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Extended Abstra t

The availability of robust methods to
design [7℄.

The

omputation of

H∞

interse tions of the singular value

ompute

H∞

norms is essential in a

urves

orresponding to the transfer fun tion with a given

and the existen e of imaginary axis eigenvalues of a Hamiltonian matrix [4℄.
norm

an be

quadrati ally

onstant fun tion

H∞

Based on this relation, the

onverging algorithms in [1, 2℄. The predi tor- orre tor algorithm for the

H∞

norm in [6℄ extends

lass of innite-dimensional time-delay systems.

Re ently in [5℄, we analyzed the properties of the

H∞

ontrol system

omputed via the well-known level set methods: a bise tion based algorithm is des ribed in [4℄ and

level set methods to a

the

omputer aided

norm for nite dimensional plants is based on the relation between the

H∞

norm of general time-delay systems. We illustrated that

norm may be sensitive with respe t to arbitrarily small delay perturbations. Due to this sensitivity, we

introdu ed the
pra ti al

strong H∞ norm whi

h expli itly takes into a

ontrol appli ation. A numeri al algorithm to

ount small delay perturbations, inevitable in any

ompute the strong

H∞

norm for time-delay systems

based on a level set approa h is also des ribed in [5℄.
Level set based methods for

omputing

H∞

omputation of interse tions of singular value
to the

H∞

norms are inherently iterative, as they rely on the repeated

urves with a

onstant fun tion, whose value eventually

norm. In this work we des ribe an alternative numeri al algorithm for

onverges

H∞

omputing the strong

norm of Single-Input-Single-Output (SISO) time-delay systems, whi h is not iterative, hen e, the norm is dire tly
omputed in one step.
We

onsider stable SISO time-delay systems with the following transfer fun tion representation,
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ase variables are real valued system matri es with appropriate dimensions and variables denoted

are system delays, nonnegative real numbers.

By dening sla k variables, we reformulate the transfer

fun tion of the SISO time-delay system as

G(s) = C

sE − Ã0 −

n
X

Ãi e−sτi

i=1

where

Ãi , i = 1, . . . , n, B, C, D, E

!−1

are real valued system matri es and

B

τi , i = 1, . . . , n

are system time-delays,

nonnegative real numbers.
It is shown in [5℄ that the strong
norm of the so- alled asymptoti

H∞

norm of the asymptoti

derivative of the

H∞
H
norm
of
G
.
We
illustrate
that
the
strong
P∞
n
γa = idd=0 |Did |. Subsequently, we show that the

norm of the transfer fun tion is the maximum of the strong

G

and the

transfer fun tion is equal to

G(−s)G(s) w.r.t. s

jω 7→ σ1 (G(jω)),

H∞

transfer fun tion of

should be equal to zero at the lo al maximizers and minimizers of the

in luding the frequen y

s = jωo

where the

H∞

norm of

G

urve

is a hieved. Therefore we have to

ompute the imaginary axis zeros of the transfer fun tion

G′ (−s)G(s) + G(−s)G′ (s)
on an interval
fun tion

G

ω ∈ [0, ωmax ] where ωmax is the maximum frequen y at
γa , i.e., σ(G(jωmax ) = γa . We ompute these

is equal to

(1)
whi h the singular value of the transfer
imaginary axis zeros as solutions of an

asso iated eigenvalue problem using spe tral methods, [3℄. If there is no su h zero, then the strong
of

G

is equal to

γa ,

otherwise it is equal to the maximum of the transfer fun tion over the

H∞

norm

omputed imaginary

axis zeros.
In

ontrast to the existing numeri al algorithm for time-delay systems [6℄, the algorithm is not an iterative but

a dire t method, as it relies on the dire t

omputation of the extrema in the singular values

urve

orresponding

to the transfer fun tion.
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