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3.19 BIAS AND CONSISTENCY OF MULTIVARIABL E LS ESTIMATES

To evaluat the properties of leag squars estimats (3.18.4 we will stat from the
expression
yi = H;i6; + ¢} (3.19.1)

whered;" denotsthevecta of trueparametesof thei—th subsystemfamoded (3.17.2)
Following the sane procedue already considerd in Module 3.5 we obtain from
(3.18.4 ard (3.19.1)
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Becaus of structue (3.18.1 of H;, the produd Hl.TelF’ has componerg given by the
following terms

Hl (vDe,....H (ym)ef, Hl (ur) ey, ...  H) (u,)ef. (3.19.3)

It isnow eay to verify tha the k—th elemen of vaj(yj)e;’/N isgiven fori # j, by

Hy (yj)ef 1=
|:1T kzﬁgyj(k+S)ei(Vi+s+l) (k:].,...,vij) (3.19.9)
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and that
N-1
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plimy_ o D yilk+s)eiwi+s+1)=0 (k=1,...,v;) (3.195)
s=0

because of the independence of the erepfs present ory; frome;(¢). Fori = j we
obtain

HT,(y~)e‘.’ 1 N-L
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plimy . oo Y yitk+s)ei+s+1) =0  (k=1....v) (3197
s=0

because of the whiteness&fr) and of the difference between the indexes0énd
e; in (3.19.7) always greater or equal to 1. Finally

|:H1)T,(uj)el9i| 1 N
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plimy o= Y ujtk+s)ei(vi +s+1) =0 (k=1,...,v) (3199
N s=0

because of the independence between input sequences and equation errors. It follows
that
plimy_, .67 =67 (3.19.10)

i.e. that the LS estimate of the multivariable ARX mo(l7.6)is unbiased.

Remark 3.19.1 — The whiteness of the componentse6f) allows to establish, like in

the scalar case, that
) H.Te‘?
im [ —+ =0 (3.19.11)
N

N—0o0
with probability 1, i.e. that the obtained estimate is consistent.

Remark 3.19.2 — Note that the independence between the componerts oplays

an essential role in establishing the unbiasedness of multivariable LS estimates be-
cause in relatior{3.19.4)v;; can be equal te; + 1. In this casg3.19.4)includes
synchronous productg()e;(¢) that allow to establisi(3.19.6)only whene; (r) and

ej(t) are independent.
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