A STABILITY-RHOBUSTNESS MARGIN IN DISCRETE TIME
by
Robert W. Bass

Excerpt from a letter to Prof. Wilson J. Rugh [1] of the Dept. of Electrical & Computer
Engineering at the Johns Hopkins University dated August 13, 2002 in which | told him about
my having generalized from analog time to discrete-time (in connection with an evening course
on DSP for the local branch of Florida Inst. of Technology that I was then teaching) my
'Rhobustness’ Criterion that | had first published for analog-time systems in 1956 [2] and then
improved in various subsequent publications [3] - [6].

| have just derived what | believe is an elegant generalization from continuous-time
systems to discrete-time systems of my theory of "rhobustification™ of control and observer
systems, as follows:
In your book [1] you prove that if the system
X = AXK+BUY, U = —Kx,
is stabilized by state-feedback, to become [closed-loop]
XU = Agxk xXP=x°, Ag = A-BK,
then there must be positive numbers y > 1and A < 1 [A =: max{|eig(Ac)[}] such that
I < I (k=1,2,3,..0).
I now define a stability “rhobustness margin p, (0 < p < 1),by p = (1 - A)ly, and prove

that if in NONSTATIONARY/NONLINEAR & EXTERNALLY-FORCED actuality the system
is better-modeled by the 'perturbed' system

XK= A+ f(k, X9+ g(k), k=123, ..),

where there exist (k,8) such that, for all x and k, |[f(k, X)|| < «-|x||, [|g(k)|| <8, and where «k < p,
then

X< pIXAS + 8lp, A= {A+[p]A-1} < 1, (k=123 ..).
Hence the larger is p, the LESS SENSITIVE is the actual system to UNMODELLED cross-

couplings & other NONSTATIONARY and/or NONLINEAR effects, as well as EXTERNAL
FORCING!
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