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ABSTRACT: A mathematical model of the process of absorption cleaning of natural gas has been developed, which 

makes it possible to establish a quantitative relationship between the main input and output variables and to synthesize 

the control laws of the process under consideration. On the basis of the developed algorithms, an adaptive system for 
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I.  INTRODUCTION 

 

It is necessary to note the influence of the gas composition on the complexity of its preparation and processing. 

Hydrocarbon gases contain a significant amount of acidic components of gases, water vapor, mechanical impurities, 

and salts, small amounts of oil and hydrocarbon condensate. 

For transportation through main gas pipelines, it is necessary to thoroughly clean the gas from solid impurities, 

corrosive components and moisture, since they contribute to the rapid wear of expensive equipment and cause 

disturbances in normal operating conditions. 

In world practice, the first place in the field of removing acidic components from hydrocarbon gas is occupied 

by amine purification processes [1, 2]. 

Apparatus in which absorption processes are carried out; called absorbers. They are: cylindrical columns in 

which the gas to be cleaned and the absorbent come into contact. Various methods are used to increase the contact 

surface area [3-5]. The most important indicator of an absorber is to ensure low losses of absorbent. 

The structure of the mathematical model of the absorption process will take the form [6, 7] 

),()(
)(

)(
))((

)(

)(
tfpK

tG

tL
IpF

tx

ty
i 

















   (1) 

where I  is the identity matrix, )(F  is the nominal transfer matrix function with a relative degree of  , and )(K  

is the transfer matrix function for disturbances. 

We will synthesize the system for adaptive control of the purification process on the basis of a mathematical 

model of the absorption process (1). 

We will carry out the synthesis of adaptive suboptimal algorithmic support under the following assumptions: 

Unknown constant coefficients of matrix i  depend on some vector of unknown parameters  , where 

  is a known bounded set. 

Output signals )(ty  and )(tx  and controlled inputs )(tL  and )(tG  are available for measurement. 

The aim of the control is to minimize the H  - norm of the transfer function )(1 pF  of the tracking error 

)()()( tytyte m  of the output  Txyty ;)(   for the reference signal  Tm xyty ** ;)(  : 

,)(1  


jF  

  - small positive number,   - vibration frequency, j  - imaginary unit, )(tym  - smooth bounded function. 
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We rewrite system (1) by taking    TT
tGtLtutxtyty )();()(,)();()(  : 

)()()())(()( tfpKtuIpFty i  .     (2) 

We transform equation (2) to the form: 

)()()()( ttupFty  . 

in which function )()()()()( tfpDtupFt i   contains parametric and external disturbances of the system. 

Let's make an equation for the error )()()( tytyte m : 

)()()()( 1 ttupFte  ,     (3) 

with function  )()()(1 tytt m . 

Consider the nominal plant obtained from (3) with zero parametric and external disturbances )(1 t : 

),()()( 0 tupFteн   

and solve for it the standard problem of constructing a H  -optimal controller )(0 tu  [8,9]: 

),()()(0 tepCtu н       (4) 

)( pC - stabilizing regulator. 

Add and subtract the expression for )(0 tu  from (4) in system (3) and rewrite it as: 

),()()()( 2 ttupFte       (5) 

Here )(tu  is the signal required to compensate for parametric and functional uncertainties, function 

)()()()( 012 tupFtt  . 

To isolate signal 1 containing system uncertainties, we introduce an auxiliary circuit [10] 

)()()( tupFtev  ,      (6) 

taking into account (5), (6), we compose the mismatch equation )()()( tetet v : 

)()( 2 tt   . 

Thus, to compensate for function )(2 t , which contains parametric and external disturbances, we define 

signal )(tu  in the form: 

),(ˆ)(ˆ)()( 2

1 ttpFtu   
    (7) 

where )(ˆ),(ˆ 2 tt   - estimates of functions )(2 t  and )(t , respectively, formed by the observer: 
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To assess the accuracy of observations, consider the vector of deviations ))()(ˆ()( 1 ttt iii   
. Then, 

taking into account the equation of its dynamics ))()(ˆ()( 1 ttt   
 and the equation of signal )(tu  (7), the 

equation of error (3) will take the form: 

  









)(

)(
;)(

2

1

t

t
LLte




 

. 

The mathematical model of the absorption process (1) as a result of a stepwise effect on the input of an object 

based on an active experimental method takes the following form [6,7]: 
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Uncertainty class   we define by the inequalities: 6)(,2,1,10  tfii . 

The desired process quality is set by a reference signal  Tm xyty ** ;)(  . 

The task is to minimize the H -norm of the tracking error transfer function )()()( tytyte m . 

The auxiliary contour equation (6) takes the form: 
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Control law (7) is defined as: 
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To estimate the derivatives of the signal )(t , we use the observer (8), in which 

01.0],1,2[;
00

00
0 








 TQF : 
















),(ˆ)(ˆ)),(ˆ)(()(ˆ

)),(ˆ)((2)(ˆ)(ˆ

2

2

1

21

tLtttt

tttt









 

where )()()( tetet v  . 

To convert the signal coming from the regulator to the absorption actuator, consider a DC motor with 

independent excitation, the transfer function of which has the form [11-14]: 

115.0

1
)(




p
pW . 

It is assumed that the raw gas is supplied at a rate of 1Q  with a concentration of 5.0fz . The behavior 

of the absorption process is considered for the following values of the reference signal 

  TT

m xyty ]7.0;3.0[;)( **   and   TT

m xyty ]02.0;98.0[;)( **  . 

If an external bounded disturbance ttf 5.0sin2.05.0)(   is applied to the input of the control plant, 

then using the inverse (Fig. 1.) and diagonal (Fig. 2.) controllers, we obtain the following results: 
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Fig. 1. Transient processes for 
T

m ty ]01.0;99.0[)(   and 
T

m ty ]6.0;4.0[)(   when using inverse controller 

)(1 pC  and applying external disturbance )(tf  to the input of the object 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Transient processes for 
T

m ty ]01.0;99.0[)(   and 
T

m ty ]6.0;4.0[)(   when using diagonal controller 

)(2 pC  and the presence of external disturbances )(tf . 

 

The synthesized adaptive suboptimal control law makes it possible to achieve high quality tracking of the 

reference trajectory with changing system parameters and in the presence of uncontrolled external disturbances. The 

advantage of the proposed control system is also an improvement in the quality of transient processes. 
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