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Summary

The problem of understending the dynsmiss of a2 nonlinear
rhysical systen, Trom arn enginsering standpoindt, ig ofben
approached by sesnsg of the powerful technioue of input-
cutpul seagurenents. For sxasple, the dynanmics of 2 nuslssr
readior aysten are ewplored by varying the position of a2
gontrel rod in & predeterained or stabtigbically combrolled
manner and messuring the corregponding variations of the
powsr osuipud.

Inere are woe cusshlons that are relebsd oo the inter
pretation and use of %ﬁy&%wmgﬁﬁ%a datas when one iz congerned
gnly with the problem of enalysis. The {irst question is:
given a8 set of input-oubpul nepsurensnts, how can one exbracst
from thes snough information o sobablish z mathessbicsl

or the sgysbtem? The segond gusstion iz given &
physical system, like & reachor, whai is the best inpub oo

that one sze% of inpui-cubtsul messurements contalns

sl

ail the ianformation sbout the systen
To sngwer thess twe guestions, considsre = physisal.
{ nel of

@Er%%&ﬁﬁ@g system. The oubtpus vt} iz 2 Funstionsl of
the past hlstory of the tmput =x={sl:

i) = F'{&g{%m%’Ej T &€ % {1}
This Tunctionsal canm be expended inko 5 sum of funciionsls.
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Lodent
soefficients a or the ksrmnele B {(9,,0.%, )} &iffer

Trom systen Lo sysbem. Expension {3} is possible because Lhe
soefficients mgéﬁﬁg an equivalent treamgform of =l{i-7]l, are
funetions of the pragent bime only.

The importent lmplication of Eg. {3 is that the ousput
ef a nonlinear physzical systes can be deseribed by & sum of
generalized convolution integrals or, in other words, ss &
sum of functionsls of the inpui. This sugpests that if the
functionals were orthogonal it would be easy Yo extract the
sharacteristic kernels %E{?igeaﬁk§ from & siagle sst of
inpul-ocubput dats.

Irdeed, consider the seguence of all the pa-t values
of & particular imput =x{t}. Assume that it iz Diesible %o
uge this S@%ﬁ%ﬁ@% Lo Tors 2 somplate set of HOMOESTYOUE 0P~
thogonal polynomials P {xis,7i}

3 §§m§§3ﬂ26a¢ {Ea_ﬂ}c ‘aﬁi'gﬁ&?’iﬁ
the cubtput in terms of functionals of these polynomial g:
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g
agsguned symmetrical without any loss ﬁg genierality and that
the functiomals in the right hard sids of Bg. {4) sre orthe.
gomal, regardless of the valus of the kernels H 5?-§g$? be
The conssuuence of the @P%ﬁﬁg@ﬁa expansion {4} is %%@% wh
kernais dkisiaa?@@gﬁkf can be ressured experimentally by

the arvangement ghown in Fig. 1. If the "ynown box® has an
suipulb which is:

s sasily shown that the kervals H {75:..7,) ecam be
T

g oD _
§¢€@§zxjn jaé T qm?iﬁsoaé%gﬁma bk €R @ﬁ?iﬁawwﬁﬁﬁéflegﬁﬁm {5}
2
the cutpult of the integraior ig:
1‘{: = H i‘? 5T s52%s } éés

it hag been shown {2) tha% the most general input for
& nonlineasr gysten iz a gaussianly dlstributed, white noiss
glgnal. The corrvesponding orthogonsl polynomiale are the
Herwite polynomisals (2} and the "known bozes® can be bulld
with delay lines and multinliers.

Howevar, the simplicity of the rsusslian, white noise
Lz of no practical avall becsuse of the exiremely
egration tizme regulred to avell errors. Other brosd
band bt not neceszarily gsusslen sigeals can be used o
measure the different kernels. OF voupse, then the "known

boxes® may be more involved.
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Figure 1. Experimental arrangement for the measurement of

the characteristic kernels of a nonlinesr physical systen.



