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ABSTRACT 

The Mobile Range descr ibed i n  t h i s  paper a l lows measurements of  no ise  
r a d i a t e d  from both su r f ace  s h i p s  and submarines i n  open s e a s  with bottom 
depths  from l e s s  than lOOm t o  400 meters.  The range is being developed and 
b u i l t  by Sonomar under c o n t r a c t  with t h e  I t a l i a n  Navy. The system is 
semif ixed,  t h a t  is ,  it can be launched, u t i l i z e d  and recovered i n  s h o r t  
time o r  e l s e ,  with some precaut ion ,  can be l e f t  ope ra t i ona l  f o r  longer  
per iods .  In t h i s  paper a d e s c r i p t i o n  of  t h e  system is given;  t h e  design 
c r i t e r i a  f o r  t h e  at-sea measuring equipment, t h e  naviga t ion  of  t h e  ves se l  
being t e s t e d  and f o r  a t - shore  da t a  a n a l y s i s  a r e  d i scussed .  

INTRODUCTION 

The system descr ibed i n  t h i s  paper w i l l  be used to measure t h e  no ise  
r ad i a t ed  by su r f ace  s h i p s  and submarines i n  both dynamic and s t a t i c  
cond i t i ons ,  in open s e a  with a bottom depth from l e s s  than l O O m t  t o  400 
meters.  

The system is semi-fixed, t h a t  is, it can be launched a t  s e a ,  u t i l i z e d  and 
recovered i n  a s h o r t  space o f  time, o r  e l s e  it can be l e f t  ope ra t i ona l  f o r  
longer  pe r iods ,  provided c e r t a i n  precaut ions  a r e  taken. 

The mobile range is now being developed and b u i l t  under c o n t r a c t  with t h e  
I t a l i a n  Navy. 

In t h i s  paper a d e s c r i p t i o n  o f  t h e  system is given;  t h e  design c r i t e r i a  f o r  
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t h e  a t - s e a  measuring equipment,  t h e  n a v i g a t i o n  of t h e  v e s s e l  be ing  t e s t e d  
and f o r  a t - s h o r e  d a t a  a n a l y s i s  a r e  d i s c u s s e d .  

1 - SYSTEM REQUIREMENTS 

The b a s i c  r equ i rements  f o r  t h e  mobile r ange  a r e  a s  f o l l o w s :  

* Measurements o f  n o i s e  r a d i a t e d  by submarines  and s u r f a c e  s h i p s  wi th  
speeds  up t o  30 k n o t .  

* Measurements t o  be conducted i n  a r e a s  w i t h  bottom dep th  up t o  400 m e t e r s ;  
s e a  s t a t e  c o n d i t i o n s  up t o  2 ;  s u r v i v a l  o f  t h e  in-water equipment a t  
h i g h e r  s e a  s t a t e s .  

* Launching and r e c o v e r y  o f  in-water equipment t o  be performed by a  smal l  
s h i p  w i t h  a  minimum o f  expend ib le  p a r t s .  

* P o s s i b i l i t y  to l aunch  and r e c o v e r  t h e  range and t o  conduct t h e  
measurements from t h e  s u r f a c e  s h i p s  t o  be t e s t e d .  

* Maximum use o f  r e l i a b l e  commercialy a v a i l a b l e  equipment.  

* Computer based a n a l y s i s  on e x i s t i n g  f a c i l i t i e s .  

2 - COMPOSITION OF THE SYSTEM 

The system c o n s i s t s  o f :  

a )  In-water subsystem, formed by t h r e e  mooring s u p p o r t i n g  t h e  r e q u i r e d  
hydrophone s t a t i o n s ,  a  marker buoy and a r a d i o  buoy t r a n s m i t t i n g  d a t a  t o  
an  a s s i s t  s h i p .  

b )  Nav iga t ion  subsystem,  l o c a t e d  on t h e  t e s t  v e s s e 1 , h a v i n g  t h e  purpose o f  
g i v i n g  n a v i g a t i o n a l  c o n t r o l  wi th  r e s p e c t  t o  t h e  moorings.  

c )  S i g n a l  a c q u i s i t i o n  subsystem,  l o c a t e d  on t h e  a s s i s t  s h i p  ( o r  e l s e  on t h e  
t e s t  v e s s e l  i f  it is a  s u r f a c e  s h i p ) ,  w i t h  t h e  purpose  o f  r e c e i v i n g  and 
r e c o r d i n g  on magnetic t a p e  t h e  s i g n a l s  t r a n s m i t t e d  from t h e  radio-buoy 
and c o n t r o l l i n g  t h e  q u a l i t y  o f  them. 

d )  S i g n a l  a n a l y s i s  subsystem,  l o c a t e d  on l a n d ,  u t i l i z i n g  p a r t  o f  t h e  
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a c q u i s i t i o n  subsystem and an HP-1000 computer. 

2 . 1  - In-water Subsystem 

F i g . 1  shows t h e  b a s i c  schemat ic  c o n f i g u r a t i o n  of t h e  in-water subsystem 
shown f o r  o p e r a t i n g  on a  t y p i c a l  bottom o f  200 mete r s  dep th .  I t  c o n s i s t s  o f  
3 moorings A , B , C .  The hydrophone s t a t i o n s  ( H  H H and H ) a r e  suspended 

P . 2 '  3 '  4 
from moorings A and B as i n d i c a t e d  i n  t h e  dlagram and a t  t h e  r e q u i r e d  
dep ths .  H H and H a r e  c a l l e d  Beam hydrophones and H is c a l l e d  Track.  

1' 2  3  4 

The range  c o n f i g u r a t i o n  is f l e x i b l e  s o  t h a t ,  s t a r t i n g  w i t h  t h e  b a s i c  
c o n f i g u r a t i o n  i n  F i g . 1 ,  it can be adapted f o r  e i t h e r  s u r f a c e  s h i p s  o r  
submarines  o r  changed a c c o r d i n g  t o  marine c u r r e n t s  o r  t o  t h e  bottom d e p t h  
on which t h e  sys tem must o p e r a t e .  For  o p e r a t i o n s  w i t h  submarines  hydrophone 
H is n o t  used .  
4 

The composi te  s t r u c t u r e  o f  t h e  c a b l e  e n a b l e s  t h e  p o s i t i o n  of t h e  hydrophone 
s t a t i o n s  t o  be changed and a l s o  t o  i n t e r v e n e  on each connec t ing  e l e c t r i c  
c a b l e s  s e p a r a t e l y .  

Moorings A and B bo th  have a  Release-Transponder u n i t  (RT) suspended a t  a  
dep th  of 100mt. These u n i t s  a c t  a s  an a c o u s t i c  r e sponder  and f r e e  t h e  
moorings when r e c e i v i n g  a n  a p p r o p r i a t e  a c o u s t i c  c o n t r o l  s i g n a l .  

The two moorings A and B a r e  anchored t o  t h e  bottom ( A N  i n  t h e  d iagram) .  
They are s u p p l i e d  w i t h  two buoyancy u n i t s  and connected t v g e t h e r  a t  t h e  
Connect ion Uni t  ( U C )  by means o f  a  hydrophone c a b l e  ( C A B - 3 ) .  Mooring A is 
connected t o  t h e  Radio-buoy by means o f  a  V i b r a t i n g  I n s u l a t i o n  Module (VIM) 
t h a t  h a s  t h e  purpose  o f  i s o l a t i n g  t h e  b u o y ' s  o s c i l l a t i o n s  from t h e  mooring 
and by t h e  p i e c e  o f  c a b l e ,  CAB.7, which a l s o  has  a  damping f u n c t i o n .  

The radio-buoy c o n t a i n s  t h e  e l e c t r o n i c s  ( E L )  n e c e s s a r y  f o r  t h e  c o n d i t i o n i n g  
t h e  hydrophone s i g n a l s  and f o r  t h e  t r a n s m i s s i o n  v i a  r a d i o  l i n k  of  t h e  
s i g n a l s  and r e c e p t i o n  o f  commands from t h e  assist s h i p  t o  t h e  buoy. 

The r a d i o  buoy is e a s y  t o  connec t  and d i s c o n n e c t  from mooring A i n  c a s e  it 
is r e q u i r e d  t o  d i s a c t i v a t e  t h e  range  and l e a v e  it i n  t h e  s e a  f o r  a  p e r i o d  
o f  t ime .  

The r a d i o  buoy is abou t  5 meter  h i g h  above t h e  s e a  s u r f a c e  to make it 
v i s i b l e  from a  d i s t a n c e  b o t h  o p t i c a l l y  by p e r i s c o p e  and by r a d a r  ( t h i s  
a p p l i e s  a l s o  to t h e  marker buoy) .  O s c i l l a t i o n s  due t o  s e a  motion a r e  
l i m i t e d  w i t h i n  t h e  v e r t i c a l  a p e r t u r e  o f  t h e  t r a n s m i t t i n g / r e c e i v i n g  an tenna .  
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Anchorage C c o n s i s t s  o f  a  marker buoy (mechan ica l ly  s i m i l a r  t o  t h e  
Radio-buoy) anchored t o  t h e  bottom by a  s l a c k  mooring. Both t h e  marker buoy 
and t h e  radio-buoy c o n t a i n  a  r a d a r  r e f l e c t o r  and a  f l a s h i n g  beacon f o r  use  
d u r i n g  d a r k .  

2 .2  - Naviga t ion  subsystem aboard t h e  t e s t  v e s s e l  

F i g . 2  is a  b lock  diagram o f  t h e  subsystem. I t  is used f o r  t h e  a c o u s t i c  
n a v i g a t i o n  o f  t h e  T e s t  v e s s e l  wi th  r e s p e c t  t o  t h e  two t r a s p o n d e r  (RT) u n i t s  
l o c a t e d  on t h e  moorings A and B a t  a  d e p t h  o f  abou t  100m. 

Nav iga t ion  i n f o r m a t i o n  a r e  o b t a i n e d  measuring t h e  d i s t a n c e  between t h e  t e s t  
v e s s e l  and t h e  two RTs, f i l t e r i n g  t h e  d a t a  and g r a p h i c a l l y  r e p r e s e n t i n g  on 
a  v ideo  t h e  i n f o r m a t i o n  n e c e s s a r y  f o r  t h e  c o u r s e  c o r r e c t i o n .  The above 
mentioned i n f o r m a t i o n ,  t o g e t h e r  w i t h  t h e  t ime ( d i g i t a l  c l o c k ) ,  is a l s o  
recorded  on a d i s k e t t e .  A VHF r a d i o  channe l  is used f o r  communicating 
between t h e  a s s i s t  s h i p  and t e s t  v e s s e l  and a l s o  p e r m i t s  t h e  
s y n c h r o n i z a t i o n  o f  two d i g i t a l  c l o c k s ,  t h e  f i r s t ,  p a r t  o f  t h e  n a v i g a t i o n  
subsystem on t h e  t e s t  v e s s e l  and t h e  second,  p a r t  o f  t h e  a c q u i s i t i o n  
subsystem on t h e  a s s i s t  s h i p .  

The p o s s i b i l i t y  o f  u s i n g  t e s t  v e s s e l  ' s  underwater t e l ephone  t r a n s d u c e r ,  
when a v a i l a b l e ,  i n  o r d e r  t o  avo id  i n s t a l l i n g  a  p roper  t r a n s d u c e r  is  
p rov ided .  

2 . 3  - A c a u i s i t i o n  subsvstem aboard t h e  a s s i s t  s h i ~  

The system is shown s c h e m a t i c a l l y  i n  F ig .3 .  I t  p r o v i d e s  magnetic r e c o r d i n g  
o f  t h e  hydrophone s i g n a l s  r e c e i v e d  by r a d i o  and a  p r e l i m i n a r y  d a t a  q u a l i t y  
c o n t r o l  on a 1/3 o c t a v e  a n a l y s e r  and p roper  r e c o r d e r .  Digital c l o c k  d a t a ,  
i n f o r m a t i o n s  on o p e r a t i n g  pa ramete r s  of t h e  e l e c t r o n i c s  a r e  a l s o  recorded .  

The system e n a b l e s  one t o  choose t h e  hydrophone channe l s  t o  be used a s  wel l  
as t h e i r  g a i n ,  e q u a l i z a t i o n  and t o  c a l i b r a t e  them. 

- A u x i l i a r y  f u n c t i o n s  p rov ided  by t h e  subsystem a r e :  

a )  Measurement o f  t h e  geomet r i c  de fo rmat ion  of t h e  range  due t o  t h e  wa te r  
c u r r e n t  by i n t e r r o g a t i o n  o f  t h e  two t r a n s p o n d e r  u n i t s .  

b)  The p o s s i b i l i t y  o f  s t e e r i n g  t h e  t e s t  v e s s e l  from t h e  a s s i s t  s h i p ; t h i s  
f u n c t i o n  d u p l i c a t e  t h e  one implemented on board t h e  t e s t  v e s s e l  and is 
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p a r t i c u l a r l y  r e l e v a n t  f o r  o p e r a t i o n s  wi th  a  submarine.  

c  ) Rapid e l e c t r o a c o u s t i c  c a l  i b r a t i o n  i n  si t u  of  t h e  v a r i o u s  hydophone 
c h a n n e l s .  

d )  P o s s i b i l i t y  o f  measuring p r e c i s e l y  t h e  d i s t a n c e  between t h e  t e s t  v e s s e l  
and each hydrophone. 

e )  A c t i v a t i o n  o f  t h e  r e l e a s e  f u n c t i o n  o f  t h e  t r a n s p o n d e r s  f o r  r ecovery  o f  
t h e  a t - s e a  equipment.  

2 .4  - On-land a n a l y s i s  subsystem 

F i g . 4  is a block diagram o f  t h e  subsystem. I t  e n a b l e s  t h e  fo l lowing  
o p e r a t i o n s  t o  be c a r r i e d  o u t  f o r  each hydrophone channe l .  

a )  R i c o n s t r u c t i o n  of  t h e  d i s t a n c e  between t h e  t e s t  v e s s e l  and t h e  
hydrophone and c h o i c e  o f  t h e  s e c t i o n s  o f  t h e  run  t o  be used f o r  
s i g n a t u r e  d a t a .  
I t  makes use  o f  some o f  t h e  components o f  bo th  t h e  a c q u i s i t i o n  and 
n a v i g a t i o n  subsystem. 

b)  Ana lys i s  and s i g n a t u r e  i n  1/3 o c t a v e  bands from 10 t o  40000Hz. 

c )  Narrow band a n a l y s i s  and s i g n a t u r e  between 5 and 5000Hz. 

d )  Compensation f o r  t h e  e f f e c t s  o f  s u r f a c e  and bottom i n t e r f e r e n c e .  

e )  C a l c u l a t i o n  o f  s t a t i s t i c a l  ave rages .  

3 - ANALYSIS OF SOME CRITICAL DESIGN PARTS 

The performances  and r e l i a b i l i t y  o f  a  mobile r ange  is a  l a r g e  number o f  
f a c t o r s  and o p e r a t i o n s .  While s e t t i n g  up t h e  system it h a s  been found t h a t  
a f t e r  d e s i g n i n g  t h e  d a t a  t e l e m e t r y  and v i b r a t i o n  i s o l a t i o n  o f  t h e  
hydrophones t h e  most c h a l l e n g i n g  problems t o  s o l v e  were: 

+ Measuring hydrophone p o s i t i o n s  i n  t h e  range .  
* Naviga t ion  accurancy  and s a f e t y  o f  v e s s e l  n a v i g a t i n g  i n s i d e  t h e  range .  
* Launching and r e c o v e r i n g  o f  a t - s e a  equipment.  
* Compensating o f  s u r f a c e  and bottom i n t e r f e r e n c e  i n  t h e  measurements. 
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I n  t h e  f o l l o w i n g  paragraphes  t h e  s o l u t i o n  be ing  implemented o f  t h e  above 
mentioned problems a r e  d i s c u s s e d .  

3 . 1  - Measuring hydrophone p o s i t i o n s  

I t  can be e a s i l y  expected t h a t  i n  any o p e r a t i o n a l  a r e a  a  c u r r e n t  w i l l  be 
p r e s e n t  deforming t h e  lay-out  o f  moorings from a  s t r a i g h t  l i n e .  I n  t h e  
d e s i g n  phase a  model has been used t o  dimension buoyancies and anchors  
r e q u i r e d  t o  o b t a i n  e q u i l i b r i u m  and minimize deformat ion o f  moorings,  b u t  i n  
s p i t e  o f  t h a t  de fo rmat ion  canno t  be t o t a l l y  e l i m i n a t e d .  

For  example F i g . 5 ,  6 and 7 show t h e  deformat ion o f  mooring A and B when, a t  
i t s  deep c o n f i g u r a t i o n  is a f f e c t e d  by t h e  f o l l o w i n g  c u r r e n t  p r o f i l e :  
0 . 5  k n o t s  from 0  t o  100 mete r ;  
0  k n o t s  on t h e  bottom; 
l i n e a r l y  d e c r e a s i n g  between 100 mete r s  and t h e  bottom. 

I n  F i g .  5 and 6  t h e  c u r r e n t  is assumed p e r p e n d i c u l a r  t o  t h e  phase  
c o n t a i n i n g  mooring A and B; i n  F i g . 7  t h e  c u r r e n t  is assumed p a r a l l e l  t o  
t h i s  p l a n e .  

From F i g . 6  and 7 it can be observed t h a t  t h e r e  is an o f f s e t  between t h e  
a x i s  o f  base  l i n e  H -H and t h e  a x i s  o f  base  l i n e  j o i n i n g  t h e  two 

4 . I  t r a n s p o d e r s  used f o r  navigation o f  t h e  v e s s e l  under t e s t .  

T h e r e f o r e  i n  o r d e r  t o  n a v i g a t e  t h e  s h i p  under t e s t  over  H (TRACK 
4 Hydrophone) t h e  o f f s e t  must be t aken  i n t o  accoun t .  I t  can be observed t h a t  

f o r  n a v i g a t i o n  purposes  o n l y  t h e  o f f s e t  i n  t h e  Y / Z  p lane  is r e l e v a n t .  
T h e r e f o r e  a  s imple  l a s t  mean s q u a r e  a l g o r i t h m  is  used t o  e s t i m a t e  p r e c i s e l y  
t h e  p r o j e c t i o n s  on p lane  YZ o f  d i s t a n c e s  between H 

1' "2' H3. 
and t h e  

two t r a n s p o n d e r s .  Measurements a r e  t aken  from t h e  a s s l s t  s h l p s  b e f o r e  t h e  
v e s s e l  under t e s t  s t a r t s  a measurement r u n .  Es t ima ted  n a v i g a t i o n  accuracy  
o v e r  H is o f  t h e  o r d e r  o f  5 mete r s .  

4 

3.2 - Observa t ions  on t h e  t e s t  v e s s e l ' s  n a v i g a t i o n  system 

Refe rence  is made t o  F i g . 8 .  T h i s  diagram r e p r e s e n t s  an  example o f  t h e  
p o s i t i o n s  on t h e  h o r i z o n t a l  p lane  of t h e  buoys ( B  = r a d i o  buoy) t h e  two 

1 responders  RT and RT and t h e  hydrophones H and H a t  t h e  head o f  
1 2 1 4 

moorings A and B r e s p e c t i v e l y .  Because of t h e  deformat ion caused by t h e  
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c u r r e n t  H and H a r e  d i s p l a c e d  w i t h  r e s p e c t  t o  RT and RT . 
1 4 1 2  

The n a v i g a t i o n  o f  t h e  t e s t  v e s s e l  w i l l  have s e v e r a l  phases  ( s e e  F i g . 8 ) :  

a )  Approach and r a d a r - o p t i c a l  a l ignment .  
The t e s t  v e s s e l  " sees"  t h e  two buoys B and B and s e t s  an a p p r o p r i a t e  1 2  
c o u r s e  i n  correspondence t o  t h e  r a d a r  a x i s  p e r p e n d i c u l a r  t o  B -B and 1 2  
p a s s i n g  th rough  t h e  midpoint .  
Th i s  phase  p recedes  t h e  use  o f  t h e  a c o u s t i c  n a v i g a t i o n  d a t a  and ,  i n  t h e  
c a s e  o f  a  submarine ,  t a k e s  p l a c e  a t  p e r i s c o p e  dep th ,  b e f o r e  d i v i n g .  

b )  Approach and a c o u s t i c  a 1  ignment . 
The t e s t  v e s s e l  m o d i f i e s  i t s  c o u r s e ,  moving i n t o  t h e  a c o u s t i c  n a v i g a t i o n  
a x i s  by u t i l i z i n g  t h e  d a t a  s u p p l i e d  by t h e  HP-9836 computer.  

c )  Maintenance o f  t h e  c o u r s e .  
The t e s t  v e s s e l  must be on t h e  c o r r e c t  c o u r s e  some t ime b e f o r e  r e a c h i n g  
t h e  maximum d i s t a n c e  DM a t  which r a d i a t e d  n o i s e  measurements beg in .  (DM 
is abou t  1200mt f o r  RT -RT =200mt and minimum a s p e c t  a n g l e  o f  l o 0 ) .  

1 2  
The t e s t  v e s s e l  c o n t i n u e s  on i t s  c o u r s e  w i t h  s m a l l  c o r r e c t i o n s ,  a s  
i n d i c a t e d  by t h e  computer,  up u n t i l  t h e  end o f  t h e  c o u r s e  ( a  d i s t a n c e  DM 
beyond t h e  r a n g e ) .  

d )  Manoeuvre f o r  moving away wi th  an e v e n t u a l  r e t u r n  towards  t h e  range from 
t h e  o p p o s i t e  s i d e ,  r e p e a t i n g  t h e  above mentioned o p e r a t i o n s .  

The f o l l o w i n g  o b s e r v a t i o n s  shou ld  be made r e g a r d i n g  n a v i g a t i o n  a c r o s s  t h e  
range .  

- S a f e  n a v i g a t i o n  f o r  t h e  submarine .  
The n a v i g a t i o n  system must ensure  a  100% n o n - i n t e r f e r e n c e  w i t h  t h e  
s t r u c t u r e  o f  t h e  range .  The sys tem h a s  been des igned  t o  o f f e r  t h i s  
s a f e t y ;  it has  i n f a c t  been v e r i f i e d  t h a t  when t h e  d i s t a n c e  between t h e  
anchorages  is 200mt, t h e  deformat ion o f  t h e  r a n g e ,  even under t h e  
i n f l u e n c e  o f  unusual  c u r r e n t  c o n d i t i o n s ,  l e a v e s  ample space  f o r  
n a v i g a t i o n .  
Moreover t h e  system s u p p l i e s  t h e  d a t a  w i t h  a  p r e c i s i o n  f a r  s u p e r i o r  ( l m )  
t o  t h a t  r e q u i r e d  t o  e n s u r e  t h e  n o n - i n t e r f e r e n c e .  

- V a l i d i t y  o f  t h e  measurement. 
The most c r i t i c a l  c a s e  is t h e  passage  o f  a  s u r f a c e  s h i p  a c r o s s  t h e  
hydrophone t r a c k  ( H  ) .  The a s s i s t  s h i p  shou ld  pass  above t h e  hydrophone 

4 
H w i t h  an o f f s e t  e r r o r  n o t  g r e a t e r  than  t h e  wid th  o f  t h e  s u r f a c e  v e s s e l .  

4 
T h i s  can be ach ieved  by means o f  t h e  proposed sys tem t h a t ,  owing t o  t h e  
comb i n a t i o n  o f  h i g h  p r e c i s i o n  measurements w i t h  f i l t e r i n g ,  a l l o w s  one t o  
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o b t a i n  t h e  r e q u i r e d  p r e c i s i o n .  

The n a v i g a t i o n  system u t i l i z e s  hardware a l r e a d y  widely  t e s t e d  bo th  f o r  its 
f u n c t i o n a l i t y  and r e l i a b i l i t y  i n  t h e  o f f s h o r e  f i e l d  and s u i t a b l y  adap ted  t o  
t h e  p r e s e n t  a p p l i c a t i o n .  

The t e s t  v e s s e l  may n a v i g a t e  a t  maximum speed (30 k n o t s )  provided t h a t  t h e  
induced n o i s e  a t  t h e  t r a n s d u c e r  i n s t a l l e d  on t h e  t e s t  v e s s e l  i s  c o n t a i n e d  
w i t h i n  t h e  e s t a b l i s h e d  limits. 

The e lements  i n s t a l l e d  on t h e  range  t h a t  a r e  r e q u i r e d  f o r  t h e  n a v i g a t i o n  o f  
t h e  t e s t  v e s s e l  a r e  t h e  two responders  RT and RT c o n s i s t i n g  o f  t h e  RT 

1 2 
u n i t s ,  i n s t a l l e d  a s  shown i n  F i g . 8  and d e f i n i n g  a  sys tem o f  c a r t e s i a n  
c o o r d i n a t e s .  

The t r a n s p o n d e r s  a r e  t h e  r e f e r e n c e  p o i n t s  w i t h  r e s p e c t  to which t h e  t e s t  
v e s s e l  c a l c u l a t e s  i t s  p o s i t i o n .  To do t h i s  t h e  t e s t  v e s s e l  i n t e r r o g a t e s  t h e  
two t r a n s p o n d e r s  RT and RT a t  a  f r equency  f - t h e s e  respond a t  d i f f e r e n t  

1 2 1 ' 
f r e q u e n c i e s  f  and f  . 

2 3 

The t e s t  v e s s e l  r e c e i v e s  t h e  two r e s p o n s e s  and r e c o g n i z e s  t h e  two u n i t s  on 
t h e  b a s i s  o f  t h e i r  f r e q u e n c i e s .  Using t h e  t ime i n t e r v a l s  between 
i n t e r r o g a t i o n  and r e s p o n s e .  D i s t a n c e s  R and R between t h e  t e s t  v e s s e l  and 

1 2 
RT and t h e  t e s t  v e s s e l  and RT a r e  measured.  

1 2 

The p o s i t i o n  o f  t h e  t e s t  v e s s e l  is found from t h e  d i s t a n c e s  R and R The 
2 ' 

HP 9836 computer e l a b o r a t e s  t h i s  i n f o r m a t i o n  by n u m e r i c a l j y  f i l t e r i n g .  
F i l t e r i n g  is used t o  e l i m i n a t e  t h e  e f f e c t  o f  t h e  d e l a y  i n  t h e  e s t i m a t i o n  o f  
t h e  p o s i t i o n  caused by a c o u s t i c  p r o p a g a t i o n  t i m e ,  t o  e s t i m a t e  t h e  d i r e c t i o n  
and v e l o c i t y  o f  n a v i g a t i o n  w i t h o u t  t h e  n e c e s s i t y  o f  a  gyrocompass and l o g  
and t o  reduce  t h e  e f f e c t  o f  measurement e r r o r s  on t h e  g l o b a l  p r e c i s i o n  of 
t h e  sys tem.  

E r r o r s  a r e  e s s e n t i a l l y :  

- E r r o r  i n  t h e  measurement o f  t h e  d e l a y s  due t o  v a r i a t i o n s  i n  t h e  sound 
speed .  
The e f f e c t  is minimized by e s t i m a t i n g  t h e  a p p r o p r i a t e  a v e r a g e  v a l u e  from 
t h e  t e m p e r a t u r e / v e l o c i t y  p r o f i l e .  

- An i n t r i n s i c  e r r o r  i n  t h e  measurement o f  t h e  t ime d e l a y s  due t o  t h e  
i n s t r u m e n t s  used f o r  t h e  measurements. 

- E r r o r  i n  t h e  e s t i m a t i o n  o f  t h e  t r a n s p o n d e r  p o s i t i o n s .  
The p r e l i m i n a r y  measurements f o r  e s t i m a t i n g  t h e  p r e c i s i o n  o f  t h e  system 
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minimize t h i s  e r r o r .  

An e x t e n s i v e  s i m u l a t i o n  s t u d y  has  been c a r r i e d  o u t  i n  o r d e r  t o  c a l c u l a t e  
t h e  g l o b a l  e r r o r s  i n  t h e  p o s i t i o n i n g  o f  t h e  n a v i g a t i o n  sys tem.  These have 
proved t o  be o f  t h e  o r d e r  o f  1 meter r e l a t i v e  t o  RT and RT . The 1 2 
f u n c t i o n i n g  o f  t h e  n a v i g a t i o n  sys tem,  i n c l u d i n g  t h e  o p e r a t o r ,  h a s  a l s o  been 
s i m u l a t e d  i n  o r d e r  t o  v e r i f y  t h e  e a s e  w i t h  which it can be used.  F i g . 9  is 
an example o f  t h i s  s i m u l a t i o n  showing g r a p h i c a l l y  t h e  h o r i z o n t a l  p l a n e  
c o n t a i n i n g  t h e  r a n g e  (RT and RT ) .  

1 2 

The y  a x i s  r e p r e s e n t s  t h e  n a v i g a t i o n  a x i s  d e s i r e d  V , 
0 Xo ' Y and f0 

r e p r e s e n t s  r e s p e c t i v e l y  t h e  speed ,  t h e  c o o r d i n a t e s  and t h e  hea8ing o f  t h e  
t e s t  v e s s e l  measured w i t h  r e s p e c t  t o  t h e  Y a x i s  a t  s t a r t i n g  p o i n t .  The 
c r o s s e s  a r e  t h e  s u c c e s s i v e  p o s i t i o n s  o f  t h e  v e s s e l  e s t i m a t e d  by t h e  sys tem.  
The system a l s o  s u p p l i e s  n u m e r i c a l l y  t h e  s u c c e s s i v e  X and Y v a l u e s  t o g e t h e r  
wi th  t h e  a n g l e .  The s o l i d  curve  r e p r e s e n t s  t h e  r e a l  c o u r s e  o f  t h e  t e s t  
v e s s e l .  

3.3 - Launching and r e c o v e r i n g  o f  t h e  system 

The method f o r  l aunch ing  and r e c o v e r i n g  t h e  range has  been des igned t o  
o p e r a t e  w i t h  an  a s s i s t  s h i p  p rov ided  w i t h  one d e r r i c k ,  one winch and two 
a u x i l i a r y  c r a f t  ( r u b b e r  d i n g h i e s ) .  

To c a r r y  o u t  t h e  o p e r a t i o n  w i t h  t h e  above hypotheses  and t h e  l i m i t e d  
manoeuvring c a p a b i l i t y  o f  t h e  a s s i s t  s h i p  t h e  s e a  s t a t e  must be l e s s  o r  
equal  t o  2 and t h e  d i r e c t i o n  of t h e  wind must be c o n s t a n t .  

The p rocedure  f o r  l aunch ing  t h e  moorings A and B is a  combinat ion o f  t h e  
"anchor f i r s t t 1  and "anchor a f t e r t 1  methods: each mooring is launched i n  two 
s e c t i o n s  a s  shown i n  F i g . 1 0  ( t h e  bottom s e t t i n g  lowered i n  dep th  and t h e  
t o p  s e c t i o n  f l o a t i n g ) .  

The submerged s e c t i o n s  a r e  suspended from a r e i n f o r c e d  b a l l o o n  and 
connected by means of  a  r a p i d - r e l e a s e  hook. 

The two moorings A and B ,  as shown i n  F ig .11  a r e  then  spaced a p a r t  s o  t h a t  
t h e r e  is t h e  d e s i r e d  d i s t a n c e  between them ( a b o u t  200mt).  The r u b b e r  
d i n g h i e s  a r e  used t o  j o i n  t o g e t h e r  on t h e  s u r f a c e  t h e  two s e c t i o n  o f  
c o n n e c t i n g  hydrophone c a b l e  t o g e t h e r  w i t h  t h e  s i n k e r ,  k e p t  t e m p o r a r i l y  on 
t h e  s u r f a c e  by means o f  a  s u i t a b l e  b a l l o o n .  

The r u b b e r  d i n g h i e s  a r e  used t o  uncouple t h e  two s u p p o r t i n g  b a l l o o n s .  
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For r e c o v e r y ,  t h e  a s s i s t  s h i p  a c t i v a t e s  a c o u s t i c a l l y  t h e  uncoupl ing o f  t h e  
mooring. A r e l e a s e r  and s u b s e q u e n t l y  t h a t  on mooring B .  The rubber  dinghy 
t a k e s  t h e  radio-buoy back t o  t h e  a s s i s t  s h i p  and recovery  on board b e g i n s  
a c c o r d i n g  t o  t h e  sequence:  radio-buoy, mooring A ,  mooring B.  

An emergency recovery  method h a s  been f o r e s e e n .  T h i s  would t a k e  p l a c e ,  w i t h  
t h e  h e l p  o f  d i v e r s  and o n l y  i n  t h e  u n l i k e l y  s i t u a t i o n  i n  which one o f  t h e  
r e l e a s e r s  d o e s n ' t  work. 

3.4 - Compensation f o r  t h e  e f f e c t s  of s u r f a c e  and bottom i n t e r f e r e n c e  

I n  o r d e r  t o  c a l c u l a t e  t h e  a c o u s t i c  l e v e l s  a t  t h e  r e f e r e n c e  d i s t a n c e  o f  1 
metre from t h e  s o u r c e  u s i n g  t h e  measured l e v e l s ,  it is n e c e s s a r y  t o  know 
t h e  p r o p a g a t i o n  l o s s  between t e s t  v e s s e l  and hydrophone. 

Wi th in  t h e  g e o m e t r i c  c o n d i t i o n s  f o r e s e e n  f o r  t h e  r a n g e ,  such  l o s s e s  can be 
modelled u s i n g  t h e  c l a s s i c a l  law ( s p h e r i c a l  d ive rgence  + a b s o r p t i o n  minus 
t h e  i n c o h e r e n t  c o n t r i b u t i o n  o f  t h e  s u r f a c e  r e f l e c t i o n s )  on ly  f o r  
f r e q u e n c i e s  above 1KHz. For  lower  f r e q u e n c i e s ,  t h e  d i f f e r e n c e  between t h e  
p r o p a g a t i o n  model r e q u i r e d  and t h e  c l a s s i c a l  model, becomes g r e a t e r  (and 
hence a l s o  compensa t ion) ,  t h e  lower  t h e  f requency .  

/ 

The o r d e r  o f  magnitude o f  t h e  s y s t e m a t i c  e r r o r  by u t i l i z i n g  t h e  above 
c l a s s i c a l  model can be o f  10-15dB f o r  f r e q u e n c i e s  o f  hundreds o f  Herz and 
o f  15-30dB f o r  f r e q u e n c i e s  below 100Hz. 

Th i s  e r r o r  is caused by i n t e r f e r e n c e  formed a t  t h e  hydrophone between t h e  
d i r e c t  sound f i e l d  and t h e  s u r f a c e  r e f l e c t e d  and bottom r e f l e c t e d  f i e l d s .  
The bottom r e f l e c t e d  f i e l d  depends upon t h e  f requency and t h e  geometry and 
n a t u r e  o f  t h e  bottom. 

A p r e l i m i n a r y  s t u d y ,  conducted i n  c o o p e r a t i o n  w i t h  M r .  Schmidt ( S a l c a n t c e n )  
u s i n g  models NISSM and FFP, on p r o p a g a t i o n  o v e r  a  r e f l e c t i n g  bottom h a s  
i n d i c a t e d  t h a t  f o r  f r e q u e n c i e s  above lOOOHz compensation f o r  i n c o h e r e n t  
a d d i t i o n  o f  s u r f a c e  and bottom c o n t r i b u t i o n  and a v e r a g i n g  over  v a l u e s  
o b t a i n e d  from t h e  3 hydophones ( s p a c i a l  d i v e r s i t y )  g i v e s  a  r e l i a b l e  r e s u l t  
i f  bottom c h a r a c t e r i s t i c s  a r e  known. 

For f r e q u e n c i e s  below lOOOHz t h e r e  is no s imple  r u l e  a v a i l a b l e .  Some 
mode l l ing  work h a s  been s t a r t e d  and s h a l l  be v e r i f i e d  i n  known a r e a s  u s i n g  
t h e  r a n g e  i t s e l f .  

4 - CONCLUSION 

The system must be d e l i v e r e d  f o r  a c c e p t a n c e  t e s t  i n  summer ' 8 5 .  Sea t r i a l s  
a r e  a l s o  f o r e s e e n  i n  o r d e r  t o  v e r i f y  a t  s e a  o p e r a t i o n s  o f  t h e  v a r i o u s  p a r t s  
o f  t h e  sys tem i n  F a l l  ' 85 .  
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FIG.l - AT-SEA SUBSYSTEM. BASIC CONFIGURATION 

FIC.2 - NAVIGATION SUBSYSTEM 

FIC.3 - SIGNAL ACQUXSITXON SUBSYSTEM ABOARD ASSIST SHIP 
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FIG.4 - ON-LAND ANALYSIS SUBSYSTEM 

Y-Z PROJECTION 

~ 1 c . 5  - DEFORMATION OF THE RANGE 

CURRENT 1 PLANE Y-Z - 

I*. a 

Mobile range 

X-Z PROJECTION 

FIG.6 -DEFORMATION OF THE RANGE 

CURRENT 1 PLANE X-Z 
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Y-Z PROJECTION 

Mobile range 

fIC.7 - DEFORMATION OF THE RANGE 

CURRENT 1 P U N E  Y-Z 
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FIG.9 - EXAMPLE OF SIMULATED NAVIGATION COURSE 

FIG.10 - LAUNCHING OF THE TWO SECTIONS OF MOORING A 

FIG.ll - ARRANGEMENT OF MOORINGS A AND B BEFORE SINKING 
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DISCUSSION 

A . D .  S t u a r t  (Uni ted  S t a t e s ) :  Does t h e  measurement range have t h e  a b i l i t y  
t o  moni to r  t h e  a s p e c t  a n g l e  of  t h e  " t a r g e t "  o r  " t e s t "  v e s s e l ,  a s  w e l l  a s  
i t s  range? I f  s o ,  how i s  t h i s  t o  be done? 

E .  Cern ich :  
.- 

n o t  have t h e  
t h e  e s t i m a t e d  

Moni to r ing  equipment i n s t a l l e d  on board  t h e  a s s i s t  s h i p  does  
c a p a b i l i t y  t o  moni to r  t h e  a s p e c t  of t h e  t e s t  v e s s e l .  However, 
a s p e c t  a n g l e  o f  t h e  t e s t  v e s s e l  can be  made a v a i l a b l e  o n - l i n e  

onboard t h e  t e s t  v e s s e l  by r e f e r e n c e  t o  t h e  t r a n s p o n d e r s '  base  l i n e ;  a s h o r e  
i t  can be  measured by r e f e r e n c e  t o  t h e  hydrophone HI-H4 b a s e l i n e .  Real-  
t i m e  ranges  t o  hydrophones HI and H4 a r e  c o n t i n u o u s l y  d i s p l a y e d  on board  
t h e  a s s i s t  s h i p .  

A . W .  George (Uni ted  S t a t e s ) :  Does t h e  on-board m o n i t o r i n g  (qu ick- look)  
sys tem have range c o r r e c t i o n ?  

E .  Cern ich :  Ranges a r e  measured d i r e c t  t o  t h e  two t r a n s p o n d e r s .  On board 
t h e  a s s i s t  s h i p  ranges  t o  hydrophones H 1  and H4 a r e  d i r e c t l y  d i s p l a y e d ,  
t h e r e b y  p r o v i d i n g  c o r r e c t  r a n g e s  t o  t h e  above hydrophones .  

C . C .  Leroy ( F r a n c e ) :  Is t h e r e  any s e c u r i t y  danger  i n  t r a n s m i t t i n g  t h e  
r e c e i v e d  s i g n a l s  by radi-o? 

E .  Cern ich :  The need t o  a v o i d  b r o a d c a s t i n g  t h e  d a t a  was t a k e n  i n t o  con- 
s i d e r a t i o n .  We shou ld  n o t  f o r g e t  t h a t  t h e  t r a n s m i t t i n g  and r e c e i v i n g  
a n t e n n a e  a r e  o p e r a t i n g  o v e r  t h e  s e a  s u r f a c e .  By an a p p r o p r i a t e  c h o i c e  of  
t h e  t r a n s m i t t i n g  f r e q u e n c y ,  t h e  v e r t i c a l  d i r e c t i v i t y  p a t t e r n  of t h e  t r a n s -  
m i t t i n g  a n t e n n a e ,  and t h e  t r a n s m i t t e r  o u t p u t  power, t h e  s u r f a c e  r e f l e c t i o n  
a l l o w s  t h e  u s e f u l  r e c e p t i o n  d i s t a n c e  from t h e  buoy t o  be l i m i t e d  t o  a range 
of abou t  one m i l e  c e n t r e d  a t  one m i l e .  
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