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PROGRAMMABLE SCANNER FOR LASER BATHYMETRY

b y  R .  A X E L S S O N  ( * ) ,  O .  S T E I N V A L L  ( * * ) ,  P .  S U N D B E R G  ( * * * )

Abs tract

T h is  a r t icle  d e s c r ib e s  a  p r o g r a m m a b le  s c a n n e r  f o r  la se r b a th y m e tr y . P r e s e n t  

s ca n n e r s  u se  a  f ix e d  p a tte rn  s c a n . A  p r o g r a m m a b le  s c a n n e r  h o w e v e r  o f fe r s  m a n y  

a d v a n t a g e s  r e g a r d in g  s y s te m  p e r fo r m a n c e  a n d  u tility  in  th a t th e  s o u n d in g  p a ttern  

a n d  s p o t  d e n s ity  c a n  b e  c h o s e n  b y  th e  o p e r a t o r  a n d  o p t im iz e d  f o r  th e  s p e c i f ic  

ch a r t in g  m iss io n .

INTRODUCTION

A c o u s t i c  e c h o  s o u n d in g  t e c h n iq u e s  fo r  d e p th  m e a su r e m e n t h a v e  re c e n tly  

b e e n  c h a lle n g e d  b y  fa s te r  a n d  m o r e  e f fic ie n t  m e t h o d s  s u c h  a s  a ir b o r n e  la se r 

b a th y m e tr y . W h i le  re s tr ic te d  t o  s h a l lo w  c o a s t a l  w a te rs  o n ly , la s e r  b a t h y m e t r y  still 

o f fe r s  a  g r e a t  p o te n tia l w ith  its h ig h  s u r fa c e  c o v e r a g e  ra te , h ig h  m o b il it y  a n d  c o s t  

e f fe c t iv e n e ss .

L a s e r  b a th y m e tr y  h a s  b e e n  d e v e lo p e d  in  A u s t r a l ia  [1 ] ,  C a n a d a  [ 2 ] ,  [3 ]  a n d  

th e  U .S .A .  [4 ] .  T e s t s  h a v e  a ls o  b e e n  p e r fo r m e d  in S w e d e n  [5 ] a n d  re c e n tly  a  test 

s y s te m  h a s  b e e n  d e v e lo p e d  t o  s tu d y  v a r io u s  a p p li c a t io n s  o f  la se r  d e p th  s o u n d in g . 

T h e  s y s te m  c a n  b e  b o r n e  b y  a  h e li c o p te r  w h ich  is q u ite  u se fu l in  th e  S w e d is h  

a r c h ip e la g o  w ith  its n u m e ro u s  is la n d s , n a r r o w  s tra its  a n d  sh ip  ro u te s . T h e  s y s te m  

c o n ta in s  m a n y  a d v a n c e d  fe a t u r e s  a s  r e g a r d s  s ig n a l h a n d lin g  a n d  p re s e n ta t io n . 

O n e  o f  th e  k e y  c o m p o n e n t s  is a n  a d v a n c e d  s ca n n e r .

W h ile  a s  fa r  a s  w e  k n o w , a ll o th e r  s c a n n e r s  fo r  la s e r  b a t h y m e t r y  u s e  a  

f ix e d  p a tte r n , th e  s c a n n e r  d e s c r ib e d  in  th is  a r t ic le  is fu lly  p r o g r a m m a b le  w h ic h  

o f fe r s  m a n y  a d v a n t a g e s  in  e f f i c ie n c y ,  s p o t  d e n s ity  c h o ic e ,  c h o i c e  o f  n a d ir  a n g le  

e t c . ,  a ll o f  w h ic h  w ill h a v e  a  s tr o n g  im p a c t  o n  s y s te m  p e r fo r m a n c e  a n d  utility .

( * )  S a a b  Instrum ents A B ,  B o x  1 0 1 7 ,  S -5 5 1  11 Jon k op in g , S w e den .

(* * )  Sw edish  D e fe n c e  R esearch  Institute, B o x  1 1 6 5 ,  S -5 8 1  11 L in kopin g, S w eden .

(* * * ) Sw edish  H y d rog ra p h ic  D epartm en t, S -6 0 1  7 8  N orrk op in g , S w eden .



T h is  a r t icle  w ill d is cu s s  s o m e  o f  th e  d e s ig n  co n s id e r a t io n s  re la t in g  t o  a  la s e r  

b a t h y m e t r y  s y s te m  in g e n e r a l a n d  h o w  th e s e  w ill im p a c t  o n  s ca n n e r  d e s ig n . 

F a c t o r s  o f  p r im e  im p o r ta n c e  a s  re g a r d s  th e  a c c u r a c y  w ill b e  d is c u ss e d  in g r e a te r  

d e ta i l. A  t e c h n ic a l  d e sc r ip t io n  o f  th e  s c a n n e r  w ill b e  g iv e n  a lo n g  w ith  s o m e  

e x a m p le s  o f  o b ta in e d  resu lts .

DESIGN CONSIDERATIONS

In  th e  d e s ig n  o f  a  la se r  b a th y m e te r  se v e ra l  c o n s id e r a t io n s  m u st  b e  ta k e n  

in to  a c c o u n t .  F irst o f  a ll th e  sy s te m  m u st  g iv e  a c c u r a t e  d a ta  in x , y ,  z  a t a  

m in im u m  s o u n d in g  d e n s it y .  M o r e o v e r  th e  s y s te m  m u s t  fu lfill sa fe ty  re q u ire m e n ts  

c o n c e r n in g  e y e  a n d  fligh t sa fe ty . B e s id e s  th e s e  a b s o lu te  re q u ire m e n ts , th e  s y s te m  

m u s t  b e  c o s t  e f fe c t iv e  in te r m s  o f  m a n p o w e r  in v o lv e d  in  e a c h  m iss io n , th e  a ir c ra ft  

c o s t ,  th e  c o v e r a g e  ra te , d e p t h  p e n e tr a t io n  a n d  th e  s y s te m  utility.

In  a d d it io n  t o  th e  a b o v e  f a c t o r s ,  th e  s c a n n e r  d e s ig n  is in flu e n ce d  b y  th e  

c h o i c e  o f  p la t fo r m , s o u n d in g  p a tte rn , s p o t  d e n s it y ,  a c c u r a c y ,  utility a n d  e f fi c ie n c y .

T he platfo rm  choice  is  d e p e n d e n t  o n  th e  o p e r a tin g  s ce n a r io . A  h e l ico p te r  

o f fe r s  m a n y  a d v a n t a g e s  c o m p a r e d  t o  a  f ix e d  w in g  a ir cr a ft  in  a r c h ip e la g o  a re a s  

w h e r e  its m o r e  f a v o u r a b le  tu rn  g e o m e t r y  a n d  lo w  s p e e d  e n a b le  it to  u se  m o r e  o f  

its f lig h t  t im e  a b o v e  th e  a r e a  o f  in teres t . W h i l e  th e  s p e e d  o f  a  f ix e d  w in g  a ir cr a ft  

c a n  e x c e e d  th a t  o f  a  h e li c o p te r  a t p re s e n t  th e  a re a  c o v e r a g e  ra te  w ill b e  lim ited  

b y  la s e r  re p e t it io n  f r e q u e n c y  ( f o r  a  g iv e n  sw a t h  w id t h ) ra th e r  th a n  a ir cra ft  s p e e d .  

A n o t h e r  a s p e c t  w h ic h  fa v o u r s  a  h e li c o p te r , e s p e c ia lly  in  S w e d e n , is that it c a n  b e  

u s e d  to  set o u t  tr a n s p o n d e r s  fo r  p o s it io n in g  s y s te m s  a n d  fo r  g e o d e t ic  w o r k  in 

c o n ju n c t io n  w ith  c o n v e n t io n a l  sh ip  s u r v e y s . A lt h o u g h  it o f fe r s  a  h a r d e r  v ib r a t io n  

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

h e l ic o p t e r  w o u ld  b e  th e  b e s t  c h o i c e  f o r  a  fu tu re  o p e r a t io n a l  sy s te m  in S w e d is h  

w a te r s .

T h e  a b i l i t y  t o  s e l e c t  th e  s o u n d in g  p a tte rn  a n d  d e n s ity  o f f e r s  m a n y  

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

s o u n d in g  p a tte rn  a n d  s p o t  d e n s it y  c a n  b e  a d ju s te d  b y  th e  o p e r a t o r  a c c o r d in g  t o  

th e  a r e a  o f  in tere st i .e . a  r o c k y  a r e a  c l o s e  to  a  sh ip  ro u te .

T he  ac c u rac y  o f  t h e  d a t a  c o l l e c t e d  is  d e p e n d a n t  o n  s e v e r a l  f a c t o r s  

c o n n e c t e d  to  th e  s c a n n e r . T h e  b e a m  n a d ir  a n g le  a ffe c t s  th e  d e p th  b ia s , w h ic h  h a s  

to  b e  ta k e n  in to  a c c o u n t  d u r in g  th e  fin a l c o r r e c t io n  o f  d e p th  d a ta . It h a s  b e e n  

s h o w n  b y  G u e n th e r  [6 ]  th a t th e  b e a m  a n g le  w ill h a v e  a  g r e a t  e f fe c t  o n  d e p th  a n d  

th a t  a  n a d ir  a n g le  o f  1 5 - 2 5  d e g r e e  ra n g e  w ill m in im iz e  this b ia s  e rror  d e p e n d in g  

o n  th e  s ig n a l p r o c e s s in g  c h o s e n  fo r  e c h o  e x t r a c t io n . T h e  a c c u r a c y  a ls o  d e p e n d s  

o n  th e  a b i lity  o f  th e  s y s te m  t o  d e te rm in e  a  m e a n  s e a  s u r fa c e  re fe r e n c e . T h is  is 

o f t e n  d o n e  b y  s e n s in g  th e  s u r fa c e  r e f le c t io n  o f  th e  IR  b e a m  o f  th e  N d : Y A G  

tra n sm itte r . H o w e v e r ,  d u r in g  c a lm  c o n d it io n s  th is  re f le c t io n  m a y  b e  t o o  w e a k  to  

b e  d e t e c t e d .  In  s u ch  a  c a s e  th e  p o ss ib ilt y  o f  c h a n g in g  th e  b e a m  n ad ir  a n g le  fr o m  

e .g .  2 0  d e g r e e s  t o  1 0  d e g r e e s  w ill b e  v e r y  u se fu l.

T he u tility  an d  e ffic ie ncy  o f  th e  s y s te m  w ill b e  im p r o v e d  if th e  s c a n n e r  c a n  

a d o p t  t o  the s p e c i f ic  s u r v e y in g  m iss io n  a n d  t o  th e  e n v iro n m e n ta l co n s tra in ts .



T h e  a r g u m e n ts  g iv e n  a b o v e  le a d  t o  a  s c a n n e r  d e s ig n  c a p a b le  o f  g e n e r a tin g  

d e s ir a b le  s o u n d in g  p a tte rn s  a n d  s p o t  d e n s it ie s . T h is  c a n  b e  a c h ie v e d  w ith  a  

s c a n n e r  u s in g  a  fla t m irro r  g im b a l le d  in tw o  p e rp e n d ic u la r  d ire c t io n s  a n d  d r iv e n  

b y  to r q u e  m o t o r s .  In  p r in c ip le  a n y  s c a n  p a ttern  c a n  b e  p r o g r a m m e d  in to  th e  

s y s te m  a n d  a  v e r t ic a l  s e n s in g  g y r o  c a n  s ta b iliz e  th e  s c a n n e r  in s p a c e ,  i .e . th e  

o u t g o in g  la se r b e a m  is in d e p e n d e n t  o f  the p itc h , ro ll a n d  y a w .

A  s c a n n e r  a lo n g  th e  a b o v e  lin es  w a s  s p e c if ie d  b y  th e  S w e d is h  D e fe n c e  

R e s e a r c h  In stitu te  f o r  a  r e s e a r c h  p r o g r a m  in la se r b a th y m e tr y  a n d  bu ilt b y  th e  

S a a b  In stru m e n ts  c o m p a n y .

SCANNER DESCRIPTION

T h e  s c a n n e r  m irr o r  is c i r c u la r  w ith  a  d ia m e te r  o f  2 8 0  m m , c a p a b le  o f  

w o r k in g  w ith  a  r e c e iv e r  a p e r tu re  o f  2 0 0  m m . T h e  m irro r  is co n tr o lle d  b y  to r q u e  

m o to r s  in  b o th  a x e s  a n d  th e  a n g le s  a re  s e n s e d  b y  e n c o d e r s .  A t t a c h e d  t o  th e  

s e n s o r  fra m e  ( c o n t a in in g  la se r , r e c e iv e r  a n d  s c a n n e r )  is a  v e r t ic a l  g y r o ,  b e in g  a  

r e fe r e n c e  fo r  th e  ro ll a n d  p itch  a n g le s . A  ra te  g y r o  c a n  b e  im p le m e n te d  fo r  th e  

y a w  a n g le . C o m p e n s a t io n  f o r  y a w  is d o n e  b y  s im u lta n e o u s  a d ju s tm e n t  in  tw o  

a x e s . T h e  to ta l w e ig h t  o f  th e  s c a n n e r  in c lu d in g  v e r t ic a l  g y r o  is 2 4 . 6  k g  a n d  o f  

th e  e le c t r o n ic s  u n it 1 3 .5  k g . T h e  c o m p le t e  s c a n n e r  s y s te m  is s h o w n  in F ig u re  1.

S c a n n e r  m o v e m e n t  is co n tr o lle d  b y  a  m ic r o c o m p u t e r  s y s te m . S c a n  p a tte rn  

v a l u e s  a r e  s t o r e d  in  P R O M  o r  c a n  b e  f e d  in t o  t h e  c o n t r o l l e r  f r o m  a  h o s t  

c o m p u t e r .  S c a n n e r  s tar t u p , s c a n n e r  m o d e  (p a tt e r n )  a n d  o f fs e t  v a lu e s  a re  a ls o  

g iv e n  b y  the h o s t  c o m p u te r .

P r e s e n t  s c a n n e r  d e s ig n  p erm its  a  m a x im u m  la tera l b e a m  a n g le  o f  + 2 5  

d e g r e e s , 1 5  d e g r e e s  in th e  b a c k w a r d  d ir e c t io n  a n d  2 5  d e g r e e s  in fligh t d ir e c t io n . 

S c a n n e r  f r e q u e n c y  fsc s c a le s  a p p r o x im a te ly  a s

fs c ~  fp X a / 2  x S

w h e r e  fp is th e  la s e r  re p e t it io n  f r e q u e n c y ,  a  th e  d is ta n c e  b e tw e e n  la se r  s p o t s  o n  

th e  s u r fa c e  a n d  S  th e  sw a t h  w id th . G iv e n  a  sw a t h  w id th  o f  e .g .  2 0 0  m , a  s p o t  

d is ta n c e  a  o f  5  m e te r s  a n d  a  p u lse  re p e t it io n  f r e q u e n c y  o f  e .g .  1 0 0  H z ,  th e  

s c a n n e r  f r e q u e n c y  is a p p r o x im a te ly  2 .5  H z .  A  la se r  re p e t it io n  f r e q u e n c y  o f  a b o u t  

1 - 2 0 0  H z  is t y p ic a l  o f  t o d a y ’ s  t e c h n o lo g y  u s in g  f la s h - la m p  p u m p e d  N d : Y A G  

la sers  [1 ] .

T h e  a re a  c o v e r a g e  ra te  Y  c a n  b e  e s t im a te d  b y  Y  “  fp < a 2 a s s u m in g  a  

u n ifo rm  s p o t  d e n s ity .  In th e  e x a m p le  a b o v e  this im p lie s  Y  ~  9  k m 2/h .  C u -v a p o r  

la s e rs  a n d  fu tu re  d io d e -p u m p e d  so lid  s ta te  la s e r s  m a y  o f fe r  still h ig h e r  re p e t it io n  

fre q u e n c ie s  d u e  t o  su b s ta n tia lly  b e tte r  e f f i c ie n c y .  A s s u m in g  fp = 1 k H z  a n d  S  = 

2 0 0  m  g iv e s  Y  555 9 0  k m 2/ h  a n d  a  s c a n n e r  f r e q u e n c y  o f  2 5  H z  m a in ta in in g  a  

s p o t  d is ta n c e  o f  5  m . S u c h  a h ig h  f r e q u e n c y  is d iffi cu lt  t o  r e a liz e  w ith  s u c h  a  

la r g e  m irro r  d ia m e te r  a s  2 8  c m . If th e  h ig h e r  la se r  f r e q u e n c y  is u s e d  it c a n  

in c re a s e  b o th  c o v e r a g e  ra te  a n d /o r  s o u n d in g  d e n s ity ;  c h o o s in g  e .g .  a  + 5  m  a n d  

S  -  2 5 0  m  will le a d  to  Y  ~  9 0  k m 2/ h  w ith  a  s ca n n e r  f r e q u e n c y  o f  a b o u t  lO h z .



FlG. 1.— Scanne r  unit seen from above  and be low (uppe r  left and r ight) toge the r with e lectronics  control 

(be low) unit. Size  is indicated by matchbox .

T h e  p re s e n t  d e s ig n  is , h o w e v e r ,  c a p a b le  o f  s c a n n e r  fr e q u e n c ie s  u p  to  1 0  H z  at 

full a n g u la r  ra n g e  a n d  u p  to  1 5  H z  at half ra n g e  (F ig . 2 ) .

D u r in g  a  s u r v e y  th e  o p e r a t o r  c a n  c h o o s e  s c a n n e r  m o d e  ( u s i n g  p r e 

p r o g r a m m e d  s c a n n e r  p a tte rn s ) a n d  s o u n d in g  d e n s ity . U s in g  th e  cu rren t a ltitu de 

( b y  o p e r a to r  o r  fro m  a n  a lt im e te r ), th e  s ca n n e r  co n tr o lle r  ca lc u la te s  a n d  se n d s  

b a c k  a  r e c o m m e n d e d  s p e e d . T h e  co n tr o lle r  a ls o  s ig n a ls  s ta tu s  to  the s ca n n e r  

sy s te m .
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FlG. 2 .—  S can n er  an g le  (= b e am  an g le) a s a  fun ction  o f  scann er freq u e n cy . 

X  and Y  refer to  the perpendicu lar d irections with X  in flight d irection .

T a b le  1 lists s o m e  o f  th e  m o r e  im p o rta n t  t e c h n ica l  p a r a m e te rs .

Mirro r

D ia m e te r

Beam n a d ir  

L a te ra l 

B a c k w a r d  

F o rw a rd  

(F lig h t  d ir .)

T able  1 

Scanne r  charac te r is tic s

Se ns ors

2 8 0  m m

+ 2 5  d e g . 

- 1 5 "

+ 2 5 "

Mechanica l

D ig ita l s e r v o lo o p s  

S a m p lin g  fr e q u e n c y  1 k H z  

We igh t/d im e ns ions

S c a n n e r  

E le c tr o n ic s  un it

A n g le  e n c o d e r s  

R e so lu t io n  0 . 0 0 5  d e g .

V e r t ic a l  g y r o

V e r t , a c c u r a c y  ± 0 . 3  d e g .  

R a te  g y r o

R e so lu t io n  0 . 0 2 5  d e g . / s  

In ter fa ce

1 seria l E l  A  R S  2 3 2  

1 p a ra lle l 1 6  b its , E l  A  R S  4 2 2

2 4 . 6  k g / 1 6 0  x 2 5 5  x 2 5 5  m m  

1 3 .5  k g / 3 2 0  x 2 0 0  x 2 6 0  m m

Environme nta l c r ite r ia

T h e  s c a n n e r  is te s te d  in a c c o r d a n c e  w ith  a irw o rth in e ss  c r ite ria  fo r  a  h e lico p te r .



BEAM POSIT IONING A C C U R A C Y

T h e  s c a n n e r  o u t p u t  a n g l e s  m u s t  b e  a v a i l a b l e  in  c o n j u n c t i o n  w ith  th e  

p la t fo r m  p o s it io n  f o r  d e te r m in a t io n  o f  th e  e x a c t  la se r  s p o t  p o s it io n  o n  th e  s u r fa c e .  

T h e  s c a n n e r  a n g le s  a re  a ls o  u s e fu l in  d e te rm in in g  a  w a v e  c o r r e c t o r  b y  e v a lu a tin g  

th e  w a v e  h eig h t f o r  e a c h  la se r  sh o t  t o  c o r r e c t  th e  m e a su r e d  d e p th .

If th e  rm s -e rr o r  o f  th e  s p o t  is m a x im is e d  a t 5  m e te rs  a n d  w e  c a n  a ss u m e  a  

p la t fo r m  p o s it io n  e rro r o f  3  m e te r s ,  th e  e rro r  a s s o c ia t e d  w ith  th e  s ca n n e r  a n d  

a lt itu d e  m u st  b e  le s s  th a n  4  m e t e r s .  T h e  s c a n n e r  c o m p u t e r  s e n d s  th e  a n g le s  <px 

a n d  4>, r e la t iv e  t o  n a d ir  w ith  th e  h e lp  o f  th e  v e r t ic a l  g y r o .  A z im u t h  o f  the 

p la t fo r m  is g iv e n  b y  a  c o m p a s s  o r  th e  ra te  g y r o .  In fig u re  3  th e  a n g le s  </>x  a n d  

4>y a r e  d e f i n e d  a s  w e l l  a s  t h e  c o o r d i n a t e  s y s t e m  o n  t h e  w a t e r  s u r f a c e  t o  

d e te r m in e  th e  la se r  s p o t  p o s i t io n  P . F r o m  th e  fig u r e  it is c o n c lu d e d  th a t  th e  la s e r  

s p o t  p o s it io n  v e c t o r  r = ( x , y )  = H * [ta n (< /> „), ta n (< £ y) ]  a n d  th a t

r2 = H 2* t a n 2( 0 )  = H 2* [ t a n 2(<£x) + ta n 2( $ y )] ( 1 )

w h e r e  6 is  th e  b e a m  n a d ir  a n g le  d e f in e d  in fig u r e  3 .  W e  c a n  n o w  p e r fo rm  

c o n v e n t io n a l  e rro r a n a ly s is  t o  d e te rm in e  th e  e rro r  in  p o s it io n  a t  P  a s  a  fu n ct io n  o f  

a n g le  a n d  a lt itu de  ( H )  e r r o r s .  If w e  c h o o s e  a  s c a n n e r  p a ttern  c l o s e  t o  a n  a r c  ( c f .  

f ig . 6  b e lo w )  b u t  lim ited  t o  <£y= +  2 0  d e g r e e s  w e  w ill k e e p  a  c o n s ta n t  b e a m  n ad ir  

a n g le  0 = 2 0  d e g r e e s .

A s s u m in g  th a t th e  e rr o rs  in  <■/>„ a n d  <t>y a re  e q u a l a n d  = o é , a n d  that th e  

a lt itu d e  e rro r  is l m ,  w e  c a n  p lo t  th e  b e a m  p o s it io n  e rro r  fo r  a  g iv e n  a ltitu de  H , 

a n d  cth to  s e e  th at th e  e r r o r  d e p e n d s  s o m e w h a t  o n  th e  v a lu e  o f  <py a n d  h a s  a  

m a x im u m  a r o u n d  <̂>y = 1 5  d e g r e e s  ( fig . 4 ) .  If w e  c h o o s e  th is v a lu e  f o r  <py w e  c a n  

p lo t  th e  s p o t  e rro r a s  a  fu n c t io n  o f  a¢, fo r  d iffe re n t  a ltitu d e s ( fig . 5 ) .

F r o m  fig u re  5  w e  c a n  c o n c lu d e  th a t s c a n  a n g le  e rro rs  u p  t o  0 .5  d e g r e e s  

c a n  b e  to le ra te d  f o r  a n  a lt itu d e  o f  3 0 0  m  o r  le ss  if w e  d e m a n d  a n  a b s o lu te  b e a m  

s p o t  e rr o r  o f  5  m  a n d  c a n  p o s i t io n  th e  p la t fo rm  w ith in  3  m  a c c u r a c y .

T h e  p r e se n t  s c a n n e r  m e e ts  th e  a n g le  e r ro r  d e m a n d  d u e  t o  h ig h  a c c u r a c y  

v e r t ic a l  g y r o  a n d  a n g le  e n c o d e r s .  G r e a t  c a r e  h a s  a ls o  b e e n  ta k e n  t o  c o r r e c t  th e  

r a w  g y r o  a n d  a n g u la r  e n c o d e r  s ig n a ls  f o r  g e o m e t r y  ( tr a n s fo rm a tio n  o f  a n g le s  

d e f in e d  in d iffe re n t  c o o r d in a t e  s y s t e m s )  a n d  u se  th e m  to  c a lc u la t e  th e  w a n te d  

a n g le s  </>x a n d  cf)y. T h is  c a lc u la t io n  is d o n e  in re a l t im e  in th e  s c a n n e r  p r o c e s s o r .

EXAMPLES OF SCANNER PATTERN.

A s  p o in te d  o u t  in  th e  in t ro d u c t io n  th e  d e p th  a c c u r a c y  d e p e n d s  o n  s u ch  

fa c t o r s  a s  b e a m  n a d ir  a n g le  a n d  th e  a b ility  to  d e te rm in e  a  m e a n  se a  s u r fa c e  

r e fe r e n c e .  A s  a  co n s ta n t  b e a m  n a d ir  a n g le  a ro u n d  2 0  d e g r e e s  w o u ld  m in im iz e  the 

d e p th  e r ro r , a c o n ic a l  s c a n  w o u ld  s e e m  to  b e  id e a l.  H o w e v e r ,  a  fu ll c o n ic a l  s c a n
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S c a n  a n g le  in y -d ir e c t io n  ^  ^ ( d e g .)

FlG. 4 .— Be am pointing error as  a  func tion of s can angle  <£y for  an  altitude  H  =  3 0 0m , altitude  error 

¢7  ̂=  1 m  and  s can angle  errors  o ^ —O.S degrees .



S c a n  a n g le  e r r o r  d e g r e e s

FlG. 5 .—  Max imum  be am point ing e rror as  a  func tion of s can angle  errors  o ¢ . Hor izonta l line  indicates  

max imum pe rmitted be am pointing error for a  platform error of 3 m 

and  an absolute  be am pos ition within 5m.

h a s  th e  d is a d v a n ta g e  o f  o v e r s a m p le  c lo s e  t o  th e  e d g e s  o f  th e  sw a th  (F ig .  6 )  

g iv in g  p o o r  e f fi c ie n c y  o f  th e  sy s te m . O n e  w a y  to  c ir c u m v e n t  th is p ro b le m  is to  

t r ig g e r  th e  la se r  a t ce r ta in  f ix e d  a z im u th  a n g le s  to  d is tr ib u te  th e  la se r  s p o t s  m o r e  

u n ifo rm ly  b u t  this is ra th e r c o m p l ic a t e d .  H o w e v e r ,  f o r  a  p r o g r a m m a b le  s ca n n e r  

o n e  c a n  c h o o s e  a  s e m ia r c  p a tte rn  a c c o r d in g  to  F igu re  7 .  T h is  c o m b in e s  the 

a d v a n t a g e  o f  a  c o n s ta n t  b e a m  n ad ir a n g le , co n s ta n t  s la n t r a n g e  a n d  u n ifo rm  s p o t  

d e n s ity .

CONCLUSIONS

A  s c a n n e r  c a p a b le  o f  g e n e r a tin g  s e le c ta b le  s c a n  p a tte rn s  a n d  s p o t  d e n s it ies  

o f fe r s  m a n y  a d v a n t a g e s  f o r  la se r  b a th y m e tr y . S u ch  a d v a n t a g e s  in c lu d e  u n ifo rm  

s p o t  d e n s ity  m a in ta in in g  a  c o n s ta n t  b e a m  n a d ir  a n g le . S o u n d in g  p a tte rn  a n d  s p o t  

d e n s i t y  c a n  b e  c h o s e n  b y  t h e  o p e r a t o r  a c c o r d i n g  t o  th e  a r e a  o f  in t e r e s t .  

A l t o g e t h e r  th is  i n c r e a s e d  f l e x ib i l i t y  c o m p a r e d  t o  a  f i x e d  p a t t e r n  s c a n n e r  w ill 

in c r e a s e  th e  sy s te m  a c c u r a c y ,  utility a n d  e ffi c ie n cy .



Circular sweep

X-POSITION meters

F i g . 6 .—  Projection of a  conica l s can patte rn on the  wate r  surface . 

Note  the  ove rs ampling along  the  edges  of the  swath.

X-position meters X-position meters

FlC. 7 .—  Example  of s canne r  pat te r n ge ne rated dur ing field trials. Alt itude  wa s  2 0 6  meters  a nd  swath 

width  was  150  meters . Le ft, the  s canne r  pat te r n in the  he licopte r coordinate  s ys tem and, r ight, the  patte rn

gene rated on the  wate r  surface .
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