
Analysis and Synthesis of 

Anisochronic Systems – a Survey

Libor Pekař, MSc., Tomas Bata University in Zlin, 2008



Contents

� Traditional time delay systems with delayed input (TDS)

� Anisochronic systems and models – description (AS)

� The spectrum and the stability of AS

� Identification and modeling of AS

� Control of AS

� Algebraic controller design in RMS ring

� Controller tuning method: Pole assignment

� Application examples

� References

Libor Pekař, MSc., Tomas Bata University in Zlin, 2008



Time delay systems
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Time delay systems with delayed input (TDS)

- Example:
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- LUMPED delay (difference-differential equations)

- Transport processes, population systems in biology, …
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Time delay systems

DISTRIBUTED delays (partial differential equations)

- Long lines (electrical, heating), heat exchanger,…

- Can be approximated by Stieltjes integrals => lumped delays
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- Example:



Anisochronic systems (AS)

Anisochronic models of retarded type (SISO case)
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Anisochronic systems (AS)

Corresponding transfer function
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Examples
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Spectrum and stability of AS

Characteristic quasipolynomial
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Argument principle
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Spectrum and stability of AS

Mapping based rootfinder (Vyhlídal, 2003)
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- Weyl’s algorithm 

-Discretization of solution operator

- …

1. Region D, cover by equidistant nodes

2. For each node compute

3. Map the intersections

4. Both intersections => approximation of poles

5. Enhanced by Newton’s iteration method 
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Modeling of AS
Example: Heat exchanger 
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Heat transfer

2TSystem dynamics
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Modeling of AS
Example: Heat exchanger 
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Model identification
1. Successive integrations

a) Integrable input
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Model identification
1. Successive integrations

b) Step input
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Model identification
2. Relay in the feedback
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Control methods
1. Generalized internal model control (IMC) principle
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Control methods
2. Algebraic control in RMS ring

� RMS = ring of stable and proper retarded quasipolynomial (RQ) 
meromorphic functions

� Holomorphic vs. meromorphic functions

� RQ-meromorphic functions: description of a general term in RMS
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where y0(s) is a (quasi)polynomial

x(s) is a stable (quasi)polynomial

τ is non-negative

deg x(s) is greater than or equal to deg y(s) => Properness 



Control methods

� Examples of a models in RMS

( )
( ) ( )[ ]

( )
( )

( ) ( )[ ]
( )2

1

2

1
1 exp1

exp

exp1

exp
)(

ms

sTssT

ms

sK

sTssT

sK
sG

+

−++

+

−

=
−++

−
=

ϑ

τ

ϑ

τ

( )
( )

( )
( ) ( )

( )
( ) ( )ssTsKm

ssT

ssTsKm

sK

ssT

sK
sG

ϑτ

ϑ
ϑτ

τ

ϑ

τ

−−+−

−−

−−+−

−

=
−−

−
=

expexp

exp

expexp

exp

exp

exp
)(

1

1

1

1
2

3/6

Libor Pekař, MSc., Tomas Bata University in Zlin, 2008

)exp()exp(

)exp(

)exp()exp(

)exp(

)(

)(

)(

)(

)(

)(
)(

0

0
3

sKrsTs

sTs

sKrsTs

sK

sm

sa

sm

sb

sA

sB
sG

τϑ

ϑ

τϑ

τ

−+−−

−−

−+−−

−

===



Control methods

� Stabilization

� Youla- Kučera parameterization
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Control methods

� Example
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Control methods
Comparison with Smith predictor
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Tuning method
Pole placement
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� Direct prescription of poles (Zítek)
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Tuning method
Pole placement
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� Continuous pole placement (Vyhlídal, Michiels)
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Algorithm:

1) k = 1

2) Compute the rightmost poles

3) Move k rightmost poles to the left

a) Choose       (Vyhlídal)

b) Calculate sensitivity functions                     (Michiels)

4) Increase k or STOP (stability is reached, k=n, poles too close to each 

other,…) 
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Examples of applications
Model of heating system (CTU in Prague)
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Examples of applications
Model of heating system 2
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� Two circuits

� Variable transport delay

� Controlled by PLC or PC
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Examples of applications

Ball levitation
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Examples of applications

Pitch attitude
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Conclusions

� Modeling of continuous-time systems

� Less state variables

� Easy to identify

� Describe “real” plant behavior

� Possibility to use algebraic control 
methods

� IMC

� RMS

� Many potential applications

� Transport of mass or energy
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