o f  h i g h - a c c u r a c y  

p e r i o d i c  s a t e l l i t e  p o s i t i o n  f i x e s ,  p r o v i d i n g  c o r r e c t i o n s  f o r  t h e  

v a r i a b l e  OMEGA s y s t e m  b i a s e s  and  c h e c k i n g  t h e  l a n e  c o u n t ,  and  

a l s o  o f  OMEGA-improved p o s i t i o n  d a t a  d u r i n g  t h e  i n t e r v a l s  be tween  

s a t e l l i t e  f i x e s .  



OMEGA C h a r t s  

OMEGA c h a r t s  a r e  p u b l i s h e d  by t h e  U . S .  Nava l  Oceanograph ic  

o f f i c e ;  a  s e c t i o n  o f  o n e  o f  them c o v e r i n g  p a r t  o f  t h e  waters o f  

Papua-New G u i n e a  is shown i n  F i g u r e  D-1.  The c h a r t s  show o n l y  

o n e  i n  t h r e e  o f  t h e  OMEGA l i n e s ;  e a c h  o f  t h o s e  shown i s  marked 

w i t h  a l a n e  number ( t h e  c e n t e r  l i n e  i s  a l w a y s  900), and one  i n  

t h r e e  of t h o s e  shown is a l s o  marked w i t h  t h e  l e t t e r s  o f  t h e  

s t a t i o n - p a i r .  The  l i n e s  a p p l y i n g  t o  t h e  v a r i o u s  s t a t i o n - p a i r s  

a re  p r i n t e d  i n  d i f f e r e n t  colors,  and  n o  c h a r t  shows t h e  l i n e s  f o r  

more t h a n  f o u r  s t a t i o n - p a i r s .  

Advantages  a n d  D i s a d v a n t a g e s  - o f  OMEGA 

Comparing OMEGA w i t h  o t h e r  h y p e r b o l i c  s y s t e m s ,  t h e  f o l l o w i n g  

p o i n t s  a r e  t o  t h e  a d v a n t a g e  o f  OMEGA: 

1. It  c a n  b e  u s e d  a l l  o v e r  t h e  w o r l d  o n  l a n d  and  s e a ,  and 
below t h e  sea, so c h a n g i n g  d u r i n g  t h e  voyage or  f l i g h t  
f rom o n e  s y s t e m  t o  a n o t h e r  i s  n o t  n e c e s s a r y .  Of c o u r s e  
o n e  h a s  t o  change  f rom o n e  p a i r  o f  s t a t i o n s  t o  a n o t h e r ,  
b u t  t h e r e  i s  no  b r e a k  i n  t h e  p o s i t i o n  f i x i n g .  

2 .  A l l  t h e  s t a t i o n s  t o g e t h e r  make u s e  o f  o n l y  t h r e e  
f r e q u e n c i e s ,  i n  a  f r e q u e n c y  band t h a t  i s  u s e d  by o n l y  a  
s m a l l  number o f  t r a n s m i t t i n g  s t a t i o n s .  

3 .  I n  t h e  f u t u r e ,  a t  e v e r y  l o c a t i o n  i n  t h e  wor ld  t h e  number 
o f  r e c e i v a b l e  s t a t i o n - p a i r s  w i l l  b e  s u f f i c i e n t  t o  
p r o v i d e  LOP'S w i t h  a  good i n t e r s e c t i o n  a n g l e .  

4 .  Accuracy  w i l l  p r o b a b l y  b e  improved i n  t h e  f u t u r e  a s  a 
r e s u l t  o f  b e t t e r  p r e d i c t i o n s  o f  skywave c o r r e c t i o n s .  

5 .  The  r e l a t i v e  a c c u r a c y ,  i m p o r t a n t  f o r  some a p p l i c a t i o n s ,  
i s  r e a s o n a b l y  good. 

6 .  The u s e r  d o e s  n o t  c o n t r i b u t e  t o  t h e  cost  o f  t h e  sys t em.  

On t h e  o t h e r  hand ,  t h e r e  a r e  t h e  f o l l o w i n g  d i s a d v a n t a g e s :  

1. The a b s o l u t e  a c c u r a c y  i s ,  a t  p r e s e n t ,  n o t  so good. 

2 .  T h e r e  i s  t h e  p o s s i b i l i t y  o f  l a n e  s l i p .  





3 .  I n  g e n e r a l  f o u r  s t a t i o n s  a re  r e q u i r e d  f o r  a  p o s i t i o n  
f i x ,  so o n e  h a s  t o  l o o k  u p  f o u r  skywave c o r r e c t i o n s  and  
a p p l y  them. 

4. I t  i s  d i f f i c u l t  t o  i d e n t i f y  t h e  s t a t i o n s ,  e s p e c i a l l y  i n  
c e r t a i n  areas.  

5 .  A t  d i s t a n c e s  s h o r t e r  t h a n  6 5 0  m i l e s  f r o m  a t r a n s m i t t e r  
t h e  a c c u r a c y  c a n  b e  less t h a n  a t  l o n g e r  d i s t a n c e s .  

OMEGA U s e r  Equ ipmen t  

I t  is e s t i m a t e d  t h a t  t h e r e  a r e  some 20 c o m p a n i e s  o f f e r i n g  

r e c e i v e r s  f o r  u s e  w i t h  OMEGA. U n i t  p r i c k s  of $4 ,000  - $10 ,000  
m .  

a re  b e i n g  a s k e d  f o r  t h e  s h i p b o a r d  r e c e i v e r .  B r o c h u r e s  f o r  t w o  

s u c h  s y s t e m s  a re  i n c l u d e d  a t  t h e  e n d  o f  t h i s  Appendix .  A - 
r e p r e s e n t a t i v e  c o m b i n a t i o n  s y s t e m ,  t h e  Magnavox MX1105 

Sa te l l i t e /OMEGA N a v i g a t o r ,  costs a p p r o x i m a t e l y  $20 ,000  - $25 ,000 .  
- I t s  b r o c h u r e  i s  a l s o  i n c l u d e d .  



- OMEGA SIGNAL MONITOR 
-2.. 

SYSTEM 



CRT DISPLAY 

\ 
EXTERNAL 
HOUSING 

~- ..-*- .,,-.-. .- 
ADAPTER AVAILABLE ENTERS THE VALUES DECIMAL POINT 

FOR INPUT 
CLEARS INPUT 

SHOWN ON THE INPUT 
NUMBERS 

LINE OF DIWLAY 
LINE OF THE OISPU* RESETS SYSTEM 
INTO THE SYSTEM 

- 

MAGNAVOX MX-1104 OMEGA MONITOR 

-'"- UNIQUEFEATURES 

-. 
ALL SOLID STATE CONSTRUCTION -FEATURING MSI AND LSI. 

ALL OPERATOR CONTROLS CONTAINED ON SINGLE KEY BOARD. 

.. - COMPREHENSIVE SELF TEST - PROVIDING CHECKS AND CALIBRATION OF VIRTUALLY ALL FUNCTIONS. 

OPERATOR SELECTABLE TIME CONSTANTS FOR INCREASED TRACKING CAPABILITY. 

RUGGED CAST CONSTRUCTION - ENSURING DEPENDABLE OPERATION IN A MARINE ENVIRONMENT. 
-. 

Thesefeaturescombined with the convenient manlmachine interface provided by the Keyboard and CRT. makethe MX-1104the 
most advanced, yet most reliable monitor system available. 

-,- 
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OPERATION 
The MX-1104 is a microprocessor controlled, three frequency OMEGA receiver configured to provide 
comprehensive automatic OMEGA Signal monitoring and recording. This capability is obtained 
through the extensive use of LSI microprocessor techniques and Magnavox generated software. The 
MX-1104, receives thesignals transmitted from the eight OMEGAtransmitting stations at frequencies 
of 10.2 kHz, 11.33 kHz, and 13.6 kHz. The data obtained is then processed and the system: 

PROVIDES AUTOMATIC PHASE SYNCHRONIZATION AND TRACKING OF ALL THREE 
FREQUENCIES AND ALL 8 STATIONS (A TOTAL OF 24 PHASE LOCKED LOOPS). 

MONITORS AND DISPLAYS PHASE AND SlGNALlNOlSE CHARACTERISTICS OF ALL 
STATIONS ON 10.2 kHz, 11.33 kHz and 13.6 kHz. COMPUTES AND DISPLAYS PHASE 
DEVIATION. 

a MEASURES PHASE WITH RESPECTTO INTERNAL REFERENCE, EXTERNAL REF~RENCE, 
OR ANOTHER OMEGA STATION AS SELECTED BY OPERATOR. 

PROVIDES FOR SYNCHRONIZATION TO AN HP 5061A (OR EQUIVALENT) FOR ONE WAY 
PHASE MONITORING WlTH AN INSTRUMENTATION PRECISION OF 100 NANOSEC. 

PROVIDES DIGITAL OUTPUTS OF PHASE AND SIGNAL NOISE CHARACTERISTICS FOR 
RECORDING ON PAPER TAPE. 

INTERFACES WlTH UP TO 8 ANALOG RECORDERS TO PROVIDE ACCURATE ANALOG 
PLOTTING OF PHASE AND SIGNALINOISE. 

PROVIDES AUTOMA'TIC SELF-TEST AND CALIBRATION INCLUDING CONTINUOUS 
MEASUREMENT OF RECEIVER PHASE DELAY TO ALLOW ACCURATE ONE WAY PHASE 
MONITORING. 

OPERATES FROM A VARIETY OF POWER SOURCES: 

AC - 10511 1511 25121 01230V ? 15% 47 - 420 HZ, 
DC - INTERNAL OR EXTERNAL BATTERY (12124 VDC) WlTH AUTOMATIC POWER 

TRANSFER. 

THESYSTEM IS ALSOCONFIGUREDTO PROVIDE THE FOLLOWING OPTIONALCAPABILITIES WlTH 
"PLUG IN" ASSEMBLIES. 

ACCURATE POSITION FIXING AND RECORDING USING THE NAVY NAVIGATION 
STATELLITES. (ACCURACIES OF BETTER THAN 30 METERS OBTAINABLE.) [2 CARDS 
PLUS M.EMORY CHANGE.] 

REMOTE CONTROL (BOTH INTERROGATION AND COMMAND). [I CARD PLUS MEMORY 
CHANGE.] 



MX-1104 SPECIFICATIONS 
OPERATIONAL 

- . ,. Frequency: Recelves 10.2 kHz. 11.33 kHz and 13.6 kHz 

Sensitivity: Limlted only by atmospheric noise 

Receiver Noise: Less than 0.1 u v l m l f i  - 
Dynamic Range: 

Phase Resolution: 

-",,a 
Phase Measurement 

Time Constant. 

Synchronization: 

Tracking: 

One Way Phase 
Measurement: 

-..* 
Frequency Reference: 

Data Display: 

Data Output Available: 

Data Recording: 

-- 

Power Requirements: 

PHYSICAL 
-.- 

Antenna: 

Receiver: 

v .. 
ENVIRONMENTAL 

Operating - > Temperature: 

Humidity: 

Vibration: - - 
PLUG-IN OPTIONS 

Position Fixing: 
.. . 

Remote Operation: 

120 dB 

Better than 100 nanoseconds 

Operator selectable. 1.0 m in  to  5.0 min r 10% 

Automatic 

Automatic for all OMEGA stations; frequencies of 10.2, 11.33, 
13.6 kHz (24-phase locked tracking loops) 

Instrumentation precision of 100 nanoseconds 

5 MHz ~nternal  reference with aging rate of less than 2 parts 
in log per day, provision for external 5 MHz standard. -. , ' 
CRT with monitor data displayed as requested by \!.-.... ---- 
operator through keyboard. 

GMT, date, station phase with respect to  reference, station 
1 

phase with respect to selected stations, signalinoise indication. 
&.' ! \,, ,, I/ 

phase deviat~on, system status (self-test). Selected time constant. 
selected recording interval. 

/ '. - I  ; I 
All output data is available in a digital format for 
recording on  an external paper tape recorder. Signal phase and 
signallnoise parameters are also available for recording on  
u p  to eight analog recorders. 

AC 10511 15112512101230~ + 10% - selectable, 4 7 - 4 2 0  Hz DC 
internal or external battery ( + I 2  vdc) with automatic power 
transfer. 

Single section 8 foot whip with active coupler 

Height 11.2" (28.4 cm), width 14.5" (36.8 cm), 
depth 12.7" (32.3 cm), weight 58 Ibs (26 kg]. 

Receiver 0-50°C. antennalcoupler -54 to +65"C. 

95%. 

Meets or exceeds requirements of MIL-STD.167 Type 1. 

Accuracies of 30 meters, using Navy Navigation Satellites - 
3 plug-in assemblies. 

Interrogation and command remote control 
2 plug-in assemblies. 

Magnavox reserves the rlghl l o  make changes In produn spec~f~cal~onr w~thoul notlce 

Magnavox / advanced products division 
MARINE SYSTEMS OPERATIONS 

2 8 2 9  M A R I C O P A  S T R E E T  T O R R A N C E .  C A L I F O R N I A  
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Model 231 

The Tracor Model  231 Computerized Omega System 
is a stand-alone, fully automatic system which  pro- 
vides complete latitude and longitude information 
wi thout  requiring operator intervention. The Mode l  
231 consists of the Tracor Omega Navigator ll and a 
Programmable Calculator. 

Following a brief initialization procedure i n  port, 
o r  at another known location, the system continues 
to  keep track o f  latitude and longitude, so long as sig- 
nals are received. If an Omega transmitter should go 
d o w n  ior  a period of time, the Model  231 automat- 
ically reverts t o  dead reckoning. This can be  based 
o n  recently calculated rates derived from Omega 
reception, operator keyboard input, o r  a digital 
course and speed interface which can be specially 
ordered as an additional option. 

The Model  231 performs the propagation correc- 

t ion calculation which relieves: the navigator of the 
tedious task of looking u p  {and applying these 
skywave corrections. The latitude and longitude 
calculation gives a more accurate result than can be  
achieved by plotting o n  a standard Omega chart. 

The system also operates using the 13.6 kHz 
Omega transmissions as well as those at 10.2 kHz. 
This can be important i n  area: of weak reception 
where the 13.6 kHz signal-to-ndise ratio is often 6-10 
dB better than the 10.2 kHz ratio. When the Omega 
Navigator II is switched for 3.4 kHz operation, the 
calculator automatically prints out  lane verification 
numbers. Daily use of this procedure virtually in-  
sures against a lane skippage, even if a transmitter is 
d o w n  for several hours. 

All information is provided o n  a hard copy print- 
out, giving a permanent record'for history purposes. 

BEST AVAILABLE CDPY ' --- - D-11 
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Features 
Latitude-longitude readout is computed  auto- 
matically. . .more accurate than that achieved b y  
manual !) lott ing o n  a standard Omega chart. 

The M o d e l  231 performs the propagat ion correc-' 
t i on  calculation. . .relieving the navigator f rom 
having t o  work  w i t h  three o r  mo re  skywave cor-'. 
rect ion tables and applying the correct ions found  
i n  each. 

The system automatically reverts t o  dead reckon- 
ing  i f  an Omega transmitter is down .  . .thus con-  
t inu ing accurate navigation un t i l  the  Omega 
system is again intact. 

Unat tended operation is standard w i t h  naviga- 
t i on  data presented at whatever t ime interval is 
desired. . .freeing personnel for other bridge or 
shipboard d u t i s .  

The calculator is available for other shipboard 
computations. . .praviding a powerful ,  useful 
capabil i ty for any desired calculations. 

A pr in tout  o f  distance and  bearing t o  any one of  
several way points is available o n  operator com-  
mand. . .again, the k i nd  o f  valuable information 
w h i c h  can help opt imize any voyage. 

13.6 kHz and  3.4 kHz operation is opt ional ly 
available. . .giving more reliable tracking i n  areas 
of  weak reception. 

N e w  l i n e s  o f  p o s i t i o n  (LOP'S)  are eas i ly  
substituted. . .making area and  chart transitions 
trouble-free. 

The fo l lowing information is alai lable f rom the 
Mode l  231 o n  command:  

Present t ime and  posit ion. 
The expected receiver reading for a th i rd  
Omega l ine of posit ion. 
Distance and bearing t o  selected way 
points. 

Standby power  supply for calculator is available as 
an  opt ion. 

Technical data 
Tektronix Model 31 Calculator 

Physical Power Environmental  
We~gh t :  32 lbs; 14.5 kg 11 01220 VAC 2 10% Operat ing Temperature: 0°C tb 50°C 
Height: 7.9 ins; 20 c m  48 to  66 Hz Non-Operat ing Temperature: -55°C t o  75°C 
Width:  14.3 ins; 36 c m  
Length: 20.5 ins; 52 c m  

- .  

Your authorized Tracor representative: 
-" 

- .* Tracor Instruments Tracer. lnc. 6500 Tracor Lane Austm. Texas 78721 Telephone 512 926 2 8 ~  
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MODEL ESZ-1001 

The ESZ-1001 meets the highest standards for precision and ruggedness in marine electronic 

equipment. The system is intended for use as an all-weather global navigation aid, using signals 

from the international Omega network. 

The system's 0.1 CEC resolution (about 15 meters) and exceptional tracking stability permit i ts 

effective use for other navigation functions such as: (a) accurate calculation of true ship's speed, 

(b) high-accuracy coastal navigation i n  areas where Alpha-Omega or  automatic differential Omega 

coverage is available, and (c) optimum integration with other navigation sensors such as Nav-Sat 

or inertial. Operational simplicity and ease of maintenance are other key features of the system. 

FEATURES 
0.1 CEC Resolution - Permits accurate measurement of true ship's speed and provides 50 foot position sensi- 
tivity for high-accuracy Alpha-Omega or automatic differential Omega operation, ten times more resolution than 
any other Omega receiver available. 

4 LOPs/Parallel Processing - 8 separate tracking loops provide 4 independent lines-of-position. With parallel 
processing, an electronic failure will almost always affect only one LOP. . Tracking Capability - Proprietary tracking techniques are used to achieve stable tracking of extremely weak 
signals. 

; Automatic Synchronization - With manual back-up mode. 

Modularity - Almost all repairs can be made by replacing a functional plug-in module. In most cases fault 
isolation to the module level can be done without external test equipment. 

Signal-to-Noise Monitor - Provides audible and visible warnings if a station goes off the air or becomes too 
weak for optimum tracking. Front panel speaker and phone jack are provided for direct assessment of Omega 
signal quality. 

Reserve Power Supply - Internal battery provides uninterrupted operation during external power outages. An 
alarm alerts the operator when reserve power is in  use. 

BCD and Incremental Outputs - Available as options. 

Warranty - 3 years (For details, see Warranty Statement.] 
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Lf<,+-i p-J;.:q . - 
System Performance - ... . - . . ._ -~ ___- ~. -~ . ~ 

Readout Resolution 0.001 lane (0.1 CEC) (approximately 15 meters) 

Operating Frequency 10.2 kHz 

Synchronization Fully automatic wi th manual backup mode. 

Warm-up Time Zero 

Number of Tracking Channels 8 (4 independent lines of position) 

Receiver Characteristics 
Sensitivity 0.03 microvolt 

Input  Signal Dynamic Range 
(A1 Total 90 d b  
(B)  Relative 60 d b  

Adjacent Channel Rejection 80 d b  

Size 

ESZ-1001/S 19.75 x 9.75 x 18 inches - (502 x 248 x 457 m m )  
ESZ-1001 19.75 x 6.25 x 18 inches - (502 x 159 x 457 m m )  
Either unit can be removed from case for mount ing 
i n  a standard 19-inch rack. 

Weight ---- - 
30 Ib  (13.6 kg) 

Power --- -- - -- 
Primary 105-125 volts AC/47-440 H z  or 210-240 volts AC/4:-440 Hz, 60 watts 

Reserve Battery pack, wi th automalic power transfer 

Ambient Temperature Range 
O°C to + 50°C 
(Antenna Coupler: -30°C to 7O0C) 

Antenna and Coupler ----- - . -a .-.- 

Whip  antenna, environmentally sealed coupler, cable, connectors 
and mount ing hardware are provided wi th each system. 

Omnitrack Display 
Time Standard for Circular (Rho-Rho) Operation 
Data Printer 
Magnetic Tape or Paper-Punch Recorder 
4-Channel Strip Chart Recorder (Included wi th ESZ-1001/S) 

Further information on the ESZ-1001 is contained in the paper, "Automated Navigation for the Coastal and 
Harbor Entrance Zones - An Omega-Compatible Approach", presented at the 1974 RTCM Assembly 
Meeting. A copy will be sent on your request. 

-- . 
: - - " ~ .  .-- r .  

i s  . 408 Industry Drive Hampton, VA, 23661, U.S.A. 
! . . L !- -- -- - .-. -. .~ -..- ~ - - >  . Phone: (804) 838-4115 Telex: 82-3653 (NAVIDYNE HAMP] 
a C' ;;:cc ' T I O N  -~.: -. 
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Magnavox 
MX 1105 

Satellitel Omega 
Navigator 

-- 
Complete, Accurate, Integrated Navigation Information Anywhere, In Any Weather, At Any Hour 
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Satellite-Omega Integration Gives You The Best of Two Navigation Worlds 
The Magnavox MX 1105 

Satellite/Omega Navigator inte- 
grates the complementary 
capabilities of the worldwide 
Transit and Omega positioning 
systems in one compact, 
easily-operated instrument. 

The performance of the inte- 
grated system is superior to that 
of either or both of its component 
systems operating separately, 
because the MX 1 105: 

combines the continuous-fix 
capability of Omega with the 
periodic-fix accuracy and all 
weather dependability of the 
Transit satel ite system, and 

U continuously maintains re- 
dundant navigation positions 
derived from two inde~en- 
dent references, alerting the 
operator if there is a signifi- 
cant discrepancy between 
them. 
The navigator thus has the 

advantage of high-accuracy 
periodic satellite position fixes, 
providing corrections for the 
variable Omega system biases 
and checking the lane count, 
and also of Omega-improved 
position data during the intervals 
between satellite fixes. 

Two Superior Systems 
In One Compact Unit 

The MX 1105 combines the 
technologies of the instrument 
that has become the world's 
standard satellite navigator - 
the MX 11 02 - and the official 
U.S. Coast Guard Omega 
Monitor - the MX 1104. Large 
numbers of both of these Mag- 
navox systems have been in the 
field since 1976, wi'th perfor- 
mance and reliability exceeding 
the most optimistic predictions. 

In one of its two operating 
modes, the MX 1105 functions as 
a satellite navigation instrument, 

utilizing capabilities inherited di- 
rectly from the MX 1102 Satellite 
Navigator. Simultaneously, its 
second mode of operation is as 
an integrated satellite/Omega 
system, capable of deriving both 
Transit and Omega position 
fixes, and navigating with speed, 
heading and Omega inputs be- 
tween satellite updates. 

The MX 1105 can also be 
operated as a stand-alone 

@ Copyr~gM 1978 Magnavox Governmenl 8 Industrial Eleclron~cs Co 

Omega navigator. 

The Satellite Navigator 
The MX 1105 automatically 

receives and processes precise 
time and position data trans- 
mitted on the Transit satellite 
400 MHz channel. This informa- 
tion is integrated with speed and 
heading inputs from shipboard 
sensors to determine the ves- 
sel's position within 0.1 nmi (nom- 
inal). The system employs speed 
and heading inputs for dead 
reckoning between satellite 
passes, which occur every 30 to 
110 minutes, on the average, 
depending on latitude. 

Improved Automatic Omega 
MX 1105 Omega operation is 

also entirely automatic, eliminat- 
ing the need for special charts, 
plotting or correction tables. 

The system's powerful micro- 
computer provides for automatic 
synchronization and tracking of 
all available Omega stations on 
the 10.2 kHz, 11.33 kHz, and 
13.6 kHz frequencies. It converts 
phase data from the three fre- 
quencies - received from all 
available Omega stations - to 
compute set, drift and position. 
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Integrated Operation 
The integration of Satnav and 

Omega makes possible the 
unique "pseudo-differential 
Omega" technique, in which the 
microprocessor employs the ac- 
curate satellite fix as a position 
reference to calibrate the calcu- 
lated Omega skywave correction 
values. This procedure provides 
a substantial improvement in 
Omega navigation accuracy dur- 
ing long-term ionospheric dis- 
turbances and polar cap 
anomalies. 

Both satellite and Omega 
navigation positions are continu- 
ously maintained in the MX 1105, 
and either may be called up for 
display at any time. In addition, 
the range difference between 
the two positions is displayed 
constantly, and the operator is 
alerted by both audio and visual 
signals if the discrepancy be- 
tween the two positions exceeds 
an operator-selectable limit. 
Since the factors that can pro- 
duce a significant error in the 
Omega position do not normally 
affect the accuracy of the satel- 
lite position, and vice versa, 
possession of the two indepen- 
dent solutions provides the 
navigator with valuable data re- 
dundancy. 

Position Fixes 
After each usable satellite 

pass, the MX 1105 automatically 
updates the position to within 
0.10 nmi (nominal) of the true 
position. The navigator may also 
command an automatic three- 
frequency Omega position fix. 

SATNAV DISPLAY OMEGA FIX DISPLAY 

Operating Simplicity 
Navigators can learn to use 

the MX 1105 with an hour or so 
of practice. +There are no com- 
plicated procedures or control 
panels to master. All inputs are 
entered through the keyboard, 
using simple codes listed on the 
front panel. All system outputs 
are displayed in a concise, 
easily-understood format. 

There is no need to load a 
program with the MX 1105. The 
program is permanently built into 
the system hardware. 

The navigator need never 
touch the MX 1105 after initial 
startup so long as normal opera- 
tion continues. 

Navigation data is continu- 
ously displayed, ready for instant 
plotting on any standard marine 
chart with no manual correction. 
Even geoidal height and Omega 
skywave corrections are au- 
tomatically calculated and 
applied. 

The keyboard enables the 
navigator to select and change 
the mode of operation at will, to 
enter manual inputs, and to call 
up desired data for display. 

If operation in only one of the 
two navigation modes is desired, 
the other mode may be ignored. 

Information Display 
The MX 1105 does its work 

automatically, unattended. Once 
initialized, it goes on automati- 
cally acquiring data, updating, 
and displaying all the information 
you need in its most immediately 
usable form. 

The two available navigation 
displays provide: 

Current latitude and lon- 
gitude updated with every 
usable satellite pass. 
Greenwich Mean Time - 
accurate to within 1 second. 
lnput speed - manual or au- 
tomatic. 
lnput heading - manual or 
automatic. 
Elapsed time since last satel- 
lite position update. 
Course and distance to or 
between present location 
and/or multiple waypoints - 
Great Circle or Rhumb Line. 
Range difference between 
Satnav and Omega naviga- 
tion positions. 
In addition, the MX 1105 can 

display a wide range of naviga- 
tion and operational information, 
including: 

Set and Drift (Satellite, man- 
ual, or Omega). 
Heading to steer. 
Total distance run. 
Course made good. 
Speed made good. 
GMT, satellite I.D., and satis- 
factory fix indication of next 
eight satellite passes. 
Omega Status display. 
Maintenance displays. 
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Magnavox MX 1105 SatelliteIOmega Navigator 

Display and 
Panel Bright- 
ness controls1 

Data EntryA 

! 
Enters the ~aluesJ Reverses Sign of 

and Operating Shown on the Input Input Numbers 
Code Infor- Line of the Display 
mat ion Into the System Clears Input 

Line of Display 
Power On-Off, Function Keys 
Switch and Fuses 0 thru 9 for 
Behind Hinged Panel Input of Data 

to System 
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Set and Drift Compensation 

To improve dead-reckoning 
accuracy between satellite fixes, 
two separate set and drift values 
are continuously calculated by 
the system. In the satellite 
operating mode, set and drift is 
automatically calculated at each 
satellite update. Simultaneously, 
in ,the satellite/Omega mode, set 
and drift is automatically and 
continuously calculated, using 
Omega signals. 

Set and drift can also be en- 
tered manually. 

Great Circle or Rhumb 
Line Course 

Upon command, the 
MX 1105 continuously calculates 
and displays the course and dis- 
tance from the ship to any one of 
nine selectable destinations, turn 
points, way stations or obstacle 
locations - anywhere on the 
earth's surface - via either 
Great Circle or Rhumb Line. It 
also displays the gyrocompass 
heading (corrected for gyro er- 
ror, and set and drift) required to 
maintain the desired course. 

In addition, the system can 
display the course and distance 
between any two of the nine 
waypoint positions, permitting 
the navigator to plan future 
course changes. 

Programmed Tracking 
The MX 1105 sets a new 

standard for fully automatic satel- 
lite navigation signal processing. 
As the system tracks each satel- 
lite for the first time after an ini- 
tialization, it stores the orbit data 

and predicts the time of the next 
usable pass. Having acquired 
data from all the satellites, it pre- 
ferentially tunes to the passes 
presenting acceptable elevation 
angles, eliminating satellite 
blocking. 

The result is that the MX 1105 
produces about 10% more us- 
able position fixes than other 
satellite navigation systems. This 
feature can reduce the 
maximum time between fixes 
substantially. 

Multiple Satellite Prediction 
If desired, the MX 1105 can 

provide a display showing the 
rise time, maximum elevation 
angle, satellite number, and 
predicted usability of each of the 
next eight satellite passes. 

Omega Status Display 

which plug inside the chassis 
and accept signals from most 
standard marine gyrocom- 
passes and speed logs may be 
used with the MX 1105. The ap- 
propriate module enables the 
system to monitor the speed 
and/or heading continuously 
and to perform fully automatic 
dead reckoning between satel- 
lite fix updates, or to integrate 
speed and heading data with 
Omega inputs for continuous. 
navigation information. 

Corrections for speed log 
scale factor and gyrocompass 
error may be entered manually. 
The gyrocompass input can be 
synchro, stepper or two-speed 
synchro. Speed can be provided 
by contact closure, pulse train, 
or two-speed synchro signals. 

Automatic Self-Test 

At the navigator's option, an 
Omega status display can be 
selected that provides such in- 
formation as which stations are 
being used for navigation and 
which are not, as well as the 
reason for deselection of those 
not used. 

This is important to keep the 
navigator advised of the overall 
Omega system status at a par- 
ticular location. Reasons for sta- 
tion deselection can include: 

station off the air 
model interference 
low signal-to-noise ratio. 

Automatic Speed and 
Heading Input 

Either of two standard speed 
and heading interface modules 

Approximately every two 
hours, without interrupting nor- 
mal operations, the MX 1105 
conducts an automatic self-test 
of all major functions. At such 
times, the notation "TEST" ap- 
pears on the display, indicating 
test in progress, and disappears 
at the end of the test. 

If an error is detected, the 
notation "ERR" appears on the 
display, with digits or letters iden- 
tifying the most probable defec- 
tive part. In addition, a continu- 
ous check is made of the 
gyrocompass and speed log 
input. 

Self-test also may be initiated 
manually. 

Most repairs can be made in 
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-.. 
minutes on the spot by replacing Antenna1 Preamplifier Units 

Like other compo- 
ents of the system, the 
MX 1105 antenna1 
preamplifier units are 
designed for the rigors -- of the environment in 
which they operate. 
The Transit and 
Omega antenna units 
are ruggedly con- 
structed to withstand 
vibration and temper- 
ature extremes, and 
are sealed against the 

effects of water, sun, 
wind, and salt. 
Both units are of similar 

appearance and construction, 

Emergency Internal Power 
In case of temporary loss of 

external power, the MX 1105 au- 
tomatically switches to internal 
batteries, indicates main power 
failure on the display, and con- 
tinues to operate without inter- 
ruption. The batteries automati- 
cally recharge upon resumption 
of external power. 

the principal difference being 
the lenath of the vertical rod. 
Both m;unt easily to any 
above-deck location affording a 
relatively unobstructed view of 
the horizon. 

Options 
Remote Display Monitor 

One or more remote displays 
may be added to the MX 1105 
system for duplication of the 
main unit display at any desired 
location on the ship. 
Printer 

An optional printer output 
signal can be provided, permit- 
ting a printer to be connected to 
the system in order to provide a 
hard-copy record of the naviga- 
tion information. Magnavox can 

also supply a variety of different 
optional printing devices de- 
pending on the particular needs 
of the customer. 
Alarm Signal 

For vessels with a centralized 
alarm system, an optional alarm 
relay contact output can be pro- 
vided to activate the alarm in 
case the MX 1105 fails a self- 
test, overheats, or loses power. 
Alerts 

The system also provides 
alert signals to call the operator's 
attention to anomalous naviga- 
tion information, deviation from 
selected heading to steer, near 
approach to designated 
waypoints, etc. 
Mounting 

The MX 1105 is desianed for 
easy installation near the 
navigator's chart table. The 
mounting yoke can be rotated to 
provide tabletop, bulkhead, or 
overhead mounting. No junction 
boxes or additional components 
other than the antennalpreamp 
units are required. Installation 
can be accomplished easily dur- 
ing a normal port turnaround 
interval. 
Retrofit Capability 

The MX 1102 and MX 11 12 
Satellite Navigators can be up- 
graded into an MX 1105 
SatelliteIOmega Navigator. The 
upgrade requires the installation 
of an Omega Antennal 
Preamplifier, Omega receiver 
and interface printed circuit 
boards, and an exchange of the 
central processor and memory 
boards. This retrofit can be 
accomplished in less than one 
day at any location in the world. 
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MX 1105 Specifications 
OPERATIONAL - SATNAV 

FREQUENCY 400 MHz Transit satellite channel 
SENSITIVITY -145 d6m 
TUNING Automatic and programmed 
SATELLITE FIX ACCURACY 0.05 nmi, +0.2 nmi per knot of speed error (RMS) 

OPERATIONAL - OMEGA* 
FREQUENCY 10.2 kHz, 11.33 kHz, 13.6 kHz Omega frequencies 
SENSITIVITY Limited only by atmospheric noise 
RECEIVER NOISE Less than 0.1 C L ~ / m d \ / H ~  
DYNAMIC RANGE 120 dB 
SYNCHRONIZATION Automatic 
TRACKING Automatic for all stations, frequencies of 10.2, 11.33, 13.6 kHz 

(24 phase locked loops) 

DATA DISPLAY 

POWER 

CRT with 10 lines of up to 24 alphanumeric characters 
(red color for night visibility) 
10011 151230 VAC +15%, 45 to 440 Hz, single phase, 24 VDC +15%, 
less than 100 watts, internal battery with automatic power transfer 
and re-charge. 

ENVIRONMENTAL 
OPERATING TEMPERATURE 0" to 55°C (Main equipment) 

-25" to 70°C (Antennalpreamplifiers) 
RELATIVE HUMIDITY to 95% at 40°C (Main equipment) 
VENTILATION Intake and exhaust through front panel 

PHYSICAL 
ANTENNA Satellite: 178mm (7 in.) whip 

with ground plane and preamplifier 
Omega: 2.44m (8 ft.) whip 
with active coupler 

RECEIVER (with mounting yoke) Height: 432mm (17 in.) 
Width: 419mm (16.5 in.) 
Depth: 356mm (14 in.) 
Weight: 34 kg (75 Ibs.) 

CABLES Two required (SatNav and Omega) 30 meters supplied 
(Maximum length-60 meters) 

'The U.S. Coast Guard has issued the following caution regarding the Omega System: 
MarinersarewarnedthattheOMEGANavigationSystemisconsidered to bein theexperimentalstage. Changes instationmoff air" periods 
and in station locations will continue to occur. Such occurrences will be promulgated by Notice to Mariners and radio navigational 
warning messages. As the Omega transmitter stationsare upgraded and monitoring of Omega signals accomplished, the navigational 
accuracy of this system will be better established. While accurate position fixes may beobta~nable in some areas, prudent navigation 
dictates that positioning information derived at present from the Omega system should not be relied upon without reference to other 
navigational positioning methods. 

Magnavox reserves the r~ghl to make changes lo 11s products and spec~f~caltons w~lhoul notlce 
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APPENDIX E 

HIGH FREQUENCY SINGLE SIDE BAND RADIO DATA LINK 
(REPRESENTATIVE NINUFACTURER'S INFORMATION) 
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SR-206 and SR-210 

1 Scientific Radio Systems, - - Inc I 

HF SSB TRANSCEIVER 
for Base Station, Mobile 

or Marine Use 

The SR-200 Series of Transceivers represent the 
ultimate in commercial radio communication equip- 
ment. Solid state devices including integrated 
circuits are used in all low level stages and 
throughout except for the power amplifier and the 
receiver front end. For a completely solid state 
receiver section, a modular FET amplifier directly 
replaces the tube as an option. 
Modular plug-in printed wiring board construction 
is used throughout to permit easy service or change 
of channel frequency in the field. 
Circuit design of the SR-200 Series Transceivers 
is such that burn-out due to high receiver input 
voltages or short or open circuits at the transmitter 
output is virtually impossible. 

Modes of operation are A3H, A3J, A3A, CW and 
FSK. In addition A1 and A2 Modes of operation 
are possible as well as F1 and F2. Models are 
available as either simplex or two-frequency sim- 
plex (half duplex). Basically the half duplex equip- 
ment is identical to the simplex except that a 
receive frequency generator module and switching 
module is included and duplex types of channel 
cards are used. Note the designation MS and MD 
are for Type Accepted models for simplex and 
two-frequency simplex. 

Frequency Range 1 6 to  3 0  LlHz 
Up to  1 0  channels 
2 0  F r e q ~ e n c ~ e s  v,~th o ~ t l o n a l  
Frequency Generator 
Power outpu! 1 50  \ve!ts PEF 
1 0 0  watts average 
Half Duplex capeui l~ty a ~ a ~ l a u l e  
Modular constrilc!lon 
B u ~ l t  In FSK Kever Conver~e, O p t ~ o n  
B u ~ l t - l n  Phone Pa!c~l 
(except for Remote 
Rece~ver Front End burn out proof 
Transmitter Immune ro usrnafe f rom 
short or open clrcult 
S o l ~ d  State exceot !cr P A Section 
Modular power suoplles 
AC or DC supp l~es  
Full l lne of accessories 

FCC Type Accepted 
Parts 8 1 ,  8 3 ,  87.  8 9  and 9 1  
Models SR 2 0 6 M S  SR-206?JD 

SR 2 1 O M S  SR-21OMD 

Twenty Frequency operation can be provided by 
including an additional frequency generator module 
and "A1 B" switch option. 

The SR-200 Series Transceivers are designed for 
continuous duty applications at high average power 
wtput including Radio Teletypewriter service and 
facsimile. 
Power output is 150 watts P.E.P. and 100 watts 
average. Power input is 1 151230 volts 47 to 
63 Hz single phase or DC (1 2, 2 4  or 32  volts). 
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DISASSEMBLES - -  I .. - - - -. 

FAST AND EASY 
It is possible to completely dis- 
assemble the SR-200 Trans- 
ceiver in less than one-half hour 
using only one tool -a Phillips 
screw-driver. 

The SR-200 Series Transceivers 
break down into six basic func- 
tional modules. These are: RF 
Amplifier, P.A. Matching Net- 
work, Frequency Generator, IF- 
Audio, Power Supply and Main 
Frame. 

UNIQUE MODULAR 
FEATURES 

Among the unique features of the 
SR-206 and SR-210 Trans- - -  - 
ceivers are plug-in printed wiring 
board options. Among these op- 
tions are a plug-in printed circuit 
board FSK Keyer 1 Converter Mod- 
ule which can be added at any 
time. The FSK Keyerl Converter 
Module i s  available with 2000  
Hz Center Frequency and 2 4 2 5  
Hz Shift. Other Shifts and Center 
Frequencies are available. 
A ~ l u a - i n  board acceots VOX, 
CW' a;d Squelch ~ o d u l e s  while 
the Clarifier Module and Noise 
Limiter Modules plug into the 
Frequency Generator Board and 
IF-Audio Board respectively. 
Power Supplies are plug-in and 
easily removeable. 

AR-236  

TELETYPEWRITER 

KEY ER A N D  

CONVERTER MODULE 
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REMOTE f 
- - - - . . 

CONTROL 
A. SR-1601 REMOTE CONTROL 
B. SR-1602 REMOTE CONTROL 
C. SR-1650L REMOTE CONTROL 
D. SR-1650R REMOTE CONTROL 
. ' 

SR-1601 REMOTE CONTROL 

SR-1 6 0 1  Remote Control i s  a 
multi-conductor remote control 
system for selection of channel, 
mode, an-off, etc., for an AC oper- 
ated SR-206 or SR-2 1 0. The SR- 
1601 consists of the Motor Box 
and the Control Unit. 

SR-1602 REMOTE CONTROL 

The SR-1602 Remote Control is  a 
multi-conductor remote control 
which performs the same functions 
as the SR- 1601, but i t  is used in 
DC mobile or marine applications. 

SR-1650 TELEPHONE LINE 
REMOTE CONTROL 

The SR- 1650 can control an SR- 
2 0 0  Series Transceiver over virtu- 
ally any distance on two telephone 
pair (one pair optional). Control of 
Channel. Mode, and Function is L--- --.---.------- - - -  ' - . - -  -- - - -- -. .... .: -. - --- --+. - . 
provided with Supervisory. 

ANTENNA COUPLER AND ANTENNAS - -  

SR-61 O M  AUTOMAT 'IC ANTENNA COUPLER 

The SR-6 1 OM is a compact 
antenna coupler in a water- 
tight fibreglass case. It is 
designed for very stringent 
environmental condit ions 
such as those encountered 
on ships or vehicles. Maxi- 
mum number of channels is 
1 0  and switching is auto- 
matically programmed by an 

SR-200 Series HF SSB 
Transceiver. The network de- 
sign ensures excellent effi- 
ciency even at the low fre- 
quency range with short an- 
tennas. Frequency range is 
1.6 to 3 0  MHz and antennas 
from 9 ft. whips to 1 5 0  ft. 
long wires can be accom- 
modated. 

SR-61 OM ANTENNA COUPLER 

k:'ITEf!!JA OUTPUT ANTENNAS 
Doublet Antenna Kit 
75  Foot Long Wire Kit 
1 5 0  Foot Long Wire Kit 
Vertical 25 Foot Fibreglass Marine Antenna 
Vertical 1 6  Foot Aluminum Telescoping Whip 
Vertical 3 5  Foot Aluminum Telescoping Whip 
9 Foot Stainless Steel Whip 
Vertical 16 Foot Fibreglass Whip 
Vertical 3 5  Foot Fibreglass Whip 

The SR-200 Series of Transceivers 
can be ordered with separate outpui 
connectors for each channel so that 
dodblet antennas can be used. The 
r:andard Transceivers have a single 
ouiput connector and should be 
used with a broad band antenna or 
the SR-61OM antenna coupler. 
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FREQUENCY RANGE 

SR-206 
SR-2 10 
POWER INPUT 

d : . t  1 0  t. c:,.:; v - , :  

L;I I d  ; 9 c . ! < ; : : P ~ ! L  

2 5 9  :..a:::. i-ii;v:mcm 
1 1 5 i 2 3 0  v o l ! ~ ,  47-63 Hz single phase 
12, 2 4 ,  o: 3 2  vol ls DC 
LSi? iA3Ji,  U T E  (A3J) ,  Compe:.!jle 
AT< (i,3t-<<, Lcui jc id  Carrier (A -?A!  
S s , e ~ : , ' , i t  S!:,e~,t;:i~, Squelcn, Noise L~mi te r ,  
FSi: ric\.r.r: C o n v r  - l c r ,  \:oict C!a,if!e-. 
.. - . .~ . , 

, .  - . . .  , . .  \ -  

: ' . - '  t -  . i  i - - -  L I < .  . . . .. - . , . . , . , , 
,,.: A I L , ~  i ' * 'x  :i" D ~ncl.~c:x: 53-.r.,e! zi;:;-;!.; 

. . 'i ;' 2 '  .; rn -- , .;, L::. i. L 3 ,  ;1 Cry-) . -. L,L  pc;;r~,:L, 2 ; .c I,,<: 

OPERATING MODES 

OPTIONS 

TEMPERATURE RANGE 
SIZE 

WEIGHT 

POWER OUTPUT 
2nd Harmonic 

UNDESIRED SIDEBAND 
CARRiER SUPPRESSION 
INTERMODULATION DISTORTION 
FREQUENCY STABILITY 
OUTPUT IMPEDANCE 
PPC AND ALC 

SENSITIVITY 

FREQUENCY STABILITY 
BANDWIDTH 
ANTENNA IMPEDANCE 
AGC 
CIRCUIT 
AUDIO OUTPUT 

-. ~ . .  
; rlrc::,:,:, - . F  n:icrc.c!:s, i a s t  aq.:;ci: 
Dn:!!~le cor-.:!<,rs~cn supcrhete:od;.nt 
L v+lz:ls ( : : 3 ; ; : .  . E l J  

0 dbm ( E C G  Ohms! 

ACCESSORIES OPTIONS - ACCESSORI ES 
Selectable Sideband Module 
VOX Module 
CW Module 
Squelch Module 
Noise Limiter 
Teletype Keyer and Converter Module 
Blower Kit 
Telegraph Key 
Clarifier 
RF Gain 
Duplex Switching Module 
Duplex Frequency Generator Board 
Bracket Kit 
Shock MountJit 
Teletype Loop Power Supply 

POWER SUPPLIES 
AR-250 AC Power Supply 1 1 51230 volts 

5 0 / 6 0  Hz 
AR-250M AC Power Supply 1 15 volt sine wave or 

Scientific Radio Systems Inc. 
square wave 367 ORCHARD ST. ROCHESTER, N.Y. 14606 1 

AR-260 DC Power Supply 12 or 2 4  volts DC CABLE SIRAD PHONE. (716) 458-3733 + 

AR-280 DC to AC Inverter 12, 2 4  or 32  volts DC - 
use with AR-250M 1 

SEClFlCITIONS SUBlECT TO CHANCE WITHOUT NOTICE -- 
SR-206. 210 (5-77) PRINTED IN U.S.A. 
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C .  i ' Scientific Radio S stems, lnc. 

SELECTIVE 
CALL 

The SR-808 Selective Call un i t  is a digital 
encoderldecoder that  generates call codes for 
paging individual stations or  an entire 
communications net, and decodes and analyzes 
received data t o  determine if a valid code has been 
received. The system uses wide band FSK 
techniques for signal data transmission. Because of 
the digital1FSK signal processing, the SR-808 is 
especially suited to H F  communications, and is no t  
as vulnerable to problems of radio equipment 
frequency instability, atmospheric signal fading, 
man made o r  natural interferences, etc., as tone 
type selective call units. 

; 143 lnd~v~dual  statton calls 

: ' 1 Net call or collective call 

, - 
. Plug-in module boards 

C . All solid state 

1- Buzzer, lamp, and dry 
contacts for received call 

!"- SIZE. 5"H x 7-1'2"!!'1 x 
12"D (Also available for 
19" rack m o ~ n t i n g ~  

: '.'!EIGHT 6 pounds 
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RACK MOUNT VERS\ON OF SR-808 

INPUT FROM RECEIVER 

OUTPUT TO TRANSMITTER 

INPUT POWER 

TEMPE RA'rURE RANGE 

INTERCONNECTIONS TO 
TRANSCEIVER 

FSK TONE FREQUENCIES 

CALL CODE CON FIGURATION 
CALL MESSAGE FORMAT L 

IF'. 
i 

L 

P'  

ERROR COMPENSATION 

FRONT CONTROLS Powcr 0N:OF F ,  Transmi; Cal i ,  
Rec~iite (ca l l !  Res:~!. C::!! ! !-ii:2:~lr, 

Station C211 S ~ l e c t  E~:i ich.~ 

BOTTOM CONTROLS 

CONNECTORS 

Station Code 

Audio Input!Output, Key!ine ( 15 pi:?; 

1. 

Scientific Radio Systems Inc. 
367 ORCHARD ST. m ROCHESTER, N.Y. 14606 
CABLE. SIRAD PHONE (7 16) 458-3733 

SYSTEMS TELEX 978368 1 

i 
*I .. 

P : E A  32 - SAN FRANCISCO CALIFC:; . , A  $;i;~ 

f 1El t rbtCw 14151 a>? ~ J W  

tu 
SR-808 (1 1-73)-- - -- - _ _  

- PRINTED I N  U.S.A. 
--- 
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ANTENNA COUPLERS 

SR-604 BASE STATION AND VEHlCLlLAR 
AUTOMATIC ANTENNA COUPLER 

The SR-604 is a compact antenna tuner housed in a 
spray-tight fiberglass case. The SR-604 is meant for use 
with the SR-204 six channel transceiver for voice or CW 

. communications. Maximum number of channels i s  six 
and switching i s  automatically programmed by an 
SR-204 HF SSB Transceiver. Frequency range is 1.6 to 
30.0 MHz and antennas from 9 ft. whips to 150 ft. long 
wires can be accommodated. 

(= ? - . . ..-A . . .- ... ~ ~ - -  
. . . , '. - -. - ... -. --.- --- -I<---.. - 

"t SR-606MISR-610M MARINE AND 
VEHICULAR ANTENNA COUPLER 

The SRr606M and SR-61OM are compact antenna Lou- 
plers in water-tight fiberglass cases. They are designed 
for very stringent environmental conditions such as 
those encountered on ships or vehicles. Maximum num- 
ber of channels is 10 for the SR-61OM and 6 for the 
SR-606M. Switching is automatically programmed by an 
SR-200 Series HF SSB Transceiver. The network design 
ensures excellent efficiency even at the low frequency 
range with short antennas. Frequency range is 1.6 to 30 
MHz and antennas from 9 ft. whips to 150 ft. long wires 
can be accommodated. 

SR-650A 1 KW ANTENNA COUPLER 

The SR-650A Antenna Coupler is designed to operate 
with the SR-100 Series 1 Kilowatt Linear Amplifier. As 
with the lower power antenna couplers, operation is 
automatic after the initial tune-up. The SR-650A has 
maximum channel capability of 10 channels in the 1.6 
to 30 MHz frequency range. It will operate with 16 ft., 
25 ft., and 35 ft. whips or 75 ft., and 150 ft. long wire 
antennas. An SR-650B version of the antenna tuner is 
available as a 60 ohm to 50 ohm harmonic filter. 

E-7 BEST AVAILABLE COPY 



.a *h*Y-r - _ -  d INPUT IMPEDANCE 50 ohms 
FREQUENCY RANGE 

MAXIMUM NUMBER OF CHANNELS 
POWER HANDLING 

CHANNEL SWITCHING T lME 
SWITCHING METHOD 

CONSTRUCTION 
TYPE OF ANTENNAS 

ENCLOSURE 
SlZE 

WEIGHT 
TEMPERATURE RANGE 

- -  - 

1.6 t o  3 0  MHz 
Six channels 
125 watts PEP 
3 seconds or less 
Open seeking motor drive 
Tapped coil and variable coil 
9, 16, 25, and 35  foot whips 
75 and 150 foot long wires 
Water-tight fiberglass 
9W"H x l l W " W x 4 X " D  
(23.5H x 28.6W x 14.5D cm) 
8 Ibs. (3.6 kg) 
-30°C t o  +60°c 

INPUT IMPEDANCE 
FREQUENCY RANGE 

MAXIMUM NUMBER OF CHANNELS 
POWER HANDLING 

CHANNEL SWITCHING T lME 
SWITCHING METHOD 

CONSTRUCTION 
TYPE OF ANTENNAS 

ENCLOSURE 
SlZE 

WEIGHT 
TEMPERATURE RANGE 

D U A L  OUTPUT 

50 ohms 
1.6 t o  3 0  MHz 
Ten for SR-61OM. 5ix for SR-606M 
150 watts PEP 100 watts Average 
3 seconds or less 
Open seeking motor drive 
Tapped coil and variable coil 
9, 16, 25, and 35  foot whips 
75 and 150 foot long wires 
Water-tight fiberglass 
13X"H x 15X"W x 6"D 
(34.3 c m  x 39.3 c m  x 15.2 cm) 
18 pounds (8.2 kg) 
- 3 0 ' ~  to  + 5 5 ' ~  
Optional'Dual Output for use with two  
different antennas 

INPUT IMPEDANCE 
FREQUENCY RANGE 

M A X I M U M  NUMBER OF CHANNELS 
POWER HANDLING 

CHANNEL SWITCHING T lME 
SWITCHING METHOD 

CONSTRUCTION 
TYPE OF ANTENNAS 

ENCLOSURE 
SlZE 

WEIGHT 
TEMPERATURE RANGE 

SAFETY INTERLOCK 

50 ohms 
1.6 to  30  MHz 
Ten 
1000 watts PEP, 1000 watts Average 
10 seconds maximum 
24 VAC motor-resistor bridge 
Motor driven variable coil 
16, 25, and 35 foot whips 
75 and 150 foot long wires 
Weather-tight metal case 
27"H x 20"W x 12"D 
(68.6 c m  x 50.8 cm x 30.5 cm) 
75 pounds (34 kg) 
-30°c to  + 5 5 ' ~  
When cover is removed over high voltage 
circuits, the Transmitter is automaticallv 
un key ed. 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE 
. . . - - -. - - - -- 

i - - 

Scientific Radio Systems Inc. - r- 367 ORCHARD ST. 8 ROCHESTER, N.Y. 14606 - , , 
E 
l b  CABLE SIRAD PHONE 171 6) 458 3733 

SYSTEMS TELEX 978368 

P 
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CHAPTER I 

I N T R O D U C T I O N  

'rhc 51i-224 is a completely solid-state mol~ilc 'l'riuls- 
~.rlvcr. for high-frcqucncy slrtglc-slclcbimtl operiitior~ 
or1 fwl- c~huutalu. The Trltnscaiver Is n~ountcd irr a 
storage ~ulmpartn~e~lt in Llle vehicle, and clormillly it 
is opc ra t~d  from a cab-rnountcd remote colrtrol unit. 

The SH-224 hus four sl~nulllmeolro 

chrm~rel, wNch may be u s ~ d  to trunsnllt on iury or  he 
,-cr:ei vc c11;uurel f rqucndes .  . 
A comimion Sit-624 Antenna Coupler Unit is nrourrted 
nr the antaarra anrl coritrolled by the Transceiver. The 
Sit-624 provides In~pedance matc:lrirrg or Ll~e iransmit- 
tar si@laJ to r whip antenna, and a multicour~ler In the 
unlr rnuhes the antcnna to the fwr receive channels 
In the Trnnticeiver. 

1.2 SPEC1 PJCATIONS. 

Followfry: are nominal physical w d  electrical speci- 
fications for the radio set. 

<;EN El\ AL. 

Frequency Range 

Iw'r.trlucncy St&i l i ~  1 part lo 106 

C:hanrrel Oscillators - l~idivldual TCXO fur aa:h 
c l ; n ~ e l .  

1)rIt~iilry I-wcr - 

Current Drairi 

@ Voice on orrc sclua:it!cl 
L ' ~ U ~ I ) B I ,  ~ c c ~ : J v L '  i ~ l d  
trunsnrit. 

lteceive 0. 37 A I I I ~ ) ,  'i't-airs- 
mit (full out) 17 Anrp. 

Anlenna Coupler - 6.4311. 
x 15.3HW x 13.251). 8 11,. 

BEST AVAILABLE COPY 

Hard lnourltir~g wi~h brack- 
ets  for Trlulsc~*l VL-I. l hril 
and flanges for Anlullrra 
Coupler Unil. hliry be 
shock mounted for opt.~..c- 
tion under severe shock/ 
vibration i u ~ t l  where irr- 
creased reliabilirg Is rc- 
rjuired. 



Serial ~ivity- 0. 5pV ut rczttlver i r~lwt 
for 10  clll (S -t N)/N. 

'Is/lt Kcvir~g - I.:xl~rr~;rl oolrlrol f ' ron~ 3 rct- 

tnorc co r i~ ro l  unit; 11~srlsmlL- 
tcl- I - eac l~es  full p w c r  
on- l r tquer~cy witW~r GO milll- - 
sccronds af te r  keying. 

Audio Output -- 600R u r ~ b a l w c t d  0 dBm 
noniinal outlwl. (Will 
d r ive  GUOO lokd a t  3.5V 
I>-P mu. 

3 dl3 mirr. ar 1. 9 klir ;  
GO dU at  5 .4  kllx mux. 

Itecclvc Sihm;~l - . Multicoupler c i rcui t  t o  iactd 
four s e p a r a t e  rece ive  chill)- 
ne le  in T r a l s c e i v c r  Ulllt. 

2. 5pV threslmld, fast- 
attack, slow-release. A 
buffered AGC output from 
each c h w r ~ e l  i s  avail l l t le  . for  external use. Output 
I m p e d a ~ c e  (iOOQ, -t5 Vdc 
m u .  into upen circuit.  

~ l . n r~&ni l  ~ i ~ n a l  Tun& ci rcui t  s e k ~ t u i  Lo 
match  each channel. 

I. 3 LIS'I' OP ASSEMBLIES. 

ltEF 
1)ESIC NAME 

--- liadio Set, H F  SSB 
1 ' I 'rur~sceiver Main Frwrre 
I A I  1I~'ceIver CH A Module 
I A2 Receiver CH B Module 
1 A3 R e c d v e r  Clf C Module 
1.94 l i ~ c e f v e r  CH D Module 
I I I'r ogram/Control  Module 
1A(i O s c i l l a t o r M d u l o  
7 Exciter  hlodule 
I A8 Output P i l t e r /PPC Module 
lALlAJ (h tpu t  F i l t e r  CH A Moclule 
I A B A 2  output  P i l le r  CH R hlodule 
1AhA3 01rtput F i l te r  CkJ C Module 
l h l r i 4  Output F l l te r  CII 13 Modulc 
I A9 l~A/ l ) r i ve r  Module 
I A1 0 1:lt~wcr Inverter  hlodule 
2 A~ilcnna Coupler 
2 A  I M s l d ~ l n g  Network Moduli- Cli  A 
2h2 M.1Lirhi11g Network Mociule CI1 B 
2 A 3  Mktching Network Module CH C 
!!A4 Sliltcl~irig Network hlodule CI1 1) 
2 h S  ltcceivcr h1ulLicouplcr M o d ~ ~ l r  

Circuit Double-conversion super-  
heterodyne. 

TRANSMITTER SECTION. 

C ~ ~ t p u t  Power JOOW (at 12 .5  Vdc Input) 

Chunael Selection 4 w i re s  plus colnmon 

I h t y  Cycle 20%; 6 seconds  on and 
24 seconds off at full 
r a t ed  power. 

l l a rn~on ic s  -40 dB 

Undesired Sideband -50 dB at I k l i r  
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Fiyre  2-3. Outline and nlounting Dimensions 



1 

Binary Logic 
Design 

INTRODUCING THE NEW 

NECODE 321 AR 
DIGITAJ ENCODER / DECODER 

Completely 
Solid State 

SPECIALLY DESIGNED FOR USE I 
WITH MARINE SSB 

Now you can contact your vessels without schedules or constant radio monitoring. Just dial the 
vessel's code number and code call your vessel anytime. 

321 AR FEATURES 

Plug-in Installation 
-All connections to Marine SSB are made 

through one (1) furnished plug. 

Automatic Acknowledge 
-A properly received code wlll automatlcal- 

ly key down the transmitter and send an 
auditable acknowledge signal back to the 

. calling station. 

Automatic Alarm and Readout Reset 
-On conventional units the audlo alarm i s  

triggered only once and must be reset by 
the radio operator before another call can 
be received. The Necode 321 AR will 
automatically reset and alarm each time It 
is called. 

All units are supplied with a terminal strip on 
the rear of the unit which enables remote 
alarms to be placed anywhere on the vessel or 
station. 

All Necode 321 AR EncoderlDecoders are 
fully compatable with any Necode 320 pres- 
ently in use. 

Identification The Necode 321 AR is covered by a full one 
-The Necode 321 AR leaves your unit num- (1) year parts and labor warranty and is 

ber displayed on the front of the called supplied with the necessary hook-up cable 
unit until reset. and plugs. 
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A11 The Features You Need In One Standard Unit 

REMOTE OPTIONS 

All remote hook-ups are made easy by the use of the terminal strip on the back of the unit. 

1. Remote audio of W or 2% watts for speaker in 
galley, quarters, or outside deck. 

2. Remote reset at any location. 
, 3. Keyed 12 VDC for remote lamps, sonic alarms, or 

relay to operate larger 115VAC bells, horns, 
etc. 

Cabinet- ............................................ 1116" anodized aluri~inurn 12" W + 3l/2" H + 10.7" L 
................................................................................ Operating voltage 115VAC ~r 12VDC. 

Operating current ............................................................. 115VAC = lh A 12VDC = 2 A 
................................................................................................ Weight .9 lb. Shipping 

ENCODER 

.................................................................. Transmit output (Z = 100 ohm).. adj. 0 to 2'VPP 
.............................................................. Transmit tones (1954 & 2154 HZ) .stability -0125% 

.............................................................................. Transmit on-time (inhibit) 2 SeC. max. 
..................................... ...................... Transmit code variable (0001 to 9999). .:. .8421 BCD. 

......................................................................... Transmit code fixed (00 to 99) 8421 BCD. 
......................................................................................... Speed of code. 1 ms per bit 

.......................................................................... Total transmitted data 96 + 3 bits 990 ms 
..................................................................................................... Internal clock 100 HZ 

........................................................................................... Acknowledge delay 4 sec. 
.......................................................................................... Acknowledge on time 1 sec. 

DECODER 

Input audio from receiver ...................................................................... .02VPP min. 
....................................................................................... Tone decoding phase lock loop 

.................................................................................. Decode programming W 1  to 9999 
..................................................................... Alarm on time (audible) adj. 3 sec. to 60 sec. 
................................................................... Alarm (visual readout).. continuous until reset 

Manufactured and distributed by Necode Electronics, 
Rt. 8 Box 575, Livingston, Texas 77351-713 566-4018 

---- - - -.' 
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APPENDIX F 

RADAR DETECTION RANGE FOR ALTERNATIVE TARGETS AS 
A FUNCTION OF ALTITUDE AND SEA STATE 
(AN/APS-128 SEA SURVEILLANCE RADAR) 
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