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SYNOPSIS

The fast Fourier transform lLechnique is often nsed for the
spectral analysis of measured time serins of marine vessel
motions., Conventional collectinn of lang term vessel response:s
in random seas requires a4 larye capacily 1o store Lhe data in
either the time or freguency domain formats, The  syst oo
identification technique, namely aontoregressive wodelling, can
significantly reduce such data storage problems with minimal los:
of velevant, information. This is demopst raled wil homeasared Cime
creries  crane vessel o mal jan exeilbed by sea waves o whieh
autorcgressive modelling is suecessfully applicd. A copparat ive
sludy hobween  Lhe faslh Fouvier transfoerm  and aulorvegresa e
modelling  establishes system bdenbificaton Pechnigaes asoa
nsgeful tonl when applied to time series vessel wobinns,  This ia

shown hy Lhe consistency of the autoregressive dorived transer
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function namely response amplitude operator, and those.obkained

by fast Fourier transform analysis.

INTRODUCTION

The design of offshore structures and marine vessels are bhased
upon theoretical models, and experimental data at model and full
scale. In reality, marine vessels experience many unknown
phenomena which are yet fully underntndd in scientific or
engineering terms. | As an 4example, WORDEN nt.g] (1993) -have.
clearly demonstrated thal the wave farce calenlation by Mnfiﬂnn's
equation is insufficient. Worden et al introduced nnkpow.. becms .
which are estimated using system identification (Si), .namely
Nenlinear AutoRegressive Moving Average oXogenous  (NARMAX)
techniques. The subsequently modified version of Morison's
equation seems to predict real time wave {orces more accurately,
although without improving our intuitive understahding of the

fundamental uncertainties involved.

On many occasions marine_veésels'are damaged or even capsized in
certain marine environmental conditions. . In these cases, the
design of the vessel's shruchuras may nobk properly inclode for
such external dynamic forces. Measured full scale vessel motions
in sea waves can be used to‘improve the design. While analyzing
such full scale data ST modelling may give some useful

information as demonstrated by Worden et al.

In this paper autoregressive (AR} algorithm is formulated basad
on the least sguares error approach and applied to the measuradl
crane vessel motions and sea waves in the North Sea. The transfer
function {olten called ro;qpnn.m-- amplitnde operator) of Ehe vessel
moLion in sea waves is defined using AR algorithm. Comparative
studies of transfer function esbimated Crom Lhe FET and AR
methods are shown o be consistent. The bLransfer funclion

estimation shows Ehe influence of waves on vessel mobions.
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AUTORFEGRESSTVE  MODET,

The time series {y,] is said to be an autorrgressive process,
AR(p)

of the order p and it is generated from the relationship

4

Y= -): "3\ Y., {T w,

o, ' (la)

llere y, is the rth sample of the discrete stochastic process and
w, is the Gaussian white noise with variance p.- Egnation (1la)
can be written in polynomial form as '

y'= {E_ ]W, (lb)

alz"y

where,

atzty s 1, E azt
ot

The AR(p) model is also called as an all-pole wmode L (BURG, 1975).

Therefore, the transfer function of the AR{p) process can be -

“expressed as

n,02) . (2)

1 z a, 7t

[T}

Therefore, the estimated power spectrum, S, (o) of the time series

Y. can be written as

S, (o) = | H,(e"D]}

) . . (3)
I 1 4 E a.e- unla
X!

Thé sanpling period, T 1is generally defined by the cut-off
'f}equency, w,, through the Nyquist relationship

. T (4)
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The autocorrelation function, R, of the finite set of the Liwe
series data, i, (0<Y, <M, ecan  bhe caleulated  from the

relationships

R+ £(M,1) Zi Y, ¥, (5)

where, f£(M,A) = 1/(M-A) for the unbiased sample correlations, and
f(M,1) = 1/M for the biased sample correlations.

Let € be the error between the target spectrum, S{w), and the
estimate power spectrum of the AR output, 8,,le), is expressed as
bl

"
. ' Se)
€ 2u“!.3”(0) de (6)

Substituting Syy(w) lequation (4)) in above equation gives

;'I‘
“»

’ 13
€: L jsu) | 14 L ae '™t dg, (7
2"l Y [R} -
By minimizing €, the parameters a, are determined. Therefore,

minimisation of error, €, brings the following important
relationship

- ‘2 aRr,, * -R (8)

Eguation (8) can be written in Toeplitz matrix form as

R, R, R, .. R, a, R,
R, R, R, ..R,, a, R,
R, R, R ..R,|.la] = =R, ()
Rv-l Rv-l RD-J . Rl a, R:

These are also known as Yule-Walker equations. Using eguations
(9), when the parameters a,, a;,a,, .... a, and noise variance p,
are determined, the time series y, can be generated digitally by

using recursive equation (1). Here one has to obtain ophkimal
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spectral estimates for the values of a, and p such that Al or MDL
between the target and estimated spectra must be minimuﬁ.

pased on BRIGGS and VANDIVER (1982) the transfer fnnctjon of
vessel motion in random sea is expressed as
sale) = ol s (o) (10)

where 8, (o) is Lhe power specbirum of vessel molion, S,(w) is the
power apectrum of sea waves, and U, (e) is the Lransfer funclbion.
Using equations (1) to (9) the AR power spectra of vessel molbions
and Bea waves are estimated and then cquation (10) yialds the
transfer function of a particular type of vessel motion in sea

waves.

APPLICATIONS

An offshore monitoring unit developed by the Dept. of Mechanical
Engineering, University College London, was installed on a mono-
hull crane vessel in the North Sea in April 1992 and recorded tho
vessel's motions at different headings and sea conditions. Here
one set of such time series of 1024 data points in head seas is
analyzed. The measured data consists of pitch, roll, strap down
vertical (heave) acceleration, kransverse acceleration, longiku--
dinal acceleration and wave elevation sampled at 5 tiz. The prese-
nt study considers pitch, roll, heave accelervation and sea waves
(Figures la-d). FFT power spectra calenlated (using hlock of 128
data points and 8 averaged) show thal these are navrow banded
spectra. The autocorrelation lags are very high up to which the
procass is convergent. Sinece Lhese btime series arve narrow banded,
a low order AR model can be used to represent the Lime series.
The apprapriate AR model orvders are seleclod based on Lhe best

exbinates ag described by MARPLE (1987) and MANDAL (1992) .

First the sea wave data is modelled using autocorrelabion and
least squares error {LSE) technigues. Tt shows that even though
the actual model order seems to be very high, the beskt fit betwe-
en the measured wave and estimated AR spectra shows that a model

order of 24 seems to adequately represent the wave process. While
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examining the LSE (Figure 2a) there is nob much varialion bntwnﬁn
" the AR{(20) and AR(24) models (Figures 2b-c) which are considered
for estimation of vessel's transfer functions. The AR spentré are
compared with the FFT spectra. Based on autocorrelation and LSY
‘methods pitch [AR(16) modell], roll motion [AR(29) model], ‘and
heave acceleration [AR(13) model] spectra are estimated and camp-
ared with their equivalent FFT spectra as shown in Figures 3, 4,
and 5 respectively. The above comparisons of spectral estimates

show that the estimated AR models are in good agrecment;

The transfer functions, 1, {w) estimated by AR modelling for each
type of vessel motions in random sea waves are compared wilh the
Lransfer fuﬁctions‘determiﬁed by the FFT technique which shows
good consistency with the AR derived transfer Functions. Figures
6a,b show the comparison between the piteh bransfer funcbions
estimated by the AR modelling and FFT technigne. Similarly
Figures 7a,b and Figures Ba,b show the comparison of the roll and
heave transfer functions respectively. All are consiskent. This
study of transfer function further confirms that the estimated
lower order AR models can be used ta represent vessel motions

with significant reduction in data storage reguirements.

DISCUSSION

Even though -ocean. dynamic systems are random in nature, the
confused ocean surface elevations can be characterised by their -
power spectral nétimntinn using system identilfication technigues
(SPANCS, 1983 and MANDAL et al, 1992). Similarly offshore vessel
motions can be expressed by their responses. Somelimes For vessel
motions the correlation lag up to the stage in which Lhie proces:
is convergent is of very high order owing to its sharp peaked
nature. Hence the Toeplitz matrix l[eguation (91 can berecome
illconditioned. For such a high correlation lagged dynamic syslten
the AR model needs to he properly selected. The lower crder AR
model can generally be used to descrihﬁ the sharp peaked specleom

of dynamic system, The monohull crane vessel mobions show
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examples of such cases, Using auloearre |t ton, Akaike informal ion
. * v ]

criterion, or minimun description length methods the selectead

nodel order of the crase vessel motion yields a vary high valun

. eguation  (9)  bhecomes
illconditioned. Illowever, the lower order AR model can f

for which the Toeplitz matrix in

airly
For the time series data of
the vessel motion, one should . make

represent the above dynamic systems.,

first examinations at

autocorrelation lags up to which the process is convergent TF

it is too high, one can start from a lower order and then
estimalte the proper AR model which yields a better representation

of the vessel motions.

The transfer function [eguation (10)) estimation by Ehe AR modal
shows consistent results, This study also confirms thé validation
of AR modelling of arane vessel motions in random “ras. The
comparative study between bthe FFT and AR methods shows Lhal
relatively feaw values which are the AR parametors can e ased Lo
represenl: the btime series data. Therefore, one can use ST
techniques for freguency domain analysis of vessel motians as an

alternate methad to FFT technique.

CONCLUSTONS

AR algorithms has been formulated based on?the least sguares
error method. It is noted that the correlation lag up to which
the process is convergent is very high in some caseslof the crane
vessel motions. In these types of processes one should be
careful about proper selection of the model order. It is
observed that the lower order AR models can generally be used to
eipress such types of time series. These lower order AR transfer:
functions show consistency with those estimated by the FFT
method. The approach presented herein provides a  suibtable
alternate methed of frequency domain analysis to the FFT method,
with the benefit that relatively few values are required to
ustablish the AR model for represenbing Lime serics of vessel

motions and conseguently kransfer functions.

L]
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