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1. Context

1.1. Control design methods

 Ziegler-Nichols tuning method 
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Formulas  
Kp = 0.9 Tm / (k T0) 

Ti = 3.33 T0 

Quality indicators 
Quarter-Decay Ratio 

(QDR) 
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1. Context

1.2. Quality of CSM and CSP

 
Identification 

Model 
(Gm) 

Plant 
(Gp) 

Control  settings 

– 
+

Gm C 
 x  u  x*  e 

CSM 

Quality indicators of CSM 
 

Control System on the Model

Analytical conversion of the Strejc model to the first order with time delay (FOTD) model



5

1. Context

1.2. Quality of CSM and CSP

 
Identification 

Model 
(Gm) 

Plant 
(Gp) 

Control  settings 

– 
+

Gm C 
 x  u  x*  e – 

+
Gp C 

 x  u  x*  e 

CSP 

CSM 

Quality indicators of CSP 
 

Quality indicators of CSM 
 

Control System on the ModelControl System on the Plant

Analytical conversion of the Strejc model to the first order with time delay (FOTD) model



6

1. Context

1.3. Forms of models
Aidan O’Dwyer, Handbook of PI and PID controller tuning rules, Imperial College Press 2009

Table 1. Models used in the design of control systems

FOTD

Strejc model
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1. Context

1.4. Identification of models
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1. Context

1.4. Identification of models

  h(t) 
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Tangent methodFOTD model
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2. What is a problem?

Analytical calculation of FOTD parameters

Strejc model

 Plant response 
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3. What we have?

3.1. Step response of the Strejc model
  h(t) 
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3. What we have?

3.2. Parameters of step response
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3. What we have?
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3. What we have?

3.2. Parameters of step response
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Inflection point:

Tm and T0 parameters in the step response of the Strejc model
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4. My proposal

4.1. Simplification
Accurate formulas:
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Assumptions:
• simplify formulas
• accuracy for small n
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4. My proposal

4.2. Simplification methods
1) Analytical formulas that simplify expressions

2) Optimization with simple functions

3) Classical interpolation of functions in the assumed range of n values
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4) Approximation in the assumed range of n values

(n0, n1, …, nk) – nodes of interpolation
B(n) = [F0(n), F1(n), … Fk(n)] – base of functions

A = [a0, a1, …, an]T – vector of coefficients

a0F0(ni) + a1F1(ni) + … + anFn(ni) – interpolating polynomial

f(ni) – value from accurate formulas

Levenberg-Marquardt algorytm (LMA) (Mathematica)
(n0, n1, …, nk) – nodes of interpolation
B(n) = [F0(n), F1(n), … Fk(n)] – base of function
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4. My proposal

4.3. Formulas for calculating Tm and T0

on the base T and n 

Various variants of functions and nodes were examined. 

The three sets of formulas were selected, hereafter referred to as:

• easy – solutions obtained in the simplest way (substitution of analytical formulas) 

• use – solutions proposed for use in design methods

• best – solutions with a wider range of application

Analytical conversion of the Strejc model to the first order with time delay (FOTD) model
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5. Simplified formulas

5.1. Time constant Tm = kTmT
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5. Simplified formulas

5.1. Time constant Tm = kTmT (chosen) 
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5. Simplified formulas

5.2a. Transport delay T0 = kT0T
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5. Simplified formulas

5.2a. Transport delay T0 = kT0 T (chosen) 
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5. Simplified formulas

5.2b. Ratio T0 / Tm
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5. Simplified formulas

5.2. Transport delay T0 (chosen) 

T0 = kT0 T or T0 = kT0m Tm
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5. Simplified formulas

5.3. Conversion (T, n) (T0,Tm) 
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6. Application

6.1. Control project (PID tunning)

Analytical conversion of the Strejc model to the first order with time delay (FOTD) model

QDR: B/A < 0.25

(n:   2  3  ... 9  10)
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6. Application

6.1. Control project (PID tunning)
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6. Application

6.2. Control project (PID tunning)

Analytical conversion of the Strejc model to the first order with time delay (FOTD) model

(n:   2  3  ... 9  10)
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6. Application

6.2. Control project (PID tunning)

Analytical conversion of the Strejc model to the first order with time delay (FOTD) model



28

6. Application

6.3. Identification of Strejc model

Id2) Measurement time tR and slope R, and the Stirling formula:
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Id1) Measurement of T0 and Tm, and table

Id3) Measurement of T0 and Tm, and simplified formulas
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6. Application

6.3. Identification of Strejc model

Analytical conversion of the Strejc model to the first order with time delay (FOTD) model
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6. Application

6.3. Identification of Strejc model

Analytical conversion of the Strejc model to the first order with time delay (FOTD) model
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6. Application

6.3. Identification of Strejc model
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Id2) Time tR and slope R, and the Stirling formula:

Id1) T0 and Tm, and table

Id3) T0 and Tm, and the simplified formula:  
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Conclusion

Analytical conversion of the Strejc model to the first order with time delay (FOTD) model

(T, n )    (Tm T0)

We can perform analytical conversion of Strejc model to FOTD model

simplified

simplified

simplified

accurate

The next problems to be developed are:
– conversion of any n order inertial model (no formula for inflection point)
– adaptation of choosen control design methods to different models
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