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Sn,iBoLS 

An 
Normalising constant in angular spreading function 

a Wave amplitude 

Real part of normalised cross-spectrum 

Constant in equation (28) 

Unit distance for spacings in linear array 

Constant in equation (43) 

Transfer function for output i 

Directional spreading function based on wave direction 

Estimator for g(o,k2) defined by equation (40) 

Acceleration due to gravity 

Directional spreading function based on wavenumber 

Depth of water 

Integral defined by equation (34) 

Integral defined by equation (47) 

Maximum value of k 2 i n  directional spectrum 

Wavenumbe r 



SYMBOLS (Cont ld )  

k l  Component of k i n  X - d i r e c t i o n  

2 Component of k  i n  y - d i r e c t i o n  

M Number of gauges i n  l i n e a r  a r r a y  

m I n t e g e r  v a r i a b l e  

N Number of d i f f e r e n t  s p a c i n g s  i n  l i n e a r  a r r a y  ( i n c l u d i n g  z e r o )  

n  I n t e g e r  v a r i a b l e  

F u n c t i o n  d e f i n e d  by e q u a t i o n  (23)  

v,( W) Imaginary p a r t  of normal i sed  c ross - spec t rum 

r I n t e g e r  (= 2N-1) 

s,(w) One-dimensional s p e c t r a l  d e n s i t y  

S  (o .k2)  Two-dimensional s p e c t r a l  d e n s i t y  based on wavenumber I1 

S  (w,8)  Two-dimensional s p e c t r a l  d e n s i t y  based on wave d i r e c t i o n  
I1 

Sij(w) Spectrum of o u t p u t  s i g n a l  i 

S .  . (U) Cross-spectrum of o u t p u t  s i g n a l s  i and j 
11 

S,( 0) Cross-spectrum between two gauges d i s t a n c e  n  u n i t s  a p a r t  

Tm( U) D i s c r e t e  t r a n s f o r m  d e f i n e d  by e q u a t i o n  ( 1 7 )  
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(Cont Id) 

Time 

Limit of U in integration 

Quantity defined by equation (31b) 

Horizontal co-ordinate; axis parallel to centreline of basin 

Horizontal co-ordinate; axis perpendicular to centreline of basin 

Vertical co-ordinate 

Quantity defined by equation (31c) 

Elevation of free surface above mean water level 

Angular direction of wave propagation 

Phase angle 

Radian 

Complex conjugate 

Estimated value 







1. Test spectra: specified characteristics 
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1. Function P(X) 

2 .  Estimated values of rectangular spreading function 

3. Estimated values of triangular spreading function 

4. Arrangements of gauges in linear array 

5. Comparison of specified and measured waveheight spectra 

5a Spectrum SSPJ2 

5b Spectrum SJMED 

5c Spectrum SSPM2 

5d Spectrum SSPM6 

5e Spectrum LMMA 

6. Angular spreading function measured by 5-gauge array 

6a Spectrum SSPJ2 

6b Spectrum SJMED 

6c Spectrum SSPM2 

6d Spectrum SSPM6 

7. Angular spreading function measured by 9-gauge array 

7a Spectrum SSPJ2 

7b Spectrum SJMED 

7c Spectrum SSPM2 

7d Spectrum SSPM6 

7e Spectrum LMMA 



1 INTRODUCTION 
Current methods of designing and testing harbours 
normally assume that the incident waves are 
long-crested. However, it has become clear that the 
short-crested nature of real seas needs to be taken 
into account when determining the degree of 
protection which a harbour will provide. 
Short-crestedness affects the amount of disturbance 
produced inside a harbour both by the primary waves 
and also by the longer period oscillations which are 
caused by wave grouping. Good field data on the 
directional distribution of wave energy near coasts is 
thus needed for use in both physical and mathematical 
models of harbours. This report is the second stage 
of a research programme on methods of measuring 
directional wave spectra which is being carried out at 
Hydraulics Research (HR) with funding provided by the 
Department of Transport and the Department of the 
Environment. 

The first stage of this programme consisted of an 
experimental comparison of three "simple" gauges that 
are able to measure the mean direction and spread of 
wave spectra. The theoretical and experimental 
d tails of the study were described in a report by May 
('), which will hereafter be referred to as Ref A. 
Each of the simple gauges measures three separate 
pieces of information about the wave field, and from 
this it is possible to determine the first two complex 
Fourier coefficients of the directional spectrum. 
Conventional methods for reconstructing the 
directional spectrum (see Aj assume that the unknown 
higher-order Fourier coefficients are equal to zero; 
this leads to poor angular resolution particularly for 
waves that are closely concentrated about the mean 
direction. So-called data adaptive techniques gyjh as the Maximum Likelihood Hethod (MLl*), see Capon , 
are claimed to give better directional resolution from 
a limited amount of data. However, the theoretical 

is of these techniques is not clear (see Gilbert 
for a discussion of the >CM), and they do not 

always give consistent results. 

A more accurate reconstruction of a directional 
spectrum can be obtained by determining a larger 
number of the Fourier coefficients. This in turn 
requires more independent measurements of the wave 
field. One example of tl($.?j approach is provided by 
the NI0 Cloverleaf buoy which measured wave 
height, two wave-slopes and two wave curvatures. 
Another example is the circular array of wave height 
probes considered in A. N probes (where N is an odd 
integer) arranged symmetrically around the perimeter 
of a circle enable the first N-l complex Fourier 
coefficients to be determined; addition of a probe at 
























































































