
Diret Strong H-in�nity Norm Computationfor SISO Time-Delay SystemsS. Gumussoy and W. Mihiels,Department of Computer Siene, K. U. LeuvenCelestijnenlaan 200A, 3001, Heverlee, Belgium{suat.gumussoy, wim.mihiels}�s.kuleuven.beKeywords: strong H-in�nity norm, time-delay systems, SISO, numerial method.Extended AbstratThe availability of robust methods to ompute H∞ norms is essential in a omputer aided ontrol systemdesign [7℄. The omputation of H∞ norm for �nite dimensional plants is based on the relation between theintersetions of the singular value urves orresponding to the transfer funtion with a given onstant funtionand the existene of imaginary axis eigenvalues of a Hamiltonian matrix [4℄. Based on this relation, the H∞norm an be omputed via the well-known level set methods: a bisetion based algorithm is desribed in [4℄ andquadratially onverging algorithms in [1, 2℄. The preditor-orretor algorithm for the H∞ norm in [6℄ extendslevel set methods to a lass of in�nite-dimensional time-delay systems.Reently in [5℄, we analyzed the properties of the H∞ norm of general time-delay systems. We illustrated thatthe H∞ norm may be sensitive with respet to arbitrarily small delay perturbations. Due to this sensitivity, weintrodued the strong H∞ norm whih expliitly takes into aount small delay perturbations, inevitable in anypratial ontrol appliation. A numerial algorithm to ompute the strong H∞ norm for time-delay systemsbased on a level set approah is also desribed in [5℄.Level set based methods for omputing H∞ norms are inherently iterative, as they rely on the repeatedomputation of intersetions of singular value urves with a onstant funtion, whose value eventually onvergesto the H∞ norm. In this work we desribe an alternative numerial algorithm for omputing the strong H∞norm of Single-Input-Single-Output (SISO) time-delay systems, whih is not iterative, hene, the norm is diretlyomputed in one step.We onsider stable SISO time-delay systems with the following transfer funtion representation,
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where upper ase variables are real valued system matries with appropriate dimensions and variables denotedby τ are system delays, nonnegative real numbers. By de�ning slak variables, we reformulate the transferfuntion of the SISO time-delay system as
G(s) = C

(

sE − Ã0 −
n
∑

i=1
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Bwhere Ãi, i = 1, . . . , n, B,C,D,E are real valued system matries and τi, i = 1, . . . , n are system time-delays,nonnegative real numbers.It is shown in [5℄ that the strong H∞ norm of the transfer funtion is the maximum of the strong H∞norm of the so-alled asymptoti transfer funtion of G and the H∞ norm of G. We illustrate that the strong
H∞ norm of the asymptoti transfer funtion is equal to γa =

∑

nd

id=0
|Did

|. Subsequently, we show that thederivative of the G(−s)G(s) w.r.t. s should be equal to zero at the loal maximizers and minimizers of the urve
jω 7→ σ1(G(jω)), inluding the frequeny s = jωo where the H∞ norm of G is ahieved. Therefore we have to



ompute the imaginary axis zeros of the transfer funtion
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