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Ce travail, apré&s une breve introduction au
probléme de la identification d'un systéme
stochastique multivariable, présente une dis
cussion critique des plusieurs algorithmes
d'identification au point de vue de leur adé
quation i résoudre le probléme de 1l'identifi
cation.

Comme résultat de tel analyse on apporté quel
ques modifications au méthode de minimization
sans le calcul des derivées de Powell, au but
d'obtenir une méthode d'identification global
ement efficace spécifiguement projeté&e pour
systémes multivariables 3 grand dimension.

La méthode d'identification proposée a éte
verifiée en utilisand tant de données simulées
que de données réellés. Ces données ont été
produites pendant expériences d'identification
pour ce quil concerne différentes sorts de
vehicules marins.

Ces ré&sultats obtenuts, qui sont expliqués
relativement 3 un navire de surface et un
hydrofoil, resemblent assez encourageants et
montrent un attitude plutdt satisfaisant de
la méthode proposée.

This paper, after a short introduction to the
identification problem of a linear multivaria
ble stochastic system, presents a critical
discussion about different minimization algo
rithms, from the point of view of their suit
ability to cope with the identification prob
lem,

As a result of such analysis, a number of
suitable modifications are introduced to the
derivative-free minimization algorithm propo
sed by Powell, in order to obtain an effi
cient identification procedure specifically
designed for high dimensional multivariable
svstems.

The proposed identification method has been
checked out by using simulated as well as
real data files. Such files were generated by
identification experiments carried out on dif
ferent types of marine vehicles.

The obtained results, which are illustrated
for a surface ship and a hydrofoil craft,
seem to be very encouraging and indicate
quite a satisfactory behaviour of the propos
ed method.
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1. INTRODUCTION

The problem of identification and system pa
rameter estimation of a multivariable dynami
cal system is quite a complex task, even in
the case when relatively low dimensions of
the system input and output vectors are invol
ved.

Such a task, in the case of a linear stochag

‘tic system, is usually carried out by utiliz
ing a Maximum Likelihood criterion, based on

maximization of the likelihood function depen
ding on the experimental input-output data as
well as on the unknown parameter vector.

In order to solve the non linear optimization
problem associated with identification, it is
necessary to resort to advanced numerical
methods, the role of which is very important
within the whole identification procedure,
since the required computations are generally
quite cumbersome and time-consuming. This con
sideration is particularly relevant in the ca
se of multivariable systems which often give
rise to the estimation of a high dimensional
unknown parameter vector. In this case it is
important to analyse optimization algorithms
on the basis of tests with a large number of
variables, since many methods which are tole
rably efficient with few variables may become
totally unacceptable with many. ’

In this paper we present an identification me
thod based on Powell's optimization algorithm.
The method has been tested for identifying
the multivariable dynamics of a number of ma
rine vehicles. As it will be shown later, the
method has been proved to be guite efficient
even in the presence of a large number of pa
rameters to be estimated. -

2. THE IDENTIFICATION PROBLEM

Let us consider a linear stochastic continuous
time system observed at discrete time instants

X (£)=A®)x(t)+B(®)u(t)+w(t) (1)
y(g, )=Cx(t, J+e(t,) (2)

n

where x(t)eR denotes the system state vector,
u(t)eR™is the input control vector, y{(t,)eR"
is a discrete-time observation of the output
vector taken at the sampling time t.,w(t)eR™
is a continuous~time disturbance vector and
e(te)eR'is a discrete-time measurement noise.
Matrices A(¥), B(¥) and C(®) have proper dimen
sions. It is assumed that the noise vectors
w(t) and e(t.) are uncorrelated zero-mean gaus
sian white processes having covariance matri
ces RI(B) and Rg(e). -

We assume that the ignorance about the system
is {epresented by the unknown parameter vector
BeR™.

The identification problem consists of estima
ting the unknown parameter vector on the basis
of N observations of the ocutput vector {y(t,}
and of the input vector {u(t,)} , k=1,N.

This estimation is usually carried out by a
Maximum Likelihood approach, which attempts

to maximize the likelihood function associated
to the experimental data with respect to the
unknown parameter vector, see /1/ and /2/.
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Under the hypothesis of stationarity of the
disturbances, uniformity of the sampling peri
od h=t, -t,, and step-wise constancy of the in
nut signal between two subseguent samplings,
it can be shown that maximization of the like
lihood function is eguivalent to the minimiza
tion of a cost function given by:

o
J(¥)=dety "E(t.) £(t,) (3)

K=4

where € (t,) denotes the innovation vector,
which 1is obtained as a difference between the
observed output, vector and the one-step prg
diction vector y(te/tuq):

€0t )=y (L) =F(t, /) ()

The one-step predictionvector is obtained by
a set of Kalman filter recursive equations:

Gt /t,.,)=CX(t, /t,,)
Wty /t )= PR (b /8, O+ Tult ) +K(8,) E(8,)

K(te)=®P(t, /5, )0 R (k)

P(tg,, /5, )= BRI, /tm>q)‘ +R-K(t,) {@;P(tk ”*901
R(t, )=CP(t, /ty )C'+R, (5)

where

4
s F :[ eASds-B (6)

[

As it can be easily recognized, the minimiza
tion of cost function (3) under constraints
(4) to (6), is a rather difficult job, particu
larly in the case of a multivariable system
with many input and output variables.

It is worth noting, furthermore, that such a
minimization should be carried out with the
aim of locating the global minimum of the 1i
kelihood function and not just simply a local
one. In fact, only the global minimum provi
des an estimate with good statistical proper
ties 1like unbiasedness, consistency and effi
ciency.

3. THE MINIMIZATION METHOD

The identification problem and the related min
imization problem can be solved, at least in
principle, by using standard minimization
technigues, see for example /3/ and /4/.

We note, however, that a wide class of techni
ques which are based on the calculation of the
hessian matrices of second order derivatives
are not advisable for this purpose, owing to
the following reasons:

(i) they are very burdensome from the compu
tational point of view

(ii)the hessian matrix may result not posi
tive definite
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One possibility to obviate the first drawback
consists in computing derivatives numerically
by approximate methods. In the presence of a
large number of variables, however, it may be
come very difficult to balance the influence™
of rounding errors and truncation errors when
using finite differences to estimate deriva
tives. The latter inconvenience is very seri
ous, since it may definitively prevent con
vergence of the algorithm to the global mlnv
mum, particularly when a large number of pa
rameters have to be estimated.’ -

It seems, therefore, that minimization methods
which do not reaquire derivatives should gener
ally be preferable for multivariable identifi
cation. -

These methods carry out minimization of the
given cost function by a direct search sftrate
gy which attempts to reduce the value of the™
cost function by means of proper tests near a
preset initial point. Such tests, which are
based on function evaluations only, determine
a direction of search in which the minimum is
expected to be located. The procedure is iter
ated until convergence has been achieved.

Among the methods for minimizing a function
depending on a large number of variables W1th
out the use of derivatives, Powell's method,
/5/, has been demonstrated to be one of the
most efficient and reliable, as reported in
/7/ and /8/. The basic idea behind this meth
od consists in searching along each of r mutu
ally conjugate directions, which are defined”
by a set of r linearly independent vectors

(r is the number of variables of the minimi
zation problem).This algorithm constitutes an
efficient iterative procedure for determining
the r linearly independent conjugate vectors
by means of a seaquence of "one-at-a-time"
searches in each of r sets of independent di
rections. The minimum of a guadratic function
can thus be located exactly in r iterations.
For a general function,convergence rate de
vends on the choice of the initial point, in
the sense that an initial point "close” to the
minimum gives rise to a fast convergence.

The algorithm which we actually use for mult1
variable identification incorporates two mod1
fication of Powell's method suggested by
Zangwill, /6/ and Brent /8/.

Both modifications should prevent that some
conjugate direction may become linearly de
pendent on the other ones. The former consists
in changing in a proper way that conjugate di
rection which is responsible of linear depen
dence. The latter modification is based on a
"restarting” procedure, which is applied every
r iterations.

It has already been observed that convergence
and convergence rate of the minimization algo
rithm may be critically affected by the choice
of the initial point, which has to be as close
as possible to the global minimum.

In order to obtain an initial point estimate,
an opproximate identification routine is used,
which basically is a deterministic approxima
tion of the dynamical system represented by
ea.(1l) when the disturbance w(t) is neglected.
We also assume, without loss of generality,
that the initial state vector x(0)is zero.

In this case we are induced to minimize the
least squares criterion:

N ]
Jl(V):; [yK ~Cx, <v>] [yk -cXK(a)] (7)

14[1;;4/

where ¥, =y(ty) and x(#)=x(t, ;#) denotes the
state vector at k-th sampllng interval:

K-4 i
XK<9)=§¢FLXK-L—J (8)

Minimization of cost function (7) taking into
account (8) is now a much simpler task in com
parison with the original one and standard
minimization technigues can be used for this
purpose.

4. IDENTIFICATION RESULTS

The above described identification method has
been used for determining the multivariable
behaviour of a number of marine vehicles, in
cluding a surface ship, a hydrofoil and a sub
marine.

As concerns the surface ship, a set of simula
ted data obtained by trial manoceuvres of a
60.000 bulk-carrier have been analysed in or
der to test the validity of the method. Dur
ing the simulation experiments,the rudder “and
the number of revolution of the propeller
acted as control inputs and all the variables
describing the ship dynamics in the horizontal
plane, i.e. longitudinal speed, sway velocity,
vaw rate and heading, were assumed as output
variables. There were 1l parameters to be esti
mated in a state space model of the type repre
sented by egs.(1l) and (2).

Since the values of the coefficients assumed
in the simulation were known, the identified
values of the coefficients could be compared
directly with the known values. Quite a good
agreement was found, as reported in /9/.

Some plots of the measured and predicted out
put variables are shown in fig.1l. -

A number of identification experiments were
carried out in the last years on board an
RHS-160 class hydrofoil of Rodriquez Ship
vard, which displaces 90 tons and has an over
all length of 31 meters. During the sea trials
an onboard computer applied suitable excita
tion sequences to the input variables consti
tuted by four ailerons, while the rudder was
changed manually. The same computer provided
to record also the complete set of variables
describing the hydrofoil dynamics, i.e. roll,
pitch, yaw,heave, etc.

As described in /10/, the mathematical model
contains 48 narameters to be estimated. If so
me couplings between state variables are ne
glected, the number of parameters to be esti
mated is 21. -

The identification method was successfully
applied also in this case and a good agreement
was found between mathematical model and expe
rimental data. In fig. 2 there are illustrated
some plots of measured and predicted output
variables.
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