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ABSTRACT 

A f r e e - f a l l   v e h i c l e   d e v e l o p e d   a s  a p la t form 
f o r  a s u i t e  o f   o c e a n o g r a p h i c   s e n s o r s  i s  
d e s c r i b e d .  The v e h i c l e ' s   p r i n c i p b l   a t t r i b u t e s  
a r e   p o r t a b i l i t y ,   s p e e d ,  and a c o u s t i c  homing. 
The v e h i c l e   a r c h i t e c t u r e   p r o m o t e s   t h e  u s e  of 
a u t o m a t e d   d i a g n o s t i c s   a n d   d a t a   c o l l e c t i o n .  
Concurrent w i t h  the  vehicle  development  program 
a t  N o o d s   H o l e ,   s e v e r a l   m a n u f a c t u r e r s   a r e  
d e s i g n i n g   s e n s o r s   w h i c h   c a n  be in te r faced   bo th  
mechanica l ly  and e l e c t r o n i c a l l y   w i t h   t h e   f i s h .  
In te rcompar ison   tes t s  w i t h  t he   conven t iona l  CTD 
s e n s o r s   a r e   p l a n n e d   f o r   l a t e  1 9 8 5  and e a r l y  
1986. T h i s  p a p e r   p r e s e n t s   t h e   b a s i c   s p e c i f i -  
c a t i o n s   o f   t h e   F l y i n g  F i s h  t o   a s s i s t  i n  t h e  
p lanning  of experiments  based on t h i s   i n s t rumen t  
sys tem.  We a l s o   p r e s e n t  some s u g g e s t i o n s   f o r  
t h e  i n f r a s t . r u c t u r e   r e q u i r e d   t o   s u p p o r t   g l o b a l  
sca le   hydrographic   surveys .  

INTRODUCTION 

Tne F l y i n g  F i s h  i s  an   au tonomous ,   s t ream-  
l i n e d ,   g r a v i t y   d r i v e n   v e h i c l e   d e s i g n e d   f o r   h i g h  
speed (15 kno t s )   r e tu rn   t r i p s   t o   dep ths   o f  6,000 
meters   (see  Figure 1). I n  a d d i t i o n ,   t h e   f i s h  i s  
c a p a b l e   o f   g u i d i n g   i t s e l f   b a c k   t o   a n   a c o u s t i c  
beacon a t   t h e   s u r f a c e .  The p r inc ipa l   pa rame te r s  
t o  be   measured   dur ing  t h i s  v e r t i c a l   e x c u r s i o n  
i n c l u d e   c o n d u c t i v i t y   a n d   t e m p e r a t u r e   a s  
f u n c t i o n s  of d e p t h .   T h e s e   p a r a m e t e r s   a r e   u s e d  
a s   w a t e r   m a s s   t r a c e r s .  They  can a l s o   b e   u s e d  
i n  t h e   e q u a t i o n   o f   s t a t e  of s e a w a t e r   t o   c a l c u -  
l a t e   t h e   d e n s i t y   f i e l d  and t h e   t o t a l   t r a n s p o r t  
of  l a r g e   s c a l e   c i r c u l a t i o n   p a t t e r n s .  

I n  a d d i t i o n   t o   t h e   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   o f   t h e   f i s h   ( s e e   T a b l e  l ) ,  t h i s   p a p e r  
d e s c r i b e s   t h e   v e h i c l e   a r c h i t e c t u r e   a s  it r e l a t e s  
t o   m a i n t e n a n c e   r e q u i r e m e n t s ,   s e l f - t e s t  
d i a g n o s t i c s ,  and f a i l u r e   i s o l a t i o n   c a p a b i l i t y .  
From d e p l o y m e n t   t o   d s t a   a r c h i v i n g ,   t h e   d e s i g n  
a l lows   fo r   subs t an t i a l   au tomat ion .  Some of t h i s  
c a p a b i l i t y   h a s   a l r e a d y  been  developed. Beyond 
t h e   q u e s t i o n   o f   t e c h n i c a l   f e a s i b i l i t y ,   h o w e v e r ,  
a r e   t h e   i s s u e s   o f   l o g i s t i c s ,   s e n s o r   c a l i b r t i t i o n ,  
da t a   hand l ing ,  and d a t a   q u a l i t y   c o n t r o l .   S e n s o r  
e v a l u a t i o n  a n d   i n t e r c o m p a r i s o n s  w i t h  p r e s e n t  
t e c h n i q u e s   a r e   s c h e d u l e d   f o r  1985-86. The goal  

i s  t o   h a v e   r o u t i n e   m e a s u r e m e n t   c a p a b i l i t y   i n  
t i m e   f o r   t h e   g l o b a l   s c a l e  s u r v e y s  t h a t   a r e   b e i n g  
d e s i g n e d   t o   c o i n c i d e  w i t h  o c e a n o g r a p h i c  
s a t e l l i t e s   s c h e d u l e d   t o  be  launched i n  t h e   e a r l y  
1990's. 

BACKGROUND: A SHORT PRIMER ON HYDROGRAPHIC 
SURVEYS 

One o f   t h e   f u n d a m e n t a l   l i m i t a t i o n s   o f  
present   meteorological   models   used  for   weather  
p r e d i c t i o n  is t h e  unknown  boundary   condi t ion  
imposed by the  world  ocean.  Despite  advances i n  
u n d e r s t a n d i n g   t h e   b a s i c   p h y s i c s   o f   t h e   o c e a n ,  
t h e r e  i s  a d e a r t h   o f   f i e l d   d a t a   t h a t   c o v e r s   t h e  
s p a t i a l  a n d   t e m p o r a l   s c a l e s   r e q u i r e d  b y  t h e  
models .  A c o m p l e t e  s t u d y  o f   a n   e n t i r e   o c e a n i c  
b a s i n  w a s   d o n e   o n l y   o n c e ,   a n d   t h e   t i m e   s c a l e  
s p r e a d   o v e r   t w o   y e a r s  (1957-58)  u s i n g   d i s c r e t e  
w a t e r   s a m p l e s   ( F u g i s t e r ,  1970). L a r g e   s c a l e  
m o n i t o r i n g   p r o g r a m s   t o  s t u d y  t h e   g l o b a l  
a t m o s p h e r i c   w e a t h e r   p a t t e r n s   h a v e ,   a t   p r e s e n t ,  
no c o u n t e r p a r t   w i t h i n   t h e   o c e a n o g r a p h i c  
community. 

T h e r e   a r e   t h r e e   b a s i c   a p p r o a c h e s  i n  
p h y s i c a l   o c e a n o g r a p h y   t o   m e a s u r i n g  t h e  
c i r c u l a t i o n   p a t t e r n s  of  the  world  oceans.  One 
a p p r o a c h   u s e s   d i r e c t   m e a s u r e m e n t s   o f  f l u i d  
v e l o c i t y  and d i r e c t i o n   a t   d i s c r e t e   p o i n t s .  (e.g. 
c u r r e n t   m e t e r s )   T h e s e   i n s t r u m e n t s   h a v e  a 
l i m i t e d  on s i t e   e n d u r a n c e  and cannot  measure  the 
l o w   f r e q u e n c y   s e a s o n a l   a n d   i n t e r a n n u a l   s c a l e  
v a r i a b i l i t y .   D r i f t e r s ,  a s e c o n d   c l a s s   o f  
ins t ruments ,  make Lagrangian  measurements. When 
used i n  l a r g e  numbers and s t u d i e d  s t a t i s t i c a l l y ,  
t h e y   g i v e  g o o d   m e a s u r e m e n t s   o f   f l u i d   v e l o c i t y  
b u t  n o t   o f   t o t a l   t r a n s p o r t .  They a r e   e x c e l l e n t  
f o r   f l o w   v i s u a l i z a t i o n  s t u d i e s .  The l a s t  method 
f o r   c a l c u l a t i n g   c i r c u l a t i o n   p a t t e r n s  is  based on 
m e a s u r e m e n t s   o f   s a l i n i t y   a n d   t e m p e r a t u r e  a s  
func t ions   o f   depth .  From t h e s e   q u a n t i t i e s ,   o n e  
c a n   c a l c u l a t e   t h e   d e n s i t y   f i e l d .   G e o s t r o p h y  
( t h e  s t u d y  o f   p o t e n t i a l   f l o w   f i e l d s  on r o t a t i n g  
r e f e r e n c e   f r a m e s )   e x p l o i t s   k n o w l e d g e   o f   t h e  
d e n s i t y   f i e l d   t o   d e t e r m i n e   t h e   d y n a m i c   h e a d  
d r i v i n g   l a r g e   s c a l e   c i r c u l a t i o n   p a t t e r n s .  The 
p r i n l b r y   c o n t r i b u t o r s   t o   d e n s i t y  f i e l d  
v a r i a b i l i t y   a r e   s a l i n i t y   a n d   t e m p e r a t u r e .  
H i s to r i ca l ly   t hese   quan t i t i e s   have   been   measu red  
from  water  samples  taken a t   d i s c r e e t   l o c a t i o n s .  
More r e c e n t l y   t h e   d e n s i t y   f i e l d   h a s   b e e n   c a l c u -  
l a t e d  i n  s i t u  f r o m   c o n d u c t i v i t y ,   t e m p e r a t u r e ,  
a n d   p r e s s u r e   m e a s u r e m e n t s .   T h u s   t h e  CTD 
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~ ( c o n d u c t i v i t y ,   a n d   t e m p e r a t u r e   a s   f u n c t i o n s  of 
d e p t h )   s e n s o r  i s  t h e   b a c k b o n e  of l a r g e   s c a l e  
c i r c u l a t i o n  and g l o b a l   h e a t   b u d g e t   s t u d i e s .  

Despi te  many a d v a n c e s   i n   s e n s o r   t e c h n o l o g y ,  
most s e c t i o n s  of  t h e   w o r l d   o c e a n   a r e  s t i l l  
u n d e r s a m p l e d .   T h i s   u n d e r s a m p l i n g  i s  d i r e c t l y  
a t t r i b u t a b l e  t o  t h e   p r o h i b i t i v e  cost of mounting 
l a r g e   s c a l e   o c e a n   m o n i t o r i n g   p r o g r a m s   u s i n g  
p r e s e n t   d a y   t e c h n o l o g y .  The F l y i n g   F i s h   w a s  
d e s i g n e d   t o   b r e a k   t h i s   c o s t   b o t t l e n e c k   b y  
i n c r e a s i n g   s a m p l i n g   s p e e d s   b y  a f a c t o r  o f  
b e t w e e n   t h r e e   a n d   s i x   ( d e p e n d i n g   o n   s a m p l i n g  
d e n s i t y   a n d   s h i p   s p e e d ;   s e e   F i g u r e  2 ) .  The 
d e v e l o p m e n t  of  a s m a l l   s t r e a m l i n e d   f r e e - f a l l  
s e n s o r   p l a t f o r m   w i t h   a c o u s t i c  homing c a p a b i l i t y  
h a s   s e v e r a l   t a n g i b l e   b e n e f i t s :  

1. F a s t e r   d e p l o y m e n t  times s h o r t e n   t h e  
time between f i rs t  and l a s t   p r o f i l e s  of a t r a n s -  
o c e a n i c   s e c t i o n   t o   d r a m a t i c a l l y   i m p r o v e   t h e  
s y n o p t i c i t y  of t h e   o b s e r v a t i o n  and   reduce   sh ip  
o p e r a t i n g  cos t s .  

2. D e c o u p l i n g   t h e   s h i p   m o t i o n  from t h e  
s e n s o r   p l a t f o r m   i m p r o v e s   t h e   f l o w   a r o u n d   t h e  
s e n s o r s .  

3. E l i m i n a t i o n  of  t h e  e l e c t r o m e c h b n i c a l  
w i n c h   i n c r e a s e s t h e   n u m b e r  o f  s h i p s   c a p a b l e  o f  
c o l l e c t i n g   d a t a .  

V E H I C L E  ARCHITECTURE IN THE CONTEXT OF REDUCED 
MAINTENANCE A N D  EKHANCED SELF  TEST  CAPABILITY 

b o t h   t h e   m e c h a n i c a l   a n d   e l e c t r o n i c  
a r c h i t e c t u r e  o f  t h e   f i s h   a r e   b a s e d   o n   t h e   n e e d  
for low shipboard  maintenance  requirements.  Any 
s c i e n t i s t / g r a d u a t e   s t u d e n t   t e a m   s h o u l d   b e   a b l e  
t o  u s e  a p e r s o n a l   c o m p u t e r   o f   c o n v e n i e n c e   t o  
c o n t r o l   t h e   m e a s u r e m e n t   s y s t e m   a n d  t o  c o l l e c t  
d a t a   o f  known q u a l i t y .  The des ign   ph i losophy 
i s  one of minimizing human i n v o l v e m e n t   i n   o r d e r  
t o   ( 1 )   r e d u c e   o p e r a t i n g / l a b o r  cos t s ,  and  ( 2 )  
a c h i e v e   s o m e   a c c e p t a b l e   s t a n d a r d   i n   d a t a  
q u a l i t y .   E a c h   v e h i c l e   s u b - a s s e m b l y  i s  b u i l t  
around a mic roprocesso r   t ha t   can   be   que r i ed   and  
e x e r c i s e d   b y   t h e   o n   d e c k   c o m p u t e r .  A l l  sub-  
assembl ies   communica te   us ing  t h e  I E E E  997-1985 
SAIL p r o t o c o l .  Such a m o d u l a r   a r c h i t e c t u r e  and 
s tandard   in te r face   p romotes   au tomated   check   ou t  
and t e s t i n g .   F i g u r e  3 d e s c r i b e s  the major  sea- 
going  system  components. A t  p r e s e n t ,   t h e   c r a d l e  
( w i t h  b a t t e r y   c h a r g e r ,   a i r   c i r c u l a t i o n n  pump, 
and  hydrophone tes t  f i x t u r e )  homing  beacon,  and 
t r a c k i n g   h y d r o p h o n e   e x i s t   a s   s e p a r a t e   e n t i t i e s  
and have   no t   been   i n t eg ra t ed   i n to   t he   sh ipboa rd  
c o m p u t e r .   T h e   l a u n c h   a n d   r e c o v e r y   f i x t u r e s  
e x i s t   i n   s i m p l i f i e d  form w h i l e   t h e   t e l e m e t r y  
t e r m i n a l   a n d   c a l i b r a t i o n   f i x t u r e   a r e  
h y p o t h e t i c a l .  

B e y o n d   t h e   s i m p l e   q u e s t i o n s   o f   t h e  
t e c h n i c a l   f e a s i b i l i t y  o f  s p e e d i n g   u p   t h e   d a t a  
c o l l e c t i o n   p r o c e s s   a r e   t h e   q u e s t i o n s  o f  
s u i t a b i l i t y  of  t h e   i n s t r u m e n t  t o  widespread  use. 
T h e s e   a d d i t i o n a l   i s s u e s   i n c l u d e   ( 1 )  c o s t  ( b o t h  
i n i t i a l   o u t l a y  and  ongoing  maintenance)  and ( 2 )  
r e q u i r e d   i n f r a s t r u c t u r e  (e.g. l o g i s t i c s  o f  

c a l i b r a t i o n ,   d a t a   h a n d l i n g ,   a n d   q u a l i t y  
c o n t r o l ) .  Tne f o l l o w i n g   s c e n a r i o  is  intended to 
g i v e   s o m e   i n s i g h t   i n t o   t h e   o p e r a t i o n z l  
requirements .  

The Opera t iona l   Scena r io  

P r i o r   t o  a d e p l o y m e n t ,   t h e   m a i n   s h i p b o a r d  
computer   prompts   the  user  t o  c o n n e c t   t h e   f i s h  t o  
( 1 )  t he   fou r   conduc to r   cab le ,  ( 2 )  the  hydrophone 
t e s t  j i g ,   a n d  (3) t h e   a i r   c i r c u l a t i o n  pump ( s e e  
F i g u r e  3) .  If t h e   f i s h   h a s   j u s t   f i n i s h e d  a 
p r o f i l e ,   t h e   b a t t e r i e s   a r e   r e c h a r g e d   a n d   t h e  
d a t a  i s  t r a n s f e r r e d   t o  t h e  m a i n   c o m p u t e r   f o r  
a r ch iv ing .   O the rwise ,   t e s t ing  of t h e   f i s h  sub- 
assemblies   begins .   The  hydrophone  and  receivers  
a r e   t e s t e d   t h r o u g h o u t  t h e i r  o p e r a t i n g   r a n g e  by 
c a p a c i t i v e l y   c o u p l i n g  a r e f e r e n c e   s i g n a l   i n t o  
the   hydrophone   a r ray   and   compar ing   th i s   wi th   the  
r e c e i v e r   o u t p u t   m o n i t o r e d   t h r o u g h   t h e  SAIL 
i n t e r f a c e .  Any o f f s e t s   a r e   r e c o r d e d   a s  a  way of 
m o n i t o r i n g   l o n g   t e r m   t r e n d s   i n   h y a r o p h o n e  
degradat ion.  The s t r o b e s ,   p i n g e r   a n d   m o t o r s   a r e  
then   exe rc i sed .  A s h u t t l e   v a l v e   b u i l t   i n t o   t h e  
fore e n d c a p   o f   t h e   e l e c t r o n i c s   p r e s s u r e   h o u s i n g  
i s  o p e n e d   b y   t h e  t e s t  f i x t u r e .   U h i l e   t h e  
b a t t e r i e s   a r e   b e i n g   r e c h a r g e d   t h r o u g h   t h e  
u m b i l i c a l ,   d r y   a i r  i s  f o r c e d  t o  c i r c u l a t e  
t h r o u g h   t h e   e l e c t r o n i c s   h o u s i n g   t o   p r e v e n t   t h e  
c o n c e n t r a t i o n  of v o l a t i l e s  t h i i t  a re  outphsst.6  by 
t h e   s e c o n d a r y   c e l l s .  Prior t o  deployment ,   the  
main  housing i s  e v a c u a t e d   t o   h b l f  an atrrosphere 
t o  h e l p  s e a t  t h e  0 r i n g s .  If a n y   s e a l   f a i l s ,  
t h e  i n t e r n a l  vacuum cannot   be  maintained and t n e  
main  computer is a l e r t e d .  

I f   a l l   s y s t e m s   a r e  " G O " ,  t h e  o p e r a t o r  
i n p u t s   t h e   e x p e c t e d   b o t t o m   d e p t h   ( N o t e   t h a t   t h i s  
c a n   a l s o   b e   a u t o m a t e d   b y   q u e r y i n g  a d e p t h  
sounder   through  shipboard SAIL) and  removes t h e  
u m b i l i c a l .  A l l  s t e p s  Lire i n i t i a t e d  by arompts 
gene ra t ed  by t h e  main  computer. 

A S  Soon a s  t h e  fish i s  o v e r   t h e   s i d e ,  t h e  
s h i p   s h o u l d  s l o w  d o w n ,   l o o p   b a c k  t o  t h e  
a p p r o x i m a t e   d e p l o y m e n t   l o c a t i o n ,   a n d   e n e r g i z e  
the   homing   beacon .   The  maximum g l i d e   a n g l e  of 
t h e  f i s h  i s  a b o u t   t e n   d e g r e e s .   T h u s ,   f o r  a 
5,000 meter dep loymen t ,   t he   sh ip   can  be  a s   nuch  
a s  1 km o f f  s t a t i o n .  

As t h e   f i s h   a s c e n d s ,  it emits a d o u b l e  
ping. The f i r s t  p ing  is  r e p e a t e d   r e g u l a r l y  on a 
t i m e  b a s e   w h i l e  t h e  s e c o n d  i s  d e l a y e d  
p r o p o r t i o n a l  t o  depth.  Thus, t h e  o p e r a t o r  knows 
t h e   s l a n t   r a n g e   a t   a l l  times and   can   an t i c ipa t e  
t h e  a r r i v a l   o f   t h e   f i s h   a t   t h e   s u r f a c e .  B y  
manuevering t h e  f i s h  t o  t h e  s h i p  and b y  knowing 
t h e  ETA o f   t h e   f i s h ,   t h e   s h i p ' s   c r e w   n e e d   n o t  
g e t   i n v o l v e d   i n  t h e  r ecove ry   ope ra t ion .   To ta l  
deployment time, i n c l u d i n g   r e c o v e r y ,   s h o u l d  be 
about  f o r t y  minutes.  

F a i l u r e  Modes 

F a i l u r e s   c a n   t a k e  many forms,   f rom  shorted 
w i n d i n g s   i n   t h e   f i n   a c t u a t o r  motors t o  bad 
h y d r o p h o n e s   t o   h a r d w a r e   a n d   s o f t w a r e   g l i t c h e s .  
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Fur ther ,   they  may occur when t h e   f i s h  is on deck 
o r  when it is a t   d e p t h .   I n   t h e   e v e n t   o f  a 
f a i l u r e  on deck ,   s eve ra l  levels  of  debugging and 
f a u l t   i s o l a t i o n   c a n   b e   e m p l o y e d .   T h o s e  
u n i n i t i a t e d   i n   f a u l t   f i n d i n g   o r   u n f a m i l i a r   w i t h  
the  inner   workings  of   the in s t rumen t  can r e l y  on 
a s i m p l e  " A l l  OK" o r  ItDon1t Use  Mett o u t p u t   f r o m  
t h e   s e l f - t e s t   r o u t i n e s .  I n  t h e   e v e n t  of a 
n e g a t i v e   r e s p o n s e ,   t h e   f i s h  i s  p u t  a s i d e  and a 
new one is put i n  its p lace .  A "school t*   o f   f i sh  
p r o v i d e s   t r u e   r e d u n d a n c y  i n  d a t a   c o l l e c t i o n  
c a p a b i l i t y .   I f   t h e r e   a r e  no s p a r e   f i s h  
a v a i l a b l e ,   t h e   d e c k   c o m p u t e r   c a n   u t i l i z e   t h e  
t e s t   c a p a b i l i t y  of the   deck   s tand   to   invoke   tes t  
r o u t i n e s   b u i l t   i n t o   t h e   s u b - a s s e m b l i e s   t o  
i s o l a t e   t h e   f a u l t  and i n s t r u c t   t h e   o p e r a t o r   t o  
r e p l a c e   t h e   a p p r o p r i a t e   s u b - a s s e m b l y .  More 
d i f f i c u l t   p r o b l e m s  which cannot be  found by t h i s  
automated  procedure  require   the  instrument   to   be 
s e n t   t o  a c e n t r a l   r e p a i r   s t a t i o n .  

The second c l a s s  of f a i l u r e  modes c e n t e r  on  
those  which occur  during  deployment. To address  
t h i s   i s s u e ,   t h e   v e h i c l e   h a s  an e s t a b l i s h e d  
i n t e r n a l   c o m m u n i c a t i o n   p r o t o c o l   b e t w e e n   t h e  
m a s t e r   c o n t r o l l e r  and   each   sub-assembly   which  
i n s u r e s   t h a t   e a c h   p r o c e s s o r  i s  r u n n i n g  
c o r r e c t l y .   F i g u r e  4 s h o w s   t h e   h i e r a r c h i c a l  
s t r u c t u r e  of' the   processors .  Any communication 
b r e a k d o w n   t r i g g e r s   t h e   a b o r t   o f  a d i v e .   T h i s  
can r e s u l t  from (1) bad s i g n a l   t o   n o i s e   r a t i o n  
a t   t h e   r e c e i v e r ,   t o  (2). change  i n  i n t e r n a l  
p r e s s u r e ,   t o  (3) a s h o r t  i n  t h e   m o t o r   o r   m o t o r  
d r i v e r ,   t o  ( 4 )  a processor   based   module   fa i l ing  
to  respond when queried.  An a b o r t   c a u s e s   a l l   o r  
some of   the   fo l lowing   cha in   o f   events :  (1) drop 
t h e   b a l l a s t ;  ( 2 )  a change  i n  t h e   p i n g   r a t e   t o  
n o t i f y   t h e   s u p p o r t   v e s s e l   t h a t  a problem  ex is t s ;  
(3) an a t t e m p t   t o   s t r a i g h t e n   a l l   f i n s .  

INFRASTRUCTURE  REQUIREMENTS 

D a t a   H a n d l i n g ,   Q u a l i t y   C o n t r o l ,   a n d   S a t e l l i t e  
Telemetry 

Q u a l i t y   c o n t r o l  is a s e r i o u s   i s s u e  when one 
i s  l o o k i n g   f o r  0.001oC v a r i a b i l i t y  in t h e   d e e p  
ocean  over   t ime  scales   of   ten  years .   In   the IGY 
I t a l l   d a t a . . . w e r e   c o l l e c t e d   u n d e r   t h e   p e r s o n a l  
supe rv i s ion  of L. V. Worthington, W. G. Me tca l f ,  
A. R. M i l l e r ,   a n d  F. C. F u g l i s t e r . "   T h i s   l e v e l  
of  supervision  aboard  each  vessel  working i n  a 
g l o b a l  s c a l e  survey c o n t r a d i c t s  t h e  i n i t i a l  
premise  that  these  measurements  would  be  taken 
by o p e r a t i o n a l   g r o u p s   w i t h   m i n i m a l   t r a i n i n g .  
One o p t i o n  i s  t o   h a v e  a c e n t r a l i z e d   q u a l i t y  
c o n t r o l   c e n t e r   w h i c h ,   i n   n e a r   r e a l  time can  
decide  whether  or  not  to  re-survey an area  where 
t h e   d a t a  is suspec t .  

A s e c o n d   a r g u m e n t   f o r   t e l e m e t r y   t o  a 
c e n t r a l   c l e a r i n g   h o u s e  i s  b a s e d   n o t  on 
l o g i s t i c a l   a r g u m e n t s   b u t  on s c i e n t i f i c   n e e d .  
F o r   t h o s e  i n t e re s t ed  i n   p r e d i c t i n g   o c e a n i c  
w e a t h e r   p a t t e r n s ,  it is i m p o r t a n t   t o   c o l l e c t ,  
d i g e s t ,  and a s s i m i l a t e   t h e   h y d r o g r a p h i c   d a t a  on 
t h e   s a m e   t i m e   s c a l e   a s   t h e   s a t e l l i t e   d a t a   ( i . e .  

n e a r   r e a l  t ime).  Two t y p e s   o f   d a t a   a r e  
c o l l e c t e d  b y  t h e   f i s h :   t h e  f i r s t  is t h e  raw 
s c i e n t i f i c   d a t a ,   t h e   s e c o n d  is engineer ing  data .  
The f o r m e r   c o n s i s t s   o f   ( t y p i c a l l y )   o n e   m e t e r  
averages  of   conduct ivi ty ,   temperature ,   and  depth 
and t o t a l s   a b o u t  100 KBytes/cast. A t  s i x  c a s t s  
a d a y   t h e   s c i e n t i f i c   d a t a   a l o n e  i s  o v e r  0.5 
M B y t e s / d a y .   t h e   e n g i n e e r i n g   d a t a  is u s e d   t o  
m o n i t o r   t h e   h e a l t h   o f   t h e   f i s h   a n d   c o n s i s t s   o f  
p i t c h ,  yaw, c o n t r o l   e f f o r t ,  and .key b a t t e r y  and 
sys tem  vol tages .   This   da ta  set may be c o l l e c t e d  
between,   as   wel l   as   during,   deployments  and has 
t h e   p o t e n t i a l   t o   o u t s t r i p   t h e   v o l u m e   o f  
s c i e n t i f i c   d a t a .  However, it may be s u f f i c i e n t  
t o   a r c h i v e   t h i s   d a t a   l o c a l l y .   T h i s   d a t a   c a n  
then  be  accessed by t h e  on deck  computer t o   p l o t  
the   long   te rm  behavior  of a f i s h   a s  i ts f l o a t a -  
t i o n  m a t e r i a l   d e g r a d e s   o r   b a t t e r i e s   c e a s e   t o  
t ake  a charge. 

The t e l eme t ry   r equ i r emen t s   a r e   based ,   a t  a 
min imum,  on d a t a   t h a t  i s  r e q u i r e d  i n  n e a r   r e a l  
t i m e .   T a b l e  2 o u t l i n e s   s e v e r a l   t e l e m e t r y  
schemes  which  have  varying  capacit ies.  The o n l y  
a l t e r n a t i v e ,   e v e n   u s i n g   t h e   c o n s e r v a t i v e  esti- 
mate for   da ta   vo lume  of  0.5 MBytes/day, t h a t   h a s  
s u f f i c i e n t   c a p a c i t y  is MARISAT. I f  one  assumes 
t h a t   a c t u a l   d a t a   v o l u m e  will grow a s   o t h e r  
m e a s u r e m e n t s   a r e   d e s i r e d   t h e n   s e r i o u s  
c o n s i d e r a t i o n   s h o u l d   b e   g i v e n   t o   o u t f i t t i n g   t h e  
o c e a n o g r a p h i c   f l e e t   w i t h  MARISAT t e r m i n a l s   ( a t  
$100,000 e a c h )   s i n c e   t h i s  i s  t h e   o n l y  system 
t h a t   c o u l d  accommodate such  growth. 

By a u t o m a t i n g   t h e   d a t a   c o l l e c t i o n . ,  
a r c h i v i n g ,  and t e l eme t ry ,  human in t e rven t ion   can  
b e   k e p t   t o  a  minimum and  some s t a n d a r d i z a t i o n  
among d a t a   s e t s   ( f o r m a t   e t c . )   c a n   b e   a c h i e v e d .  
The c o m p l e x i t y   a n d   t h e   s o p h i s t i c a t i o n  m u s t  b e  
t r anspa ren t  to  the   opera t ions   g roup .  A c e n t r a l  
c l e a r i n g   h o u s e   r e v i e w s   t h e   d a t a  i n  n e a r   r e a l  
t i m e ,   m a i n t a i n s   s t r i c t   q u a l i t y   c o n t r o l ,  and 
should  be a b l e   t o   r e d i r e c t  a v e s s e l   t o   i n t e n s e l y  
survey a s p e c i f i c   f e a t u r e   a s   t h e  need a r i s e s .  

Sensor   Cal ibra t ion  

T h o u g h   t h e   a c t u a l   s e n s o r   s u i t e   t o   b e  
c a r r i e d   a b o a r d   t h e   f i s h   h a s  y e t  t o   b e   s e l e c t e d  
o r   t e s t e d ,  it is not   premature  to   consider  what 
s e n s o r   a t t r i b u t e s   a r e   c o n d u c i v e   t o   r o u t i n e  
h y d r o g r a p h i c   m e a s u r e m e n t s .  The p r e c i s i o n ,  
a c c u r a c y ,   t e m p o r a l   a n d   s p a t i a l   s c a l e s   o f   t h e  
m e a s u r e m e n t s   a r e   d i c t a t e d   b y   t h e   s c i e n c e .  The 
l o n g   a n d   s h o r t  term d r i f t   c h a r a c t e r i s t i c s   a r e  
d i c t a t e d  by the   phys i c s   o f   t he   s enso r .  

Success fu l   ocean   su rveys   a r e   cha rac t e r i zed  
b y   c a r e f u l   a n d   c o n t i n u o u s   a t t e n t i o n   t o   s e n s o r  
a c c u r a c y   a n d   s t a b i l i t y .   T h i s  i s  e s p e c i a l l y  
t r u e   i n   l i g h t   o f   t h e   h i g h   p r e c i s i o n   s o u g h t .  Any 
q u e s t i o n s  in t h e   d a t a   q u a l i t y   t h a t   c a n n o t   b e  
a n s w e r e d   b y   c a r e f u l   c a l i b r a t i o n   r e c o r d s  
d i m i n i s h e s   t h e   s c i e n t i f i c   v a l u e  of t h e   d a t a   s e t .  
H i s t o r i c a l l y ,   t h e   a r t   o f   r e d u c i n g  Nansen water  
s a m p l e s   t o   s a l i n i t y  and  temperature  measurements 
was  a t e c h n i q u e   t h a t   r e q u i r e d   p a t i e n c e ,  care, 
a n d   t r a i n i n g .  Few p e o p l e   w e r e   t r u s t e d   t o  
e x e c u t e   t h e   p r o c e d u r e   c o r r e c t l y  and many d a t a  
sets w e r e   s u m m a r i l y   d i s c a r d e d   d u e  t o  s u s p e c t  
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techniques.  Wi th  p re sen t  CTDs, t he   ca re  must  go 
i n t o   c a l i b r a t i n g   t h e   s e n s o r s  and monitor ing  the 
d r i f t   c h a r a c t e r i s t i c s .  A t  p r e s e n t ,  t h i s  
c a l i b r a t i o n  is e x t r e m e l y   c o s t l y  i n  terms  of  both 
money and man-hours. 

I f   t h e   F l y i n g  F i s h  C T D  i s  t o  become t h e  
b a c k b o n e   o f   f u t u r e   l a r g e   s c a l e   h y d r o g r a p h i c  
su rveys ,  and i f   t h e   c a l i b r a t i o n   c o s t s   a r e   t o  be 
c o n t a i n e d ,   a n   e f f e c t i v e   a u t o m a t e d   c a l i b r a t i o n  
p r o g r a m   w i t h   s t r i c t   q u a l i t y   c o n t r o l s  m u s t  be 
d e s i g n e d   a s   a n   i n t e g r a l   s y s t e m   c o m p o n e n t .  We 
p r o p o s e   t h a t ,   a t  a m i n i m u m ,  t h e   s e n s o r  
e l e c t r o n i c s  be s e l f - c a l i b r a t i n g ,   w i t h   a n y   d r i f t  
i n  ca l ib ra t ion   cons t an t s   mon i to red  and recorded 
by  t h e   s h i p b o a r d   c o m p u t e r .  Each s e n s o r   s h o u l d  
have   an  I D  and a  known h i s t o r y .  T h i s  ID may be 
i n  t h e   f o r m   o f  a bar   code  which i s  read  and 
a p p e n d e d   t o   t h e   d a t a   f r o m   e a c h   p r o f i l e .  
F u r t h e r ,   t h e   s e n s o r   p o d s   s h o u l d   b e   d e s i g n e d   t o  
b e   r e p l a c e d  i n  t h e   f i e l d   w i t h o u t   m a j o r  
d i sassembly   of   the   f i sh .  

S e v e r a l   s i m p l e  b u t  h igh   accu racy   po r t ab le  
s a l i n o m e t e r s   s u i t a b l e   f o r   s h i p b o a r d   u s e   a r e  now 
a v a i l a b l e   c o m m e r c i a l l y .   C o n s e q u e n t l y ,   t h e  
n o t i o n   o f   s h i p b o a r d   c a l i b r a t i o n  i s  n o t  
c o m p l e t e l y   o u t   o f   p l a c e .  The  need  for  s u c h  
s u p p o r t   f a c i l i t i e s   d e p e n d s   d i r e c t l y  on the   l ong  
a n d   s h o r t   t e r m   d r i f t   c h a r a c t e r i s t i c s   o f   t h e  
s e n s o r   s u i t e .  As shown i n  F i g u r e  5 ,  i t  i s  
impor t an t   t o  know n o t   o n l y   t h e   r a t e  of d r i f t  b u t  
t h e   n a t u r e   o f   t h e   d r i f t ,  i n  o r d e r   t o   d e t e r m i n e  
how o f t e n   t o   c a l i b r a t e   t h e   s e n s o r s .   I f   t h e  
d r i f t  i s  e p i s o d i c ,   t h e n   s i m p l e   i n t e r p o l a t i o n  
between  end po in t s  may not be s u f f i c i e n t .  Ship-  
b o a r d   c a l i b r a t i o n  may b e   t h e   o n l y  way t o  
m a i n t a i n   c o n f i d e n c e  i n  i n t e r c o m p a r i s o n s  made 
b e t w e e n   d a t a  s e t s  c o l l e c t e d  by d i f f e r e n t  
i n s t r u m e n t s  i n  d i f f e r e n t   o c e a n s   s e v e r a l   y e a r s  
a p a r t .  

CONCLUSION 

The f i r s t   s t e p s   t o   c a r r y   t h e   F l y i n g   F i s h  
from nove l   p ro to type   t o   ope ra t iona l   hydrograph ic  
t o o l  a r e   b e i n g   u n d e r t a k e n   a t   p r e s e n t .   T h e s e  
s t e p s   i n c l u d e  ( 1 )  i n v o l v i n g   t h e   c o m m e r c i a l  
s e c t o r ,   a n d  ( 2 )  m a k i n g   i n t e r c o m p a r i s o n s  w i t h  
present   t echniques .  I n  a d d i t i o n   t o   g e n e r a t i n g  
c o n f i d e n c e  i n  t h i s  new t o o l ,   t h e   s c i e n t i f i c  
community must  come t o   g r i p s   w i t h   t h e   c o s t s  and 
o r g a n i z a t i o n a l  b u r d e n s  t h a t   a r e   n e c e s s a r y   i f  
g l o b a l   s c a l e   o b s e r v a t i o n s   a r e   t o  become rou t ine .  
S p e c i f i c a l l y ,   t h e  community must  be   prepared  to  
set  up c a l i b r a t i o n ,   t e l e m e t r y ,   a n d   q u a l i t y  
c o n t r o l   f a c i l i t i e s   a s   p a r t   o f  a planned m u l t i -  
year  program. 
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Deployment Time 

V e r t i c a l  Speed 

Maximum Opera t ing  
Depth 

Vehic le  Air Weight 

Expendable   Bal las t  

S e n s o r   S u i t e  

Data Volume 

Turn Around  Time 

40   min / s t a t ion  
(based  on 6,000 m wa te r   dep th )  

6 meters / second 
(down  and up )  

6,000 meters 

120 kg. 

45 kg . i ron  

( I )  s t a t e   o f   t h e   a r t  CTD 
( 2 )  2,100 ml. water   samples  

0.5  MByte/Deployment 

15 minutes 
( t o   t r a n s f e r   d a t a  and 
r e c h a r g e   b a t t e r i e s )  

TABLE 1. VEHICLE OPERATIOU SPECIFICATIONS 

TELEMETRY 
HEDIUFI COVERAGE 

ARGOS Global 

GOES Lat( 70 

M A R  I SAT Lat( 70 

METEOR 2000 K M  
BURST 

VHF/UHF L ine   o f   s igh t  

1. F ly ing   F i sh   w i th  CTD. 

2. C r a d l e   w i t h   b a t t e r y   c h a r g e r ,   a i r  
c i r c u l a t i o n  pump. SAIL i n t e r f a c e ,  
and  hydrophone t es t  f i x t u r e .  

3. Launch   and   recovery   f ix ture .  

4. Homing beacon  and  tracking  hydrophone. 

5. Shipboard  computer   with  mass   s torage 
and d a t a   a r c h i v i n g .  

6. Te leme t ry   t e rmina l?  

7. CTD c a l i b r a t i o n   f i x t u r e ?  

8. E x p e n d a b l e   b a l l a s t   s t o r a g e   b o x e s .  

TABLE 2. SEAGOING SYSTEH COMPONENTS 

NOMINAL 
THRU-PUT ENERGY ( J IBIT)  - POWER 

1 KBIT/Day 1 10 W $2K + $6/day 

10 KBIT/Day 1 100 W $3K 

1 GBIT/Day .01 250 W $70K + $10/min 

10 KBIT/Day -03 300 W $60K base  
+ $6k remote 

10 WIT/Day . O O l  10 u S 2K 

TBBLE 3. IHTERCOIIPARISON OF VARIOUS APPROACHES  TO  TELEPETRY 
( a f t e r  E.  Me l l inge r   unpub l i shed   da t a )  
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109 1 
1 cable lowered LSD. s h l p  speed of IO h t i .  

2 cable lovered m. ship speed of I S  L t s .  

7 Flying Fish m, ship speed of 10 kt%. 

4 Flying Fish 0, ship speed of 15 kt$. 

PRESSL'RE TC PtBI.1C.H 

Figure 5 .  Schematic   depict ing   three   types  of d r i f t  ant t t . e i r   re spec t ive  

( 1 )  Burn i n ;  ( 2 )  cont inucus;  ( 3 )  e p i s o d i c .  
errors when subjec t   to   endpo int   ca l ibrat ion:  
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