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Fig. 3. Feedback loop 
 

Define sensitivity function as transfer function from reference r 
to error e in Fig. 3: 
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Now, as a consequence of Theorem 1, a sufficient condition for 
robust stability and performance of the feedback loop in Fig. 3 can 
be formed for sensitivity function S and the family of plants (1). 
Corollary 1: For the set of plants (1) feedback loop in Fig. 3 is 
internally stable and 11 ≤

∞
SW  if conditions (3), (4) and (6) hold. 

The algebraic synthesis can be applied to the nominal plant 
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Then the controller is obtained as a solution to the Diophantine 
equation: 

 
 ADK + BNK = 1,       DK, NK ∈ RPS (10) 

 
Equation (10) is often called the Bezout identity, and all 
feedback controllers NK/DK are given by 
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where 

0KN , PS0
R∈KD  are particular solutions of (10) and T is 

an arbitrary element of RPS. 
The controller (11) derived as a solution to (10) safeguards 

that the nominal feedback loop in Fig. 4 is BIBO stable, which 
is important for appropriate theorems related to the structured 
singular value. If the nominal feedback system has a pole in the 
right half plane then these theorems cannot be used. However, 
this is not the case if the BIBO stability is held. 

The aim of synthesis is to design a controller which 
satisfies condition: 
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Fig. 4. Nominal feedback loop 

where n + n1 + n2 is the order of the nominal feedback system, n1 is 
the order of particular solution K0, ti are arbitrary parameters in 
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singular value of LFT on generalized plant G and controller K with 
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where Δdel denotes the perturbation matrix (5) and δP is a complex 
number corresponding with the robust performance condition. 

Tuning parameters are positive and constrained to real axis 
since parameters of transfer function have to be real and due to the 
fact that non-real poles cause oscillation of nominal feedback loop. 

A crucial problem of the cost function in (12) is the fact that 
many local extremes are present. Hence, in most cases, local 
optimization does not yield a suitable or even stabilizing solution. 
This can be overcome via evolutionary optimization, using 
Differential Migration (Dlapa, 2009). 

 
4. EXAMPLE – UNSTABLE DELAYED SYSTEM 

 
Consider the set of anisochronic systems with time delay in 

the numerator and denominator: 
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Fig. 5. Simulation for with 2DOF structure (τ1 = 4, τ2 = 0.8 and 
τ1 = 2, τ2 = 0.4) 

 
Simulation for 2DOF structure and stepwise reference signal 

is in Fig. 5. It is apparent that the D-K iteration has a non-zero 
steady state error, which is not the case of the algebraic approach. 
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