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Abstract: An algebraically procedure for tuning of typical regulators to the third and fourth order advance 
delay models of objects with nonminimal phase is proposed in this paper. As the typical regulator are used the 
P, PI, PID control algorithms. For tuning of typical control algorithms to the class of objects’models with 
known parameters the maximal stability degree method is used. For analysis of obtained results in conformity 
with this method the known tuning method are applied. 
Keywords: the object with advance delay, regulator, tuning of regulators, the maximal and optimal stability 
degree of the system, nonminimal phase. 
 
 
Introduction 
 
It is considered that the mathematical model of 
the regulated object is presented by the 
following transfer function [1]: 
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where ,  the coefficients of numerator; 

 the coefficients of denominator 
of the objects (1), (2) respectively. The models 
of objects of forms (1) and (2) are named the 
objects’models with third and fourth order 
advance delay objects.  Assume that for the class 
of dynamic models (1), (2) with known 
parameters it’s necessary to tune the following 
types of regulators P, PI, PID. 
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Because the models of objects (1), (2) are 
complex, some of known tuning methods of 
regulators for these objects can’t be used (the 
Ziegler-Nichols method) or they are 

accompanied by difficult calculations (the 
parametrical optimization method). 
In the work [2] for tuning of linear regulators to 
the inertial objects with time delay the maximal 
stability degree method of the designed 
monovariable system is used. 
In the works [3-7] maximal stability degree 
(MSD) method is spreaded for tuning of P, PI, 
PID types of linear regulators for other 
categories of objects. 
For getting over these difficulties the using of 
the maximal stability degree method to the 
designer stage of P, PI, PID typical algorithms 
for class of dynamic models, represented in 
forms (1), (2) is proposed in this paper. 
 
The tuning algorithm of regulators 
 
Assume that the control system is formed of 
object, which has forms (1), (2) and P, PI, PID 
regulators and after some transformation will 
have the forms: 

- for the control system with the object (1): 
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- for the control system with the object (2): 
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where  are the tuning parameters of 
regulators P, I, D respectively. The expressions 
(3)…(8) are rewritten using the substitution 

. 

dip kkk ,,

Jp −=
- For the control system with the object (1): 
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- for the control system with the object (2): 

 

;0

)(
)(

01

43
2

2
3

1
4

0
1

=+

+
+

+−+−
=−

pk
Jbb

aJaJaJaJa
JA

(12) 

;0

)(

)(

01

4
2

3
3

2
4

1
5

0

2

=+−

−
+

−+−+−
=

=−

ip kJk
Jbb

JaJaJaJaJa

JA

     (13) 

,0

)(

)(

2

01

4
2

3
3

2
4

1
5

0

3

=+−+

+
+

−+−+−
=

=−

ipd kJkJk

Jbb
JaJaJaJaJa

JA

     (14) 

 
where J is the  maximal stability degree of the 
designed system and need to be determined.  
From the expressions (9)…(14) it is taken the 
first, second and third order derivatives, in 
conformity with the number of tuning 
parameters of respectively regulator, it is 
obtained the algebraic expressions which allow  
to determine the values of the maximal stability  
degrees of the designed systems. From algebraic 
equation, obtained through derivation on the 
variable J, algebraic expressions for the numeric 
values determination of the adjustment 
parameters are obtained for P, PI, PID regulators 
and these after some transformation will have 
the form: 
 
- for the control system with the object (1): 
 
• for the control system with P regulator: 
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• for the control system with PI regulator: 
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• for the control system with PID regulator: 
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- for the control system with the object (2): 
 
• for the control system with P regulator: 
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• for the control system with PI regulator: 
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• for the control system with PID regulator: 
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The solution of equations (15)…(20) allows to 
obtain the numerical values of the maximal 
stability degrees of control system with 
respectively regulators P, PI and PID. 
The value of optimum stability degree of control 
system is choosed from condition [2]: 

,Remaxmin iopt pJJ −==          (21) 
where Repi are the real roots or the real parts of 
the complex roots of  the algebraic equations 
(15)-(20) obtained from the characteristical 
equations. 
The value of the optimum degree is the smallest 
positive root (or real part) of algebraic equations 
(15)-(20). In some cases the values of the 
maximal stability degree can be determined by 
approximations in opposite of the optimal 
degree parameter. 
The expressions for determination of tuning 
parameters of respectively regulators P, PI, PID 
after some transformations have the form: 
 
- for the control system with the object (1): 
• for P regulator: 
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• for PID regulator: 
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- for the control system with the object (2): 
 
• for P regulator: 
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• for PI regulator: 
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• for PID regulator: 
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With thise calculations the tuning algorithm of 
regulators for given models of objects forms (1), 
(2) is over. 
 
Application and computer simulation 
 
To show the efficiently to the proposed 
algorithms for tuning the P, PI, PID typical 
regulators we’ll study an example with the 
model of object which has the following 
parameters: 
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- for the object (1): 

;25.00 =b     ;5,01 =b ;50 =a ;5,131 =a ;5,72 =a  
 and ;13 =a ;2=β  ;7,21 =α  ;5,12 =α ;2.03 =α  

 
- for the object (2): 
 

;1667,00 =b    ;5,01 =b ;6667,10 =a ;5,41 =a
;5,122 =a  ;   and3333,73 =a ;14 =a ;3=β  

;7,21 =α  ;5,72 =α  ;4,43 =α  .6,04 =α  

 
Is required to tune the following regulators P, PI, 
PID: 
Doing the respectively calculations in 
conformity with the elaborated algorithm for the 
given object we obtained the following results: 
 
- for the control system with the object (1): 
• for the control system with P regulator: 
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- for the control system with the object (2): 
 
• for the control system with P regulator: 

;33,0=J   ;362,0=pk
 

• for the control system with PI regulator: 
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Fig. 1. The transient responses of control  
systems 
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[2] Zagarii,G.I., Shubladze, A.M. (1988) Sintez 
sistem upravlenia na osnove criteria 
maximalinoi stepeni ustoicivosti (The Synthesis 
of the Control System According to the Maximal 
Stability Degree), Moskva: Energatomizdat. 

On the computer was simulated the control 
system with the given objects’models forms (1), 
(2) and respectively regulator P, PI, PID. The 
results of computer simulations are represented 
in the figure 1 (form (1), curves 1 and form (2), 
curves 2). [3] Izvoreanu, B. (1998) The Synthesis of 

Regulators to the with Advance Delay. 
Proceedings of the 6th International Symposium 
on Automatic Control and Computer Science 
(SACCA’98), Iaşi, V.1. 

For comparison the obtained results for tuning 
of regulators in conformity with proposed 
method were applied the parametrical 
optimization method (Poisk-2) and have been 
obtained approximately the same results of 
values of tuning parameters. The results of 
computer simulations are represented in figure 1 
(form (1), curves 3 and form (2), curves 4). 

[4] Izvoreanu, B., Fiodorov, I., Izvoreanu, F. 
(1997) The Tuning of Regulator for Advance 
Delay Objects According to the Maximal 
Stability Degree Method. Preprints of the 11th 
International Conference on Control Systems 
and Computer Science (CSCS-11), Bucureşti, 
V.1. 

 
Conclusions 
 
As a result of the study, which was made for 
given class of objects models, the following 
conclusion can be made: 
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Objects. Proceedings to the 11th International 
Symposium on Modeling, Simulation and 
Systems’ Identification (SIMS-11), Galati: 
Editura Fundaţiei Universitare “Dunărea de 
Jos”. 

1. The proposed tuning algorithm for linear 
regulators P, PI, PID to given third and fourth 
order advance delay objects’models with 
nonminimal phase  (1), (2) represents an 
algebraic method. 

2. The proposed tuning algorithm represents 
a simple procedure which consists of following 
stages: 

[6] Izvoreanu, B., Fiodorov, I. (1997) The 
Synthesis of Linear Regulators for Aperiodic 
Objects with Time Delay According to the 
Maximal Stability Degree Method. Preprints the 
Fourth IFAC Conference on System Structure 
and Control, Vol. 1, Bucureşti: Editura Tehnica. 

- the value of optimum stability degree of the 
designed system with respectively type of 
regulator is determined; 

- the tuning parameters of respectively 
regulators are determined from algebraic 
expressions. 
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