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The Matlab routine Isctrpm computes the LS-estimates of continuous-time (CT) multi input multi
output (MIMO) reinitialized partial moment (RPM) models. The Matlab routine ivctrpm computes
the LS-estimates with instrumental variable (IV) of CT MIMO RPM models. This report defines the
CT RPM model and describes the implementation.

1 Continuous-Time RPM model

Consider an n,-th order system defined by the transfer function

bo +b18+ A bnbsnb
ap+ ais+ ...+ ap, 181 + g’

Ng > Ny (1)

G(s) =

The true response of this system can be modeled, from the input-output measurements {u(t), y(t)}
with t = ktgs, k =0,..., N and tg, the sampling period, by the CT RPM model defined by

ng ng—1

() =D biB(t) + Y @l (t) +4(t) (2)
=0 =0

where

Bi () = m(t) * u(?)

ag(t) = —m(t) = y(t)

Bi(t) = dj;;-(t) xu(t) forl<j<my

al(t) = —% xy(t) forl <i<mny, (3)

7(t) = (3() — L) x ()

m(t) = % with te [O,ﬂ

m(t) is a FIR filter called CT RPM filter and 7T is the design parameter called reinitialization interval.

The extension to the MIMO case with n, outputs and n,, inputs is straightforward by considering
ny MISO (multi input single output) models.
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2 Parameter estimation
The CT RPM model (2) can be rewritten in a linear regression form
§(t) = " (O8N + (1) (4)
where
p(t) = [af(t),...,al (1), B (t), ~--,5ﬁb( )" )
GRPM _ [ao, e\ Gn_1,D0s - b ]

The LS-estimate of 08FM ig given by

—1
gRPM _ [ é\/; cp(kts)goT(kts)] (kts) (y(kts) — ¥ (kts)) (6)
k=K k

L1

where K corresponds to T=K ts.

3 Implementation

The Matlab routine Isctrpm implements (6) in MIMO case. This implementation is described in
this subsection.

By referring to the CT RPM output model (2), o (t), 8(t) and 7¥(¢) are computed by performing
the convolution products between m(t) or its derivatives and the input-output signals. In practice, the
following expressions are implemented

~

(t) = _fo fiwy(t =T + p)du
i) = [y filwyu(t = T + p)dp (7)
Y(t)

Oé

~

= - f() fna(:u y —-T+ M)dﬂ

where N )
_ pra(T—p)na~
fO(M) - (na—l)!T"“ (8)
dfi—
filw) = — 5
The following recursive form allows the computation of f;(u) for i =0,...,n, — 1
() — - (na—1)!ng! Na—itj (P _ 1y \na—j—1
i) = oS 2 Wy G e T ) 9)

The integrations in (7) are computed using the Simpson’s rule, e.g. for o (t)

Ql(t) = S [k — 2t)ult — (K — 1+ 2+
k=2 R ~ (10)
ARk = Dty(t — (B — 14 D) + flktay(t — (B - Dta)

where k and K are even.

The function 5}(t) can be computed in a similar way to the expression given in (10). However,
if u(t) is a piecewise constant input, e.g. the input is generated by a digital to analog converter,
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the rectangle method can be implemented to compute the integration. Consequently, the following
expressions is obtained

I? A~
Z Erect(ktu(t — (K — k)ts) (11)
k=0
where the function F/*?(kts) is given by
rect N RN (na—1)nq!
FEhes) = Gmiway ]2)( ! 56 Gramg=Dia 0 (12)
ng—j—1 .
r_ (na—j—1)! S \na—j—l—r [ ((k41)ts)ma—itdtrtl (g yna—ititrtl
7“;0 (=1) W(KQ) o {( - na—it+j+r+l }

4 Instrumental variable implementation

The instrumental variable iterative scheme can be used to remove the bias.

Consider the instrument built from an auxiliary model as follows

Do+ b1S + ...+ by, s™
Ao+ a8+ ...+ ap, 18" 4 sna

=(s) = U(s) (13)

where Z(s) and U(s) are the Laplace transforms of time signals £(¢) and u(t), respectively.

Hence, the IV regressor is built

T
C(t) = |ag(t), ..., a5, (1), By (L), ..., BL (t) (14)

The IV-estimate is given by

N
01 = | > Clkts) " (Kt
k=K

WE

C(kts) (y(kts) — ¥ (kts)) (15)

i
=)

A few iterations of the IV-estimate must be performed to remove the bias.

5 Choice of the design parameter

The CT RPM model requires the selection of a design parameter, the reinitialization interval,
T = Kts.

Experiments show that the quality of the RPM model is not very sensitive to this choice. The se-
lection of K is not more difficult than the other design parameters of CT system identification methods.

The design parameter K allows the adaptation of the RPM model to the nature of the noise :

— If the perturbation is a white output-error noise, an optimal reinitialization interval exists,
namely K,,,, for which the variance of the error is minimal and the bias is highly reduced. Many
experiments led to the following conclusion : the parameter K should be selected such that the
interval [0, Kt4] is equivalent to the double of the main time constant for an aperiodic system
or the double of the (zero to 90%) rising time for an oscillating system.
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— If the perturbation is a coloured noise, the optimal reinitialization interval is on the interval
]naa Kuyn [ =R .
In practice, the value of K is selected as follows : K is increased and a standard test, such as the
quadratic criterion or the autocorrelation of the residuals, is evaluated to find the best K.
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