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Abstract

An algorithm for computation of an arbitrary response of an LTI system
from an exact finite input/output trajectory of the system is presented. In
particular, the impulse response can be obtained directly from data. A spe-
cial case of the algorithm corresponds to the oblique projection.
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Abstract— An algorithm for computation of an arbitrary exciting of order K- 2nmax. Then the system of equations
response of an LTI system from an exact finite input/output

trajectory of the system is presented. In particular, the inpulse Up 0
response can be obtained directly from data. A special casd o U |g= |Us |, (1)
the algorithm corresponds to the oblique projection. Yo 0
Index Terms— Deterministic subspace identification, im- _
pulse response estimation, oblique projection. is solvable for any uand any particular solutiorg allows
the computation of the responseof . due to the input u
. INTRODUCTION and zero initial conditions asgy= Y;g.

The existing deterministic balanced subspace identifica- Proof: Similar statement is proved in [3, Sec. 3]. The
tion algorithms [1], [2], [3] compute the impulse responséssential lemma used is presented in [4]. O
and sequential zero input responses of the identified sys- Theorem 1 gives a block algorithm for the computation of
tem. This paper presents a method for computation ¢he responsg. LetWw= (W(1),...,W(T)). The persistency
any response directly from data. Applied to the balance@f excitation assumption implies that
subspace identification problem, this approach gives a the T+1

algorithm proposed in [3]. Alternatively combined with I < n+1 — 20max, @)

Kung’s algorithm, it gives a different identification metho : . o
Our approach is based on the result of [4], which sho so using the block algorithm, we are limited in the length of
urapp ! u » Whi Wihe responsg; that can be computed from a finite [t is

when the image of a Hankel matri#*(W) constructed possible, however, to find an arbitrary many sample of the

from an exact trajectoryv = (0,§) of a system contains response. Algorithm 1 does this by computing iteratively

?:g cr)izzogftlaer?f t:]hfosyds_t em. The(r;zfr(])rsé Igbtg!ie%azz, aaBYocks ofl consecutive samples. (The notation used in
esp _eng W 'W(W)) : : . step 2.3. of the algorithm, is for the shift operator. Acting
linear combinations#’(W)g, for a suitably choseig € R°®. on a matrix it removes the firdilock row.)

Important refinement of this basic idea is that a response can i
be constructed from sequential pieces, so that an arbitraf}}go”thf” 1 (Computation of response from data).
long response can be computed from a finite trajectary ~ MPUt: W= (0,), Ur, nmax.

1) Initialization: choosed according to (2), sek:=0,

II. COMPUTATION OF A RESPONSE FROM DATA

(O> . _OmnmaxX]- (O> .
Let 24(e) be a block-Hankel matrix with block-rows, fu” = | ur (1) ] v and fyp = Opaaed.
e.g, with G(1),...,0(T), 2) Repeat
a(1) Ga(2) <o O(T=1412) Up fék)
02 A3 - GT—1+2) 2.1. Solve|U; | g = “ and
AW =1 : : ’ LYo fyp
e L let g be the particular solution found.
aly al+1 - acm) 2.2. Compute the responsg) =Y g,
nmax be an upper bound on the system ordeand define 23 Shift: £t . [ ot } (k+1) . 'y
Up € Remamxe g ¢ Rlmxe Yp € Remawxe Y, ¢ Rlpxe by " s T lukl+ken [T YR y§k>
M, v 2.4. ki=k+1
Hnaxt! (0) = |:Uf:| v St (§) = [Y ] : Until t < kI (t :=# of samples iny)

g (0) (k=1)
Theorem 1. Letw = ({i, ) be a trajectory of a controllable Output: y == col(y; ...y ).

LTI system¢ of ordern < nmax and let( be persistently Algorithm 1 works by matchigg t?e initial conditions
of the I-samples long responsgﬁ:),yﬁ ),..., so that they
lvan Markovsky, Jan C. Willems, Bart L.M. De Moor are with the become sequential pieces of the desired respgnda the

Electrical Engineering Department, K.U.Leuven, KastadpArenberg 10, special casak = 5(»[)3 where d is the Kronecker delta
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TABLE |
ERROR OF ESTIMATIONe = ||Yg — Yo||r AND THE CORRESPONDING AMOUNT OF OPERATIONS IN MEGA FLOPS.

oc=00 =01 0=02 o0=04
Method e f e f e f e f

lterative algorithm, using the QR decompositi%% 101 130 [ 1.2990 131] 2.5257 132] 4.7498 132

Oblique projection, computed from the definitign 1071 182 | 1.6497 186| 3.2063 187| 6.0915 189
Oblique projection, using the QR decompositiqh 10714 251 | 1.6497 251| 3.2063 251| 6.0915 252

[1l. COMPUTATION OF SEQUENTIAL ZERO INPUT Table | shows the error of estimatiom:= ||Yo — Yol|r
RESPONSES AND LINK WITH THE OBLIQUE PROJECTION and the corresponding amount of operations, whgrs a

Consider the computation of a sequence of zero inplﬁrgatrix of exact seqqential zero input responses with Iength
responses with the property that the corresponding seguerk® @ndYo is its estimate computed from data. The esti-
of initial conditions form a valid state sequence of thd"at€ is computed in three ways: by the proposed iterative
system. Such zero input responses are calgliential alg_onthm, |_mpl_emented with tr_le QR factorlzano_n;_ l_Jy the

Using the result of [4], a matriX¥p which columns are obligue projection, comput.ed dlrec.tly f_rom the def|n|t|(2_][
zero input responses can be computed from the ety ~ €9"- (1.4)]; and by the oblique projection, computed via the

solving the system QR factorization. , _
The iterative algorithm needs less computations and gives
Up Up more accurate results than the alternatives. The reason for
Y| G=1|Y% (3) this is that selecting the parameter 3 instead ofl = 10,
Us 0 as in a block computation, results in a more overdetermined

and settingfo = Y; G. Moreover, the Hankel structure b, system of equations in the iterative algorithm compared wit
andY, implies thatY is a matrix of sequential responses SYStem (3) used in the block algorithm. As a result the noise
System (3) andly = V;G give a block algorithmfor the is averaged over more samples, which leads to statistically
computation of sequential zero input responses. better estimate. Solving several more overdetermined sys-
An iterative algorithmsimilar to Algorithm 1 is presented €Ms Of equations instead of one more rectangular system

in [3, Sec. 4]. (The only modification needed is to replac&@n P& more efficient, as it is in the example. In fact, the
in the initialization step of Algorithm 1 the zero block fréedom in the choice of the parametemakes possible to

in f150> with U, and fé,(g — 0 with f;cg ~Y,.) It allows to optimize efficiency or another criterion.
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