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Abstract  

This paper presents the results of the Smart-technologies application to the synthesis of MIMO-systems in oil and gas industry. In particular, 
there is considered a multidimensional multiply connected system for gas distillation process control through a distillation column with 
regulators configured on the basis of Smart-technologies: genetic algorithm (GA), ant colony optimization algorithm (ACO); clonal 
selection algorithm of an artificial immune system (AIS).  
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1 Introduction 

Nowadays, algorithms for finding optimal values based on 
bioinspired algorithms are of particular relevance [1]. 
Genetic algorithms (GA), ant colony algorithms (ACO), 
particle swarm algorithms (PSO), artificial immune systems 
(AIS), etc. are widely used [2–4]. The considered algorithms 
have the following distinctive features: high accuracy of 
calculations, speed, the ability of the algorithms to work in 
the conditions of information completeness absence about 
the control object, etc. These algorithms are of particular 
relevance for MIMO- systems of oil and gas industry [5]. 
This paper presents a comparative analysis of the adjusting 
results of the regulators parameters of a multidimensional 
multiply connected system for gas distillation process 
control through a distillation column based on bioinspired 
algorithms that are related to Smart-technologies. 

2 Overview 

For isolated subsystems of a multidimensional multiply 
connected system for gas distillation process control 
through a distillation column (Figure 1), it is necessary to 
synthesize a controller based on bioinspired algorithms in 
order to achieve the desired modes as quickly as possible. 

 
FIGURE 1 The simulation scheme of a complex gas distillation process 

control system through a distillation column in MATLAB 

Comparative analysis of the simulation results of 
isolated control subsystems of a multidimensional multiply 
connected system for gas distillation process control 
through a distillation column with regulators configured on 
the basis of Smart-technologies (Figure 2): 

• genetic algorithm (GA); 
• ant colony method of optimisation (ACO); 
• clonal selection algorithm of the artificial immune 

system (AIS). 

3 Decision 

During the comparison of the algorithms structure the 
following conclusions were made (Table 1). 

TABLE 1 

Component GA ACO AIS 

Components Chromosome set Set of colony 
members Attribute Set 

Component 
location Dynamic Dynamic Dynamic 

Structure Discrete 
components 

Discrete 
components 

Discrete 
components 

Knowledge 
storage Chromosome set Pheromone 

set 
Component 

affinity 

Driving forces Evolution Self-
organization 

Learning and 
evolution 

Driving force 
description 

Generation and 
selection of 
components 

Set of 
components 

Generation, 
selection of 
components 

Components 
interaction Exchange Exchange Recognition 

Interaction with 
the environment Fitness function Recognition 

function 
Recognition 

function 

4 Conclusion 

During the comparison of the algorithms application results 
the following specifications were obtained (Table 2). 
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TABLE 2 

Simulation results: 
1 - the best result; 2 - average 

result; 3 - the worst result 
GA ACO AIS 

Settling time 1 2 1 
Overshoot 2 1 1 
Oscillation 2 1 1 

Steady-state error 2 1 3 

In accordance with the obtained results there were 
obtained conclusions on the use of the artificial immune 
systems application in order to solve optimal control 
problems for MIMO-systems.  
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