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TESTS ON A DIRECTIONAL I{AVE RECORDER! THE SBA DATA 621

J I.{ A SPENCER
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ABSTRACT

Directional wave effects are
directional wave properties
testiog of an instrument for
Tests took place first in a
to instrunent nalfunctiona,
and useful reeulte were not
capability of measuring the

of inportance in coaetal engioeering although
are seldo'm meagured. Thie report deecribee HRte
measuring directional waves, the Sea Data 621.

wave beein, ' then in the gea off Aberdeea. Due
data frou the field trial wae of poor quality
obtained, although the inetrument doee have the
required directional parameters.
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INTRODUCTION

The abi l l ty  to  measure waves 1s essent ia l  ln  coasta l

englneer lng.  F ie ld neasurements have been made for

many years.  Specla l  lnsurumenEs,  such as wave-r ider

buoys and pressure transducers, have been develope<t

and usecl Eo record rcaves in coasEal wat,ers and

standard analys ls  methods ex ls t  to  process t ,he data.

Less at tent ion has been pald by researchers to

recording the d i rect ions of  waves at  sea.  Col lecc lng

data for  d l rect lonal  analys is  requi res tnore

complicaced instruuents !i lhich are expensive, and at

present ,  less re l lab le t ,han those used to measure Just

wave height .  Di rect lonal  analys is  neects greater

amounts of data and more computer processlng than \dave

helght  analys is .  As a resul t .  l t  ls  usual ly  the case

that .  wave d i recc lonal  characcer is t , lcs are in ferrec l

from wave predl-ctions made using wind concli.t lons at or

near any g lven s l te :  wlnd d l rect lons belng easler  to

measure or  ot ,herwlse obta i .n than wave d i rect lons.  For

all these reasons, wave direct,ton measurements have

been taken lntrequently j-n t,he past.

But there are maoy clrcumstances in rdhlch directional

character ls t ics of  waves are lmportant .  Ship

responses,  for  example,  can be much greater  for  waves

from one dlrection than for waves trom another

(Ref  1) .  For  another  example,  l rave ref ract ion depends

on d i rect ion,  so to use a ref ract ion model  to  est lnate

lnshore wave hei -ghts f ron of fshore data,  one needs to

know of fshore wave d l recLlons as wel l  as heights

( R e f  2 ) .

Not  only  the mean d i - rect lon of  propagat ion of  a wave

tra ln is  lnpor tant ,  the extent  to  whlch aome

components l lay deviate from the mean can be

slgnl f lcanf ,  too.  I t  ls  therefore of ten usetu l  to  be



able to get  a measure of  what  1s Eermed di rect lonal

wave spread.

Even at  lnshore s i tes,  \ ,vhere lE 1s of ten assumed t ,hat ,

ref ract lon w111 make raaves ef tect lve ly  unid i rect ional ,

wave spread can be lmport,ant. Long perlod waves

(sec-down) ex ls t  ln  associat ion wl tn a l l  shor t  per lod

random naves. They contrlbute to ranglng of moored

ships (net  : ; .  Some wave-measur lng devlces,  eg

waver lc ler  buoys,  which re ly  on measur lng accelerat lon,

cannot  measure long per ioo.  (greater  than abouc 30

secon<ls) waves, and so cannot be used to measure

set-down.  Al ternat ive ly ,  there are c l rcumstances 1n

whlch i t  is  necessary to d ls t lngulsh between set-down

and long period rdaves due to other causes. t{hether in

the latt,er case or uslng a waverider, set-do!,rn can

only be est lmated by naEhenat lca l  ca lculat lon.  This

can be done uslng recorded short perlod !i lave data.

But, set-down is sensll ive to even snall amouats of

wave spread as well as to !f,ave hetght (Ref 4).

Est i .mat lng set-down at  any g iven s l te  accurate ly

therefore requl res knowledge of  the d i rect lonal

spread.  Knowlng spread,  1n turn,  requl res naking

dl rect lonal  wave f le ld recordlngs.

Flelo clata on dlrect.lonal sea waves can therefore be

seen to be much needed anct such d.ata has been

col lected oaly oceasional ly  i -n  the past  (eg

R e f s  5 , 6 ) .

Nolt, wlth lnprovements ln nlcro-elect,ronics making

great,er conputlng poerer avall-able to process the

masses of  data lnvolved,  uore sophist icated and

rel lable inst rumenEat lon ls  avaLlable rof f  che shel f l

and i t  is  becomlng pract lcable to col lect  d i rect ional

wave data rout i -nely  raEher than just  occaslonal ly .



DIRECTIONAL

ANALYSIS THEORY

Th is  repo r t  c tesc r i bes  Hyd rau l l cs  Resea rch rs  (HR 's )

t r ia l  test  of  a conmerc la l ly  produced inst rument  for

measurlng and recoroi.ng di.rectional rdaves - the Sea

D a t a  6 2 1 .

The Sea Data 621 conslsts  of  a pressure t ransctucer  and

an e lect ro-magnet lc  current  meter  together  wl th a

compass and, elect,ronlc control anc recorctlng equlpnent

housed in a pressure capsule (Ref  7) .  I t  is  deployed

lmmersed,  usual ly  at  or  near  the sea bed i .n  shal low

water .  The currenE meter  measures two nor izoncal

perpendlcular conponents of water f low past the

lnst , rut rent ,  and an on-boarct  processor  resolves them

lnto nor ther ly  and easter ly  components us ing the

compass reading.  North ancl  easc f low veloc i t les,  and

pressure are reeorc led.  Thls ls  suf f lc ient  data to

deduce d.irectlonaL lnforuation about, waves on the sea

su r face  (Sec t l on  2 ) .

Thls analysls method has been expounded in a prevlous

HR report  (Ref  8) .  We shal l  only  repeat  the more

lmportant  resulcs here.  SI  unl ts  shal l  be assumed

throughout :  pressures are in  Newtons per  square metre,

veloc l t les are metres per  seconcl .  Frequencles,  0) ,

shall be ln ractlans per second. The analysls uses

spectral mechods ro estinate nave heighc at, the

sur face,  mean d l rect . lon of  propagat ion,  and spread.

The star t i -ng polnt  for  the analys is  ls  ca lculat lng the

frequency spectra of  pressure,  S ( to) ,  and two
PP

horlzontal f low velocity components, S.r,r(to) and

S-__ - (o ) ,  We  a l so  compu te  t he  c ross -spec t ra  S  ( ro ) ,
v v  p u -

S  _ - (o )  anc t  S  ( t t ) .
D V  u v -

Two conplex funct ions of  f requency,  o1,  and c2,  are

de f i nec :



c o s h k h  ( s  - t s  )o(l) p pu pv'a1(ur )  =  
F ; ; "n -m S

v

cosh kh
c2(r , r )  -  ( f iq.r"h 

khl) '? (
v

PP

- S -  2 1 Suu )

where: 0)

p

h

( radlan)  f requency

water  densl t ,y

height ,  o f  pressure Cransclucer  above sea

bed

herght  of  current  meter  aDove sea Ded

wave number

p

n=
v

k =

Mathenat ica l ly ,  a t  aod a2 ate the f i rs t  two Four ler

coaponencs of  the normal lsed d l - rect ional  dLstr ibut lon

of wave energy at frequency o. But, thls facE need not

concern us herei  the inpor tant  polnt  ls  thac they

enable us t ,o  calculate spread and mean d i rect ion at

that  f requency

Mean wave d i rect ion,  0,  ls  ca lculated f ron cL:

61o; = - ars (-ar) = arcran f-Hf ( 3 )

The Sea Data 621 resolves flow lnto northerly and

eascer ly  cooponents.  I t  1s convenient  for  us to take

u as t ,he nor ther ly  ve loc i ty  and v as che easter ly ;  6

is  then f ,he mean wave d i rect lon re lat lve to nor tn.

Note that  our  6 def lo l t lon d l f fers by 180" f ronn that

g iven in Reference 8 where 6 ts  a d l recc lon of

propagatlon because we nave chosen to use the more

usual conventlon uncler which a wave d.irectlon ls the

dl rect lon f ron whlch a wave ls  conlng.

The Sea Data 621 does not ,  prov lde suf f ic ient  data to

calculate wave d l rect lonal  d ls t r lbut loas conplete ly .

As a resul t ,  a l thougn our  srean wave d i rect , ion,  6,  ls



r . re l l -  def ined,  t ,here are amblgui t les in  est lmat ing

spread.  We can def lne var ious measures of  sprea<l

us lng the Sea Data data,  but  i .E cannot  be guaranteed

that  they w111 agree.

One posslb le measure ls  the waves,  d l rect , ional

var iance,  o2 z

o2=r-d lara=t - l " r l t

The value of  var lance can vary between 0 and 1.  Ic  is

0 i f  (anc only i f )  a l - l  the wave energy ls  coneentrated

in a s lngle d i rect lon;  a var iance of  1 nay lndicate,

tor  example,  e l ther  wave energy uni . forn ly  d is t r ibuted

in a l l  d i rect ions,  or  energy equal ly  d ls t r ibuted

between two opposi tes.  The d isadvant ,age of  var iance

as a measure of  spread is  that , ,  except  in  the specia l

case of  zero var iance,  there are no s lnple

interpret ,at lons of  what  d i rect lonal  d ls t r ibut ions

values physlcal ly  represent .  There are general ly

ln f in i te ly  nany d i f ferent  d is t r ibut lons showing the

same var iance.  Each w111 g ive a d i f ferent

in t .erpretat ion of  what  the var lance ,means,

But soxue also yield measures whlch provlde lnslght

ln to wavesr  spreading behaviour .

For  exanple,  consider  a d i rect lonal  d is t r ibut ion in

which t.he wave energy 1s unlforrnly disE,rtbuted between

the angles 6 -  0^ and 6 + 0^.  The spread, lng angle,s s
0^ ,  i s  a  Eeasu re  o f  Eha t  d i s t , r l bu t i on rs  sp read .  I f  wes
can f i .nd a uni form dls t r lbut lon which is  a good f i t  t ,o

our  recorded one,  then we can use l ts  O" value as a

measure of  our  recorded spread.  A good f l t  1s ot ten

defined by having the same cr, values (i.e the saroe

var iance) .  Thus a spreading angle for  our  recorded

daca can be calculatec l  us lng the equat lon:



s in  O
s_-o-

s
l " t  I

Sinnl lar  nethods of  f lnd ing

oche r  d l s t r l bu t . i ons  t oo .

d l s t r l bu re  f o r  t heo re t l ca l

mocle l :

(s)

a good f i t  can be used wl th

A popular  d l rect ional

wo rk  1s  t he  t cos  2s '

wave energy densit ,y d cos2s f=i l

Here ,  t he  pa ra rne te r  t s t  i s  a  measu re  o f  sp read ;  l a rge

values correspond to narrow spreads,  and s = 0 g ives a

uni form spread over  a1l  d i rect ions.

We have a cholce of  methods for  ca lculaEiog s,

depending oa whether  rce base calculac lons on aI  ot  u2.

Unless the real  wave energy d ls t r ibut . lon real ly  < loes

f i t  the cos 2s model  (and l t  general ly  < loes not) ,

there is  no reason for  them to agree;  they are best

consldered as lndependenc measures of  spread.  That

based  on  c l  i s  l l ke l y  t o  be  more  re l l ab le .

lot  Isr = rr-T4I

r .  + 3f  ur l  *  ( t  + 14 l " r l  *  l " r l t>*
s2= 2 ( r  -  l "z l )

Wave helght analysls and effectlve wave nunber

The Sea Data 62I  conta lns a pressure t ransducer,  and

the usual nechod of calculattng the wave elevat.lon

spectrum at  t ,he sur tace,  tnn(r ) ,  ls  f rom the recorded

pressure spectruo and l lnear  wave theory:

snn(to) = [
cosh kh

]2  soo(or)
PB cosh kh '

(e)



( l lhere:  h ls  wat ,er  c tepth,  g 1s grav i tat lonal

acce le ra t l on .  )

But  the e levat lon spectru!  can a l ternat lve ly  be

calculated f rom the veloc l ty  speccra whlch che

lnstrument  a lso records :

r  ( t )  cOsh kh rotnn(') = LEffi lz (suu(o) + srr.,r(ro)) (10)
v

'de prefer to use only expression (9)

he lgh t  ana lys i .s ,  anc  express ion  (10)

wave

used.

spec t ra ,  the  express lon

is safer to def ine an

by  so lv ing :

(1r )

al ternat ive est lBaces for

f o r  k  f n  ( l )  a n d  ( 2 ) ,  w e

i n  our

1S nOE,

Expresslon (10)  d.oes honever g lve us a basls  for

checking the accuracy of our l_nstruments and.,

inc identa l ly ,  for  ca lculat lng an a l ternat i_ve set  of

wave spread paramerers.  By e l lminar ing S__ ln (9)  and

( 1 0 ) ,  w e  g e r :  
n n

cosh kh
v

cosh kh
p

And $/e can

d.l and. aZ,

g e t :

s +s
r/  UU VV\ +I  - t  -\s )

p p
= pOJ

In practlce, usi_ng recorded

above cannot  be exact . .  I t

e f fect ive wave number,  k" ,

cosh k h
e v________ = ouJe c o s n k  h
e p

Conpar lng the ef tect ive valu" ,  k . ,  wl th the

theoret ica l  wave nuaber,  k ,  g lves a neasure of

pressure and veloc i ty  readingsr  accuracy.  Large

dlscrepancies may lndlcace that  e l ther  che pressure

cransctucer  or  Ehe current  meter  ls  taul ty .

use k to def lne
e

subs t l t u t i ng  k
e



s - is
c r _ - p u p v _

l e  / l s  ( s  +  S  ) l-  p p  u u  v v -

( 1 2 )

( 13 )
- s  -2 is

+ S
uu

These can be used

ear l ie r ,  us ing  the

a l te rna t ive  va lues

O .  s r  r  sc .  l leans '
whichever formula

w

in the same wey as o1 t d2 v€te

same expressions to derive

for  the spreading paraoeters:

headinq,  6,  remains the same

f  o r  c r r  i s  used .

uu
2e

o2

Checking the theory

A computer program has been

ana lys is  descr ibed above.

recorded f ie ld  da ta ,  i t  was

wri t ten at HR to do the

Before applying i t  to

t e s  t e d .

We used a synthesiser to generate a simulated wave

recording. The synthesiser was set up to output

pressure and veloci ty t ine ser ies with correct phase

relat ionships (see Appendix).  A Pierson-l toskowitz

rtave spectrum was simulated. Pressure and veloci ty

depth attenuat ions rdere included; we simulated

recordings taken with apparatus 1u above the seabed in

a total  depth of 10n. The analysis program correct ly

reproduced the synthesized wave height.

Three tests were done, each model l ing a uniform

direct ional wave energy distr ibut ion but with

di f ferent spreading angles and mean direct ions.

Spreading angle was independent of f requency in each

tes t  as  was mean d i rec t ion .  Va lues  are  l i s ted  be low:

Tes t  1
Tes t  2
Tes t  3

rcl

22+"
45"
66"

229"
450
66"



As spectral  analysis was carr ied out,  we est imated

values for 6 and O" over narrow frequency bands.

Fif teen bands covered the range from 0.05H2 to 0.L6ltz
- roughly the range of f requencies at

which there was signi f icant nave energy.

We l i s t  be low the  mean,  la rges t  and sna l les t  es t imates

for 6 from our f i f teen frequency bands for each of the

t h r e e  t e s t s :

T e s t  1
Tes t  2
T e s t  3

T e s t  1
Tes t  2
Tes t  3

Tes t  1  i s  in

t o  e s t a b l i s h

sat is fac to ry

greater than

Es t i rnated
eg
2893" 3T3"
47"  61 "
6 5 0  7 8 0

Est imated
o

"s99"t Er8t"
50"  65 "
65" 82"

True
s
22+"
45"
66"

True
o
228"
45"
6 6 0

r:t
m]-n

1 6 "
33"
49"

The results show that the anlaysis est imates rnean wave

d i rec t ion  ve11.  Mean es t imated va lues  are  very  c lose .

No maximum or minimum estimate differs from the true

va lue  by  more  than 17o.  I t  eppears  tha t  in  p rac t ice

we should be fair ly conf ident of est imating mean wave

d i rec t ions  to  w i th in  t15o us ing  th is  ana lys is .

Spread ing  ang le  va lues  lsere  less  we l l  es t imated .

There were t \ ro sets of results:  using l inear theory,

and using effect ive wave numbers. They were simi lar,

so for brevi ty we l ist  only the l inear theory set

here :

s0gt1n

36"
43"

error  but ,  to  date,  we have been unable

the cause.  Resul ts  for  tests 2 and 3 are

al though the var iance of  resul ts  is

that  found for  rnean wave d i rect ion.



TESTING TTTE

SEADATA 621

3.1- Wave basin test

Ana lys is  us ing  o ther  spread measuresr  o  and s r  gave

r e s u l t s  o f  s i m i l a r  q u a l i t y .

I t  is worth not ing that O" is not an unbiased

est iuator for spread and there wi l l  be a trend for the

es t imated O _  va lues  to  be  too  la rge ,  par t i cu la r ly  fo r
s

narrorr spreads. The effect does aot,  however,  explain

our  ge t t ing  la rger  es t imated  9"  va lues  fo r  tes t  1  than

we got  fo r  tes t  2 .

In conclusion, our tests demonstrated that the

analysis uethod works wel l  in est imating mean ! ' rave

direct ion. Wave spread could usual ly be est iuated

sat isfactor i ly though with less accuracy than rnean

d i rec t ion ,  and doubts  remain  about  the  ana lys is 's

usefulness at est imating narror{ spreads. The Sea Data

621 is ,  we an t ic ipa te ,  oos t  l i ke ly  to  be  used s i t t ing

near the sea-bed in shal low water.  Spreads in shal low

ri later are usual ly narrow due to refract ion effects.

There is,  therefore, a need to improve the analysis of

spread for use with this type of inst.rument in shallow

coasta l  waters .

The Sea Data 621 nas tested f i rst  under control led

conditions in a wave basin and then by deployment in

the  sea.

We had done prel iminary tests on the instrument in a

towing tank before carrying out the test described

here. That test had demonstrated the current meterrs

accuracy in steady f lows but cast doubt on compass

accuracy  (Ref  9 ) .

The next  test  \ ras to put  the inst rument  under waves in

laboratory condi t ions and see how wel l  i t  per formed.

1 0



The test  took p lace in  a wave basin at  HR. The

Sea Data 621 was mounted on the bot tom and the basin

f i l l ed  t o  a  dep th  o f  1 .35m.  Regu la r  and  i r r egu la r

Itaves were generated and run over the instrument.

With the recorder set to record bursts of iust eight

pressure and veloci ty values at a t ime, spectral

analysis of the recordings \ras not sensible. I tand

analysis was done. I t  showed recorded pressures and

veloci t ies to be conpat ible with input wave heights.

Compass readings were unsteady; the compass lras

swinging through many degrees - more than the one or

two degrees the SEADAT manual (Ref 7) said was normal

in service. I ' le thought this excessive f luctuat ion

night have been caused by stray electr ic currents

causing magnetic f ie lds in and around the wave basin.

I f  so, the f luctuat ion was an experimental  artefact

and we need not \rorry about it in the field.

Of more concern nas a faul t  in the pressure record.

Values came in bursts of eight;  the second and sixth

pressure values of each burst were always wrong by

four  ins t rument  un i ts  (about  0 .07ps i ) .  No exp lanat ion

of this faul t  was forthcoming from Sea Data or their

IIK agents when we enquired about it and, as yet, the

fault  has not been corrected.

HRr s invest igat ion of the pressure and compass

problems lras severely hampered by our not being able

to inspect output from the instrument.  We had to

record data on tape, even for laboratory bench tests,

and send i t  to  IOS Wormley  (see a lso  Sec t ion  3 .2 .2 )

fo r  t rans la t ion  be fore  we cou ld  inspec t  i t .  IOS|s

translat ion equipment nas not infrequent ly on one of

their  ships on a cruise. Thus i t  sooet imes took

months for us to get test results we could have

1 1



3 . 2  F i e l d  c e s c

obta lned 1n minutes 1f  we had had Sea Dacar s  read.er  Ln

ou r  l abo ra to ry .

The four  unl t  error  d ld not  seem s lgnl f lcant  compared

to pressures ne anticlpated measurlng i.n the fi.eld and

we could always rerDove erroneous values ancl replace

t ,hen by in terpolat i .on.  I , l incer ,  the -pr ine wave

recordlng season, was endlng by thls tlrne. IrIe decidect

to press on vr i th  f ie lc t  deplo5rrnenc as quick ly  as

p o s s i b l e

3 .2 .L  Dep loynenc

The SEADATA 621 was deployed on the seabed on abour

the 7 netre contour  of f  Aberdeen l t rarbour (F ig 2)  on

1l  February 1987.  Is  was mounted ln a f rame to put

tne pressure transclucer and current tset.ers about ln

above tne bed.  I t  shared Lhe s iEe wi th a Waver lc ter

Buoy HR had deployed ln connectlon wlt,h another

pro ject .  l laver ider  readings were to be used to

corroberate Sea Data f ind lngs.  And the buoy was a lso

a marker t.o make fi.ndlng tne Sea Data instrument, oo

the seabed easy.  Unfor tunate ly ,  the buoy broke f ree

of  i ts  moor lngs 1n a storn;  the SEADATA 621 was lost

for a while, and was only flnally recovered 1n May

lnstead of belng picked up after four weeks as we had

lntended.  On ret r leval ,  che data tape was observed to

o e  f u l l .

3 .2 .2  Da ta  f o rma t  and  qua l l t y

The lnstrument, had been set to record burst,s of 2048

pressure ancl veloclty readings io DW format (Ref 7 for

explanat lon of  format)  at  a scannlng rate of  2Hz.

Burst ,s  rcere recorded at  s lx  hour ly  in t ,ervals .  At  th is

recording rate,  we ant lc lpated that  che nagneEic tape

l 2



casset te  in  the  logger  wou ld  have su f f i c ien t  capac i ty
for twenty eight daysr recording.

The tape $ras sent to ros at wormley for t ranslat ion to
a format readable on l lRrs ICL 2972 coaputer.  After a
delay caused by reading the data cassette backvards on
the f i rst  at tempt at t ranslat ion (which gives no error
Bessages and appears to work, but gives nonsense
r e s u l t s ) ,  t r a n s l a t i o n  w a s  d o n e  s u c c e s s f u l l y .  B u t  a l l
th is took many months to complete.

Prel iminary inspect ion showed the correct ly translated
tepe to  conta in  108 record ings ,  a l l  o f  204g scans ,

with very few pari ty errors. At four recordings per
day, this represented 27 dayst recording - ahuost
exact ly what we had expected.

Compass read ings  f luc tua ted  a  b i t ,  less  than in  the
srave tank test, but more than the manual (Ref 7)
suggested is normal.  There was also a detectable long
period dr i f t :  mean readings at the start  of  the
recording period di f fered from those just before the
tape ran out.

The pressure recording probLem ident i f ied in the wave
tank test also recurred though in a sl ight ly di f ferent
form. In the recording fornat rre lrere using, values
were recorded in blocks of eight scans. We found
that,  in most recordings, ei ther one or tr i lo pressure

values were corrupt in every block. The corrupt ion
occurred at the same posit ions within blocks fair ly

consistent ly throughout each recording, but at
di f ferent posi t ions in di f ferer i t  recordings. For
example, in one recording the f i f th pressure value in
every block might be faul ty;  in the next recording, i t
might be that the seventh value aras wrong. To make
anything of the recordings, i t  vas necessary to detect
and reuove corrupt values from the record and replace
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thern by data in terpolated f ron neighbour lng readlngs.

Even then,  Ehere rdere not lceable ef fects on the

pressure spectrum (see below) and when Ehe problen was

severe lL Ina(le some recordlngs unusable.

3.2.3 Wave helght and pressure aoalysis results

Calculating the mean pressure over each recordlng gave

us an estlmate for tne sea depth whlch varled wl.th Ehe

Tlde (Tabfe 3) .  Thts analys ls  lnd icaced the s i te  was

about  9m below CD ( lowest  ast rononical  t , l< le level )  1e

rather deeper than had been planned.

Af ter  subtract lng mean values and removing long per lod

t ldal  var laf , ions f ron our  recordlngs,  we calculated

pressure and veloc i ty  spectra.

Pressure spectra of ten showed a faul r  whlch was

presumably caused by our havj-ng to lnterpolate to

remove corrupt  data (see above).  Faul ts  tended to

occur  regular ly  once every e ight  scans,  which at  a

scannlng rate of 2Hz inplles a fault frequency of

O.25Hz.  Thls appeared subsequent ly  as a splke in  the

pressure spectrum at  0.25H2 in Bost  recordlngs.  Tne

spike inposec an et fect lve upper f requency l iml t  on

our analysis. However most wave energy was aE lover

trequencles in a storm so t.he spike was not in ltself

a ser loug problem. A greaLer concefn was thaE the

faul t  n i -ght  a lso af fecE Ehe pressure spectrua

serlously at wave frequencles; and thls we caonot be

suf ,e about .  Ef fect ive wave numbers (11)  < l isagreed

wi t ,h theory,  but  not  badly.

The surface wave specErLm was calculatecl fron the

pressure spectrum uslng equat lon (9) .  From th is ,  r . le

coulc l  ca lculate s lgnl f icant  wave heights at  the

su r face .
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Three storms were ident i f ied; on 26lZl  February,

1/2 March (during which rhe Waverider stopped

transmit t ing) and 7 March. For the f i rst  of  them, we

can compare the Sea Data 621rs wave heights r tr i th those

from the l , laverider (Table 1).

Results do not agree wel l .  The Sea Data 621 has a

def ini te tendency'y to over-est imate wave heights (by

more than 502 in some cases).  The reason for this

error is not known. I,le derived Sea Data wave heights

from the pressure record, so the faul t  must l ie with

the pressure data. I t  is possibly connected with the

fault mentioned above ie the one that gave us the

O.25Hz sp ike ,  A l te rna t ive ly ,  our  ana lys is  ind ica ted

greater water depths than we expected at the si te,  .so

perhaps our depth results are wrong because of our

faulty pressure transducer,  and we consequent ly

over-compensated for depth attenuat ion (Equat ion 9).

Either problem could account for our too large

he igh ts .

Yet a third interpretat ion is that the Waverider broke

free of i ts mooring earl ier than the lst  of  l ' larch but

\rent on transmit t ing data. Up ro 18.00 on the 2712187

the Sea Data Unit  gives sl ight ly Larger wave heights

than the Waverider.  After that,  i f  the vaverider

broke free and drifted towards ttre strorilit vould

register lower heights. In this case the Sea Data

Unit  could be giving a real ist ic measure of the wave

he igh t .

3 . 2 . 4  D i r e c t i o n a l  a n a l y s i s  r e s u l t s

An example of our direct ional

recording during the storm of

Table 2 and a summary of the

given in Table 3. We have no

ana lys is  resu l ts  fo r  a

2 March 1987 is given in

more important results is

independent f ie ld data

against  which we can check the accuracy of  our
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CONCLUSIONS

est imated nave spread pararneters; al l  we can say is

that they look plausible for the si te and known wind

cond i t ions .

The mean ruave direct ions however are obviously

absurd. Comparison of Table 3 with Figure 1 shows

that our results suggest 3 and 4m waves coming from a

coast l ine about one mile alray; generat ing such large

\caves from such a smal l  fetch is impossible.

Obviously,  something is wrong ei ther with our analysis

or  our  da ta .  The ana lys is  has  been tes ted  (Sec t ion  2)

and checked. Thus the data is at faul t  in some way.

We have checked that the compass was instal led in the

r ight al ignment in the Sea Data 621. But further

checks on the instrument have been restr icted because

we cannot translate the data ourselves. I t  seems

l ikely,  however,  that the compass is faul ty.

Our Sea Data 621 is a

is known to be a faul t

t roublesome instrument.  There

i ts  p ressure  c i rcu i t ry .

which is sometimes serious, in

lle suspect something is trrong

with the compass as wel l .

As it stands, it cannot be used to measure lrave

direct ions at sea as we intended.

A najor problem is that rre cannot inspect output froo

the instrurnent at tlR so lre have no way of checking

that i t  is funct ioning properly in the laboratory.

We do not know why we have got wrong vave directions

in our  analys is ;  i f  we could read the Sea Data output

ourselves for  sooe very s imple tests,  we could at

least  e l i ra inate some possib le reasons for  our  problem

and t le  could probably solve i r .  The method of  data
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TABLE I Comparison of Sea Data and Waverider results

Date Time Waverider

It (m)
s

2 . 6 7

2 . 6 6

2 . 8 5

2 . 5 2

2 . 6 0

2 . 2 7

L . 9 9

2 . 4 2

r .64

L . 5 7

r .79

t .45

1 _  . 1 5

L . 3 4

1  . 6 1

1 . 3 0

1 . 1 6

r .42

t . 6 L

1 . 3 9

1  . 1 5

l l t

2612

27  12

28 l2

18 .00

21  .00

00 .00

03  .00

06 .00

09  .00

12  .00

15  . 00

18 .00

21 .00

00  .00

03 .00

05  .00

09 .00

12  .00

15  .00

18 .00

21 .00

00 .00

03 .00

06 .00

Sea Data

H  (m)
s

2 . 5 0

3 . 3 2

2 . 6 8

2 . 2 8

1 . 8 0

2 . 7 2

1 . 9 0

2 . 6 4

1  . 6 8

2 . 2 8

r .64



TABLE 2 Spectral  analyois results for recording 12.00 2 t{arch

Freq

Hz

0 .044

0 .052

0 .060

0 .068

0 .076

0 .084

0 .091

0 .099

0 .107

0 .115

0 .L23

0 .130

0 .  r 38

0  .146

0 .154

0 .  162

0 .169

0 .177

0 .185

0 .  193

0 .201

snn( f )

^2 ltt"

0 .4

0 .5

1 .1

3 .9

32.2

50 .2

44.8

11  . 9

6 .1

4 .9

3 .2

4 .5

3 .9

3 .1

6 .2

7 .5

5 .4

5 .0

2 .7

2 .3

2 .4

6

r !
F i *

i-:', '

L g 7  0

204"

202"

195 "

195  "

190 0

1 B g "

lg3". , , .

1 9 8 "

L 9 2 "

l g g  "

203 "

2030

1 9 0 "

2 0 1 "

20L"

208"

2 0 8 '

205"

1 9 6  "

2 1 3 "

o
s

Lin theory

42"

23"

430

47"

54"

50"

54"

64"

56 "

69"

6 g o

74"

7 5 "

67"

82"

69"

72"

7 7 "

9 8 "

101 0

g g "

63"

48 '

46"

35 "

28"

30 '

31 "

39 "

37"

53 "

50 '

46"

56"

49"

63"

5 6 0

66"

59 "

84"

80"

73"

0  .41

0 .23

0 .42

0 .45

0 .  51

0 .48

0 .  51

0 .59

0 .53

0 .63

0 .62

0 .66

0 .68

0 .62

0 .72

0 .6  3

0 .65

0 .69

0 .81

0 .83

0 .77

11 .

38 .

9 .9

8 .4

6 .2

7 .0

6 .1

4 .2

5 .5

3 .4

3 .6

3 .0

2 .8

3 .6

2 .3

3 .4

3 .1

2 .6

1 .4

1 .3

1 .8



TABLE 3 Sumary of Sea Data results for three storug

Date Time

26 l2

2712

2812

Llz
2 l t

313

18 .00

00 .00

06 .00

12 .00

18 .00

00 ,00

18 .00

00 .00

06 .00

12  . 00

18 .00

00 .00

06 .00

18 .00

00 .00

06 .00

12 .00

18 .00

00 .00

06 .00

12 .00

Sea depth

m

9 .62

13.22

10 .  16

L3.54

9 .87

L3.24

10 .52

11  . 80

11 .31

12 .68

LL .72

11  .49

11  . 96

t2 .97

10 .94

L2 .55

10 .78

T2 .57

11  . 33

L2 .54

11 .45

F peak

Hz

0 .  14

0 .  11

0 .  11

o .L2

0 .11

0 .  10

0 .099

0 .  091

0 .084

0 .084

0 .084

0 .  091

0 .099

0 .  11

0 .  11

0 .  11

0 .099

0 .099

0 .099

0 .  11

0 .  11

Ils

m

2 .60

3 .32

2 .68

2 .28

1  .80

2 .72

2 .68

4 .64

4 .28

5 .20

3 .54

3 .  36

2 .40

3 .L2

2 .92

3 .68

4 .36

4 . t 6

3 .44

3 .44

3 .24

L7g"

1 7 5 "

193 "

1 8 7 '

1 9 8 '

200 "

2000

1 g g '

1 9 0 '

l_90'

1 9 5  0

197 "

180 '

1 6 3 "

1 7 3 '

167"

168 "

164"

2 L 8 "

225"

2 3 0 '

68"

67"

61 "

67"

56 "

62"

53 "

63 '

43 "

5 0 0

50"

51 "

60"

53 "

55 "

52"

50"

39"

2L "

13 "

59 "

6 l t

7 l3

8 l t
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APPENDIX I

Synthesizing two or more related random signale

This appendix descr ibes a method that we have used to

synthesize two or more simultaneous, random but

re la ted  s igna ls .  In  th is  case the  s igna ls  were

pressure and current veloci t ies beneath a simulated

random lrater wave which we wanted for testinq
(Sect ion  2) ,  bu t  the  method is  qu i te  genera l  and can

be used in other cases involving rnore compl icated

re la t ionsh ips  be tween s igna ls ,  fo r  example  to

synthesize al l  s ix forces and moments act ing on a ship

hul l  in random lraves.

taking i ts Inverse Fourier Transforn, we

f i l te r  func t ion :

The normal synthesizer method works

whi te  no ise  s igna l ,  N( t )  (wh ich  is

a  quas i - random sh i f t  reg is te r ) .  I f

s ignal with a certain spectrum, S(oJ

def ine a Fourier Transform:

A(rrr) = f9<0.).t+' d ( r ) '

by  f i l t e r i ng  a

of ten obta ined f rom

we want to get a

) ,  we  can  f i r s t

( 1 )

can def ine a

( 2 )

the required spectrum

(3 )

a ( t )  =

Then a

i s  go t

@

1 r
)It l
- - a

A(ur ) e-i(d td,r

random s igna l ,  t ( t ) ,  w i th

by applying the integral :

f (  t ) a ( r )  N ( r - r )  d r

o

- J

_@



rn  p rac t iee ,  a ( t )  i s  a lways  spa l l  fo r  la rge  va lues  o f

t ,  so the integral  in (2) needs only to be taken over

a  f in i te  range.

Synthesizing two or more related signals requires only

sl ight rnodif ieat ions of the above proeedure. We

assume we know how the signalsr Fourier Transforms are

related and that the relat ionshi.ps ean be expressed by

funet ions of f requeney: suppose, for example, we have

three  s igna ls :  A i (o )  de f ined f rom a  speet rum as  in

Equat ion  (1 )  and:

A2( ( l ) )  =  82 ( ( l ) ) .A1 ( ( l ) )

A3 (0 )  =  83 ( t r r )  A i ( ( l ) )

82 and 83 wi l l  general ly

B(- t l : )  eonjugate.  we ean

f i l ter  funet ions (ay I  a2

fune t i on  app l i ed  t o  (3 )

and i f  they are appl ied

s i g n a l r  N ( t ) ,  t h e  p h a s e

t rans fe r  f une t i ons  (Bz ,

shal l  have three re lated

(4a)

( 4 b )

be eomplex with B(c.t) and

ealeulate three di f ferent

,  a 3 )  f r o m  ( 2 ) .  E a e h  f i l t e r

w i l l  g ive  a  d i f fe ren t  s igna l ,

using the same white noise

relat ionships expressed by the

83 ) will be eonserved. I.le

random s igna ls .

As an example, eonsider the pressure and eurrent

veloeit ies beneath a l rave. The pressure speetrum is

obtained from surfaee elevat ion:

cosh kh
s(r , r )  = (og :-g)z snn(ur)

(Un:  Same nota t ion  as  used in  seet ion  2 . )

Fro rn  S (o ) ,  we  ge t  A r (o ) .  L i nea r  t heo ry  g i ves

re lat ionships between pressure and hor ieont .a l  eurrent

veloc i t ies for  regular  \ raves f rom which we der ive b



and  83 .  I f  O  i s  t he

d i ree t i on  o f  t r ave l

angle between

and  ou r  x -ax i s ,

t he  wave rs

we know:

eosh khv
eosh kh

p

eosh kh
v

eosh-[[-
p

e o s o . P

sino P

Where P represents

ve  l oc i  t y .

I lene e:

pressure ,  and (u rv )  i s  hor izon ta l

eosh kh
v

---- eOSv
eosh t<h

p

eosh kh
V . n---:- s1ne

p

Knowing 82 and 83 ne ean ealeulate A2 and A3 (a); from

Al (0r ) r  A2(o) ,  Aa( t r l )  w .  ean ea leu la te  the  eor respond ing

f i t t e r  f u n e t i o n s  a 1 ( t ) ,  a 2 ( r ) ,  a 3 ( t ) ;  a n d  a p p l y i n g

them in ( :)  we obtain synthesized pressure and

veloeity signals whieh are random but correet lv

related to one another.

ku=p i i

k
p(r}

B.  -L
. p(r)

u, =h






