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                             SUMMARY

    For estimating  the diTectional spectrum  of  short-crested  seas  Circular Array Method

(CAM) is proposed. CAM  is an  array-dependent  method,  distributing wave  gauges on

a  ci[cle  and  one  on  the center  of  the circle.  Through  this array  arrangement  the Fourier

coeficients  of  the directional distribution function can  be evaluated  by a  simple  calcul  ation,

inyerse Fourier transformation of  cross  spectrum.  But for higher orders  MEM  extrapolation

is used.

    Fourier coeficients  are  calculated  directly and  distinct}y with  sirnple  equation,  so

it is easier  than  other  methods  (e.g. MLM)  to estimate  the reliability of  the result  and

to find the reason  when  we  get an  unexpected  directional distribution, For a  single-peak

distribution the resolution  of  CAM  is satisfactory  with  a  ski11fu1  filter, but fbr complicated
distribution there is a room  for impTovement of  MEM  extrapclation  process.

    -Standing  wave  effect  caused  by a  reflection  wall  can  be a  serious  problem  for exper-
iments in model  basins and  for field measurements.  Application of  CAM  to those wave

fields was  studied  qualitatively and  quantitatively. The  behEuvior of  the interaction term

was  discussed re}ating  to the distance of  the array  from the wall, the array  size,  the incident
angle  to the wall  and  so  on.  These discussions were  confirmed  by simulations.

1 INTRODUCTION

    Estimating the directional distributioh of short-crested  seas  has been increasingly
important for naval  aTchitects  and  civil  engineers.  Recently some  methods  based on  sta-

tistical models  have been deyeloped and  getting popular Iike MLMi),  MEM2),  MBM3)  and

so  on.  These methods  are  reported  to have a  better resolution  than  conventional  methods

with  small  number  of  sensors,  but have some  instability inherent in the modeling.  In this

report  an  array-dependent  method,  using  waye  gauges distiibuted on  a  circle  and  on  the

origin,  is proposed. It is basically based on  the conventional  Fourier series  expansion,  but

supplemented  by MEM  extrapolation  if necessary.  Applicatien to the wave  fields thQse are

contaminated  by reflected  waves  has also been discussed.
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2 PROPERTIESOFCROSSSPECTRUM

Sb(f)In

 general 3D  wave  spectrum  S(f, e) is expres$ed  as

and  directional distribution function D(f, e) ,

a  product  of  power  spectrum

whereD(f,  e) isnormalized liko

s(f, e)== Sb(f)D(Le), (i)

y[il D(f, e) de =  1.

Cross spectrum  of $urface  elevation  measured  at  two points is

¢ (f, r)=  Zll[. S(f, e) ejk'rde

=  Sb (f) Y[ll. p(f, e) ej'k 
rde (2)

where  k
     r::wave

 number  vector

position vector  between two measuring  points.

    Later frequency f will  be dropped for simplicity. Integral signs will

from -T  to T.  It is a  comrnon  way  to express  D(e) with  a  complex  Fourier
because it must  be a  periodic fultction of  2T  

,

mean  integrals

series  as  foIIows

D(e)=  "t S P. e)me
    m=-co

(3)

Pm =  P.ejdim=  ff- .,  pNo =1

where  p.  and

spectrum  whicipmhisare

 the absolute  value  and  the phase
nondimensionalized  by Sb(f) becemesof

 pltmrespectively.Then cross

wherefo=lkl,  r=R(

 '

¢ (r) =

cosastna).

f D(e) ejk rde
 co

 2  J.(kR)pN.eim("+i)
tn=-eo

(4)
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    This equation  means  that contribution  of the component  p`'. to the cross  spectrum  is

proportional to Bessel function Jh,(kR) . When  the argument  is smal1  the absolute  value

of  Bessel function rapidly  tends to zero  with  order  m  . So if kR  value  is small,  i.e. two

wave  gauges are  too close  compaTed  to the wave  length, it is not  easy  to evaluate  higher

order  coeficients  correctly  because in that case  cToss  spectrum  includes little infbrmation

on  higher order  coeMcients,  in other  words  cross  spectrum  is not  sensitive  to the detailed

shape  of  D(e).

3 CIRCULARARRAYMETHOD

    The idea of  Circular Array Method  (CAM) is to evaluate  p"'. by inverse Fourier
trallsfoimation  of  cross  spectrum  expressed  by eq.(4)  with  keeping R  constant  like

                  P-rn =  J. ih R) Ii:.7f¢
'(a;

 R) e-"'M(a'f)da.  (s)

    When  we  only  have IV cToss  spectra  with  the same  spacial  dist ance  R  and  equiangular

distribution with  the initial angle  cro lika

                                   2r

                           
cr.

 
=

 
ao

 +  7V'n

evaluated  coeficient  P. becomes

Pm =  J-,ifoR) ktli
"

!l.,¢
'(an;R)e-Jm(an+g)

   =  JmiR)  i'li
"

lll.,(,=£
oo

-.h(foR)p-tej'(an+g)

   =  
it

co

-.
 J'h,`(("kRR)) J'-mf(t 

-
 m)  ,-,

) e")M(an+g)
(6)

where

        1
f(P) =

 N

=(

Substituting eq.(7)  to eq.(6)  we  get

                        oo

                   fi.- Z
                       l=-oe

 N2)enfleJPaoo

J'Pan

p=O,  ± N, ±2N, ･･･

other  values.

Jm+IN(foR)

Jh,(kR)iNe)'tlVaofim+IN

(7)

(8)

(597)



National Maritime Research Institute

NII-Electronic Library Service

NationalMaritimeResearchInstitute

4

so,  evaluated  coefficient  Pm by eq.(6)  includes contributions  from other  Fourier components

with  the distance of  order  IN.

    We  know

                ¢
'(-r)

 =  ¢
'(a-T;R)

                       =  ¢
t.(r)

                           co

                       =  2  J.(kR)p;e-im(a+I)
                          m=-oo

                           co

                       =  Z(-1)MJ;.(kR)pny.eiM(a'f). (g)
                          m=-co

Using to'(a-T; R) instead of  ¢
'(a;

 R) in eq.(6)  and  taking an  average  with  eq.(8)  we  get

               fini =t.Ze i.. 
Jhi')IIi'fk(lllil)

 jt"e""ao1+  
(i1)'N

 p-..,.. (lo)

If N  is an  odd  number  we  can  eliminate  contributions  from fik 
's,

 (le =  m ± IV, m ± 31V, ･ ･ -)

like

                 p,. =  ,..ZO-
e

.

 
J-f'
 
.2'("kiik)R)

 (-1)tNe2:iNaopk..,,.. (11)

4 ARRAYDESIGN

    We  have designed the circular  array  like Fig.1. N  wave  gauges (N : odd  number)  are

distributed on  the circle and  one  on  the origin.  Let us  cal1 a  group  of  N  gauge  pairs thGse

haye the same  distaRce R  
"nest".

 There are  (N +  1)12 nests  availab}e.

    Nest-O consists  of  gauge  pairs O-1, O-2, e-3, ･･･. Fbr this nest  initial angle  ao  is zero

and  distance R  is equal  to the radius  of  the circle  A. Nest-1 includes the pairs 1-2, 2-3,
3-4, ･･･,nest-2  consists  of  1-3, 2-4, 3-5, ･-･, and  so  on.  For the nests  otheT  than  O initial

angles  and  distances can  be expressed  with  nest  number  n.,

                               TT

                         
ao

 
=

 s+ivne

                         R  =  2Asin(f:n.).

Substituting ao  to eq.(11)  P. can  be expressed  using  Kronecker's

                  p,. =  i.Ze-
e

.

 
JMJ+.2t(Nk(Rk)R)

 (-i)i6("t)pA',.+2iN.

delta function 6(n.)

(12)

(598)



National Maritime Research Institute

NII-Electronic Library Service

NationalMaritimeResearch  Institute

5

     We  can  haye (IV +  1)12 eqs.(12)  for each  nests.  By  solving  these simultaneous  equa-

tions contributions  from (IV + 1)12 -  1 Fourier components  other  than  order  m  can  be

removed.

     In principle we  can  calculate  coeMcients  of  any  order  as  long as  the number  of  nests

is large enough  to remove  significant  efftict from other  coeMcients  in eq.(12).  But there is

a  pToblem  in order  m  ==  2N. Using nests  other  than  O we  can  have cross  spectra  of  21V

equiangular  directions. Directions of  gauge  pairs of  nest-O  are  located at  the middles  of

those of  other  nests.  So we  can  measure  cross  spectra  of  4N  equiangular  directions. All

rv(IV + 1)l2 cross  spectra  measured  with  this array  only  have a  part of  information of  waye

field which  is produced by order  m  =  ±21V. It is similar  to the Nyquist frequency problem
in the auto  spectrum  analysis. So in practice we  have to stop  calculation  at  rn  =  2N  

-
 1.

     In conventional  methods  with  IFburier $eries expansion4)  maximum  order  is equal  to

the number  of  cross  spectra  using  IV(N +  1)/2 simultaneous  equations  or  is less than  that

using  least-square technique. But evaluated  coeMcients  are  not  independent with  each

other,  that can  lead to an  unstable  resu}t  if some  error  is included in the cross  spectra.

MaJcimum  order  of  CAM  is smaller  than  that but results  should  be more  stal)le  because

each  coeficients  are  calculated  independently and  because we  can  select  nests  those include
much  contribution  from the order  we  are  interesSed in by considering  the magnitudes  of

Bessel functions.

     As mentioned  befbre relating  to eq.(4),  little information of  higher order  coeficients

wM  be included in the cross  spectra  if the diameter of  the circle is smal1  compared  to the

wave  length we  are  inteTested in, that Ieads to low signal/noise  ratio. So the aTray  which

has a  larger diameter can  give more  stable  and  better estimates.  The  simulation  results

with  statistical  noise  sabr  the evaluated  higher order  Fourier coeMcients  become more  stable

when  the waye  length gets shorter.  For example  if the diameter is close  to the wave  Iength
we  can  get a  good  estimate  of  the coeMcients  tilI about  order  10.

     Increasing the nurnber  of  wave  gauges not  only  enables  us  to go to higher orders

but also leads to more  stable  results  because we  can  select  more  proper nest(s)  which  has

large IJh,(leR)l value.  Btit considering  vulnerability  of  higher order  coeficients  to noise  and

costs, practical number  of  gauges wil1  be 6, 8 or  10.

5 MEM  EXTRAPOLATION

     If evalua.ted  maximum  order  of  FQurier coeficients  is rather  small  because of  noise  or

for other  reasons  D(e) will  have a  serious  truncation effect.  One  solution  to avoid  that is

to extrapolate  higher order  coeMcients  using  the similar  procedure to extrapolating  auto

correlation  function by MEM  in the auto  spectrum  analysis5).

     If we  can  assume  that Fourier coeficients  have the the similar  property to auto

cerrelation  of  wave  elevation  like
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                           P-rn=E{fif;:-.}  (13)
where  E{}  :expected  value

     n : random  Gaussian variable

     E{A}  ==  O

then we  can  calculate  p'M+i from p-o, pN±i, 
･ ･ ･ ,P ±M  by

                     Pl P2 
'''

 
'''

 PM+1
                     i- - -
                     Po 

･.
 :

                     p--, 
･-.

 I =O.  (14)
                      - -                                .
                      - --

                    Pl-M  
'''

 
'''

 
'''

 Pl

Coeficients higher than  M  +  1 can  be calculated  by repeating  this process. Evaluated
distribution D(e) is nonnegative  because

              D(e) =  "..l.ill-.pij.ejme

                   =  ". .l.il]-M  (il-iM. 2i+  1 {S.,.ftf;t-.) 
e'me

                   ==  S.ir ltim. 2i 
i+
 i ,2.

i

-,
 iej 

ie
 
.ll.S.

 (f;. ejme  )'
                                  l

2

                      1 1

                   
=

 IET. ,1-i ,M..  2I +1  
i;.-l

 f; eJ 
`"
 }l O (ls)

where  we  assume  I >  M,  PM+i =  PM +2 =  ''  ' =  P-i =  O ･

    Eq.(13) requires  that the determinants of  any  order  of  Toeplitz matrixes  must  be
nonnegative,

                      PO PI ･･･
 

･･･
 PM

                          - -
                      P-I 

L
 :

                      p--, 
'･.

 1 20. (16)
                       - -

                     P-M  
･･･

 
･･･

 
･"'

 Pl
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    The  program not  only  extrapolates  higher order  coeMcients  but modifies  lower order
ones  to make  eq.(16)  valid.  That insures ne  serious  negative  lobe of  D(e).

     This MEM  procedure is trying to maximize  the infbrmation entropy  of  virtual random

variable  fi. There seems  to be other  ways,  for example  maximizing  the entropy  of  the

variable  which  has the pTobability density function of  D(e)2). But that has not  been

examined  yet.

6 FILTERING

     In general calculated  Fourier coeficients  have some  error.  Moieover MEM  extrap-

olation  tends to stop  in lower order  than  expected  because of  numerical  problem and

sometimes  extrapolated  coeMcients  do not  converge  smoothly.  So we  need  Mtering to get
$table  estimation  of D(e). Instead of  rutering in e domain we  multiply  a  Gaussian shape

window  VAV(m) to the absolute  values  of  evaluated  Fburier coeficients  themselves,

                              IP.1-W(m) IP.1 (17)
where

                                        m2

                              VV(m)=  e'- 5JT. (18)
The  value  of  the standard  deviation a  is decided to make  D(e) smooth  and  not  to rnake

peaks too lffw. The  window  is selected  to hapve a  Ganssian shape  because if D(e) can  be
expressed  with  the power of  cosine  function, we  call  it "unimodal

 distribution" hereafteT,
the absolute  values  of Fburier coeMcients  can  be approximated  with  eq.(18).

     In the case  of  unimodal  distribution, fltered coeMcient's  can  be interpreted as  a

extended  ones  to m  direction along  the shape  of  eq.(18)6),

                                  IM

                          
D(e)=7.

 
.,l.Il]".P.

 
eiMKe

 (lg)

where

                           p.=w(m)  P.e("-i)em. (2o)
From  eqs.(18)  and  (20) the ratio  of  extension  rc is

                                       m2
                            rc2=1-                                                                      (21)
                                    2a2ioglfiml

rc should  be the same  value  for any  order  of  m.  D(e) is assumed  to be zero  fbr the range

out  of  the new  expansion.  This unimodal  fi}ter works  to make  the distribution very  smooth

and  to make  it sharp  when  almost long-crested sea  comes.  But it can  be a  too strong  filter
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when  we  expect  a  big main  peak and  small  sub  peak(s). We  should  decide if this Mter
should  be used  or  not  by what  we  expect.

7 APPLICATION  TO  THE  WAVE  FIELD  NEAR
    A  REFLECTION  WALL

    Near a  reflection  wal1  wa;ve  field is not  stationary  in space  because of  the interaction

between the incident and  refiected  waves.  That can  be a  serious  problem fbr experiments

in model  basins and  fbr field measurements  near  breakwaters and  so  on.  With  a  wal1-sided

reflector  of  coeficient  r, cross  spectrum  of  surface  elevation  measured  at  xi  and  x2  is,

             O'(X2-xl)=fD(e){elk(XivXi)  + r2e)k(x2t-xir)

                             +rejk'(X2-Xir) + rej'k'(X]r-Xi)}de  (22)
where  xi.  means  the mirror image of  xi  for the reflector.  The  first and  second  terms come

from the incident and  refiected  wewves  respectively.  The  third and  forth terms mean  the

inteTaction effect3).

    Expressing spacial  lags with  the angles  and  the distances of  the gauge pairs like

                        .,-x,  -  R(g:.x)

                       X2r"Xlr  =  R(-CsOIS.naa)

                        X2-Xlr  =  R'(sCOinS:1)

                                       -c,oj.a.
',)

                        X2r  -xl  =  R' (
(see Fig.2), then eq.(22)  leads to

                           oo

               ¢
'(X2

 -  Xi)  =  Z  { Jh,(kR) (pA'. +  r2PX)  e)'M("+l)

                          m=-eo

                            +rJh,(kR')(P.+p-'.)e)'M("'"})}.  (23)

Note that this equation  is not  a  Fourier expansion  because R' and  a',  the distance and  the

angte  between the real and  imaginary gauges, are  the functions of  a  as  fo11ows,
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R' =

 'a=

{

whereais  dimensional

(see Fig.2) smal1,

radius  of  the array,  R

where

               <(ai ne)

               n(a; n.)

    Substituting eq.(23)  to eq.(5)

paying any  attention  to the interaction terms  we  g

              P.

where

So even  if we  have so  many  gauges Qn  the circle  the evaluated  coeficients  by CAM

contaminated  by the real  parts ef  P.+2t 
's

 of  the incident waNe.

     It is n6t  so  easy  to estimate  the behavior of P. from eq.(28).  So let us

that kR' >  1 and  a  <  1, i.e. the array  is located far from the wall  compared

                          i

 2yo (1 -  2a cos7  cosa  +  a2coscr2)  
i

                               (n.=1)2,''.)
                   , (24)
 2ye (1 + asinor  + a2/4)  

i
                               (ne =  O)

 i 
-
 tan-i (1 2Sai:oor,C70ioas.) (ne ==  1, 2,-'') (2s)

g -  tan-' (, #Og,g..)                               (ne =  O)

      ized radius  of  the circle  Alyo, and  7 is related  to nest  number

                  T

              or 
=

 i"7ne

   i.e. the array  is located far ftom the reflector  compaTed  to the
'and

 a' will  be reduced  to

       R' ks 2yo{1+aC(a;n.)}  (26)
         i T

       aus+an(a;n.)  (27)

                         (ne =  1, 2, . . .)

      =  ( gi2
C-OaS

 
cr

 
COSa

 (n.=o)

      =(:S,2bl,7.COSa  
((".e, -:-t}2.'''')

           and  taking an  average  with  ¢
'"

 just liko eq.(10)  without

                      et

=  fim+r2p-"m

  + J. (rfo R) til.7 
,t

e

-

O

.

 (p`'.+2t +PX+2i) (-1)ilin+2t,. (2s)

     I},m =  f Ji(kR') cos(la')  e-jMa  da.

                 
'
 will  be

assume

 to the

(603)



National Maritime Research Institute

NII-Electronic Library Service

NationalMaritimeResearchInstitute

10

wave  length and  the radius.

dropping unimportant  terms,

I;n+21,m

Using theasymptotlc  expresslonof  theBessel function and

:tt
'

l
h

,

R

.

'

I
C

(;
S

i.,

:;
i

:,
2

L)?:s
"mada

          cos  {(m +  21)an + gm} e-jma  da (29)

where

or  exchangrng  the sumniation  and  the

Pm ftS fi. +  r2p";

      21.fda(

         T

fi =

 2kyo 
-
 i

integration,

' Jh:ikR)xlllli i
  71,(a) cos(2kA<  +  fi) e-jma
 -Z(or)  sin(2kA<  +  6) e-jTrta(m(m:even):odd) (30)

where

             IE:l ] = 
,.EcoI)-..

 (pTn+2t +  p'.+2t) (-i)' ( g?#l(,M. 
'.
 ;3:zl.

    From eqs.(28),  (29) and  (30) we  can  know some  pioperties ofP.  as  follows.

  1. Approximately the interaction effect  is proportional to 1/VEIa.

  2. Even number  coeMcients  are easier  to be contaminated  than  odd  number  ones,  be-

    cause  terms  of  order  ±(m +  21) in T(a) tend to cancel  each  other  by the work  of

    (-1)i for odd  orders.

  3. Usually the nest  which  has the biggest number  includes the least interaction effect

    because <, which  is proportional to cos7,  should  be very  small  (see eq.(26)).  We

    should  use  the information of  this nest  as  long as  IJi,(foR)1 is not  so  smal1.

  4. [[bo large array  leads to bad estimates  because of  large leA value  in eq.(30).  On  the

    other  hand a  smal1  arrEry  makes  the absolute  value  of  J.(kR) in the denominator too

    small.  The  radius  of  the same  order  as the wave  length should  be recommended.

  5. When  the incident warre  comes  almost paralIel to the wal1  the interaction effect  will

    be small  because reai parts of  all P.+2i 's  decay smoothly  aRd  those are  expected  to

    cancel  each  other.
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6. 0n the othei  hand when  the incident wave  comes  with  the right  angle  to the wall  we

  will haye serious  interaction effect  because p-. 
's

 are  proportional to jM, which  means

  all P.+2t(-1)i 
's

 have the same  signs.  But if rn  i$ an  odd  number  we  can  have an

  exact  estimate  because p-.+2i 
's
 have no  real  paits.

7. As long as  D(e) has broad and  smooth  shape,  i.e. higher order  coeficients  are

  negligible,  the interaction term  is not  so  sensitive  to the parameter a.

8 SOMESIMULATIONRESULTS

     Simulations are  carried  out  for cos2Se  distributions and  superpositions  of  them.  All

the resu}ts  in this report  are  of  cross  spectra  without  noise. The  radius  of  the ciicular

array  is 1 meter  and  8 wave  gauges  are used  (N =7)  for all cases.  So the maximum  order

of  Fourier coeficients  is 13. MEM  extrapolation  is only  used  when  calculated  higher order

coeficients  are  not  reliable  or when  negative  lobe(s) cannot  be removed  by filtering.

     Fig.3 shows  the results  of  unimodal  distributions using  the unimodal  filter. In the

broadest case  the peak  is a  little lower than  the theory because of  the filter, but the results
are  almost  satisfactory.  When  narrow  and  bToad distributions are  superimposed  like Fig.4

the peak  value  gets lower because unimodal  filter is not  used.

     The resolution  is studied  in Fig.5. Two  peaks of  25 degrges apart  (Fig.5(d)) cannot

be distinguished because.the resolution  of  the maximum  order,  13, is 27.7 degrees.

     Fig.6 is the demonstrations of  the MEM  extrapolation.  In both examples  the maxi-

mum  order  of  Fourier coeficients  before MEM  proces$ is 6. Two  pe aks are  c}early  separated

after  MEM  because the maximum  orders  becarne 19 (Fig.6(a)) and  9 (Fig.6(b)). But i]

(a) the distiibution shapes  are  a  little distorted, and  in (b) extrapolation  stops  at  order  9

by a  numerical  problem. Moreover the resultant  directional distributions sometimes  have
serious  fiuctuation because extrapolated  higher order  coeficients  do not  converge  smoothly.

There seems  to be a  room  fbr impTovement in MEM  extrapolation  process.
     Calculations on  wave  fields with  a  wal1  refiector  of  the coeMcients  r  =  1 and  r =

O.3 are  $hown  in Figs.7 and  8 respectively.  When  yolA  > 10 the estimated  directional
distribution can  be almost  expressed  as  the superpesition  of  the  incident and  reflected

waves.  But when  the array  gets closer  to the wal1  we  can  see  not  only  spurious  lobes
but also distorted main  peaks caused  by the standing  wave  effect.  According to another

simulation  Tesult  the reflection  wall  of  the ratio  of  O.1 causes  no  serious  fluctuation. So the

ability  of  usual  wave  absoTbers  seems  to be high enough  to get reasonable  experimental

result,  but attention  should  be paid on  the  otheT  naabsorbing  walls.

     The effect  of  the mean  direction of  incident wave  is also studied  in Fig.9. When  it
is 90 degrees the inteTaction effect  is serious  as  discussed in the previous section.  It is

interesting to see  that the distribution is the periodic function of  T.  The  reason  is aJl odd
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number  of  coeficients  are  zero,  wh

interaction effect  can  be seen.ich

 is mentioned  in item  6.In  otherdirections  no  serious

9 CONCLUDINGREMARKS

    Circular Array Method (CAM) is an  unique  array-dependent  method  introduced

by C.T.Stansberg6) and  improved by the author.  The  FourieT coeMcients  of  directional

distribution function calculated  by CAM  should  be more  stable  than  conventional  methods

as  mentioned  in section  4.

    CAM  is basicalIy a  line ar  and  simple  calculation,  so  it is easier  than  other  (statistical)
methods  to estimate  the reliability  of  the result  and  to find the reason  when  we  get an

unexpected  distribution. Fbr example  if P. 's  in eq.(12)  of  a]1 nests  do not  agiee  we]1  when

J.+2tN(kR) 's  are  itegligible  smal1,  that means  cross  spectra  themselves include significant

noise,  but if those Fourier coeMcients  agree  well  that means  the calculated  coeficients  P.
's

 are reliable  even  if it the directional distribution is llot  the expected  one.

    For unimodal  wave  the resolution  is satisfactory  using  a  skillfu1 filter without  any

extrapolation.  But for complicated  distributions we  should  depend on  statistical  process

like MEM,  which  has some  room  for future improvement.

    When  a  reflection  wall  exists the Tesult  wi}l  be contaminated  by the interaction be-

tween the incident and  reflected  waves  like Dther  methods.  The  behavior of  it was  discussed

theoretical}yL But in practice it is common  to take an  a:verage  with neighboring  frequencies,
whiclr  might cancel  some  interaction effects  if the degree of  freedom is large e.nough.  This

problem should  also be studied  further.
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Abstract

    For estimating  the directional spectrum  of  short-crested  seas  Circular Airay Method

(CAM) is proposed. CAM  is an  array-dependent  method,  distributing an  odd  number  of

wave  gauges  on  a  circle  and  one  on  the center  of  the circle.  Through  this array  arrangement

the Fourier coerncients  of the directional distiibution function can  be evaluated  by a simple

calculation,  inverse Fourier transformation of cross  spectrum.  But for higher orders  MEM
extrapolation  is used.

    Fourier coeffcients  are  calculated  directly and  distinctly with  simple  equation,  so  it
is easier  than other  methods  (e.g. MLM)  to estimate  the reliability of  the result and  to
find the reason  when  we  get an  unexpected  directional distributlon. For a  $ingle-peak

distribution the reso}ution  of  CAM  is satisfactory  with  a  ski11ful  filter, but for complicated
distribution there is a room  for improvement of  MEM  extrapolation  process.

    Standing wave  effect caused  by a  reflection  wal1  can  be a  serious  problem for exper-

iments in mode}  basins and  for field measurements.  Application of  CAM  to those wave

fields was  studied  qualitatively amd  quantitatively. The  behavior of  the interaction term

was  discussed relating  to the distance of  the array  from the wal1,  the array  size,  the incident
angle  to the wal1  and  so  on. These discussions were  confirmed  by simu}ations.
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