
ScienceDirect

Available online at www.sciencedirect.com

Procedia Computer Science 120 (2017) 487–494

1877-0509 © 2018 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the 9th International Conference on Theory and application of Soft 
Computing, Computing with Words and Perception.
10.1016/j.procs.2017.11.269

9th International Conference on Theory and Application of Soft Computing, Computing with 
Words and Perception, ICSCCW 2017, 24-25 August 2017, Budapest, Hungary

10.1016/j.procs.2017.11.269 1877-0509

Available online at www.sciencedirect.com

ScienceDirect
Procedia Computer Science 00 (2018) 000–000 

www.elsevier.com/locate/procedia 

1877-0509© 2018 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Theory and application of 
Soft Computing, Computing with Words and Perception. 

9th International Conference on Theory and Application of Soft Computing, Computing with 
Words and Perception, ICSCCW 2017, 22-23 August 2017, Budapest, Hungary 

Optimization of the structure of the control system using the fuzzy 
controller 

Muraveva E.A.a, Shulaeva E.A.a, Charikov P.N.a, Kadyrov R.R.a, Sharipov M.I.a, 
Bondarev A.V.b, Shishkina A.F.c* 

aUfa State Petroleum Technological University, Branch in Sterlitamak, October ave, 2, Sterlitamak, 453118, Russia. bOrenburg State University, 
Branch in Kumertau, 2 per. Sovety, 3b, Kumertau,453300, Russia. cUfa State Aviation Technical Univercity, Kosmonavtov, 12, Ufa, 450000, 

Russia. cUfa State Aviation Technical University, st. K. Marx, 12Ufa, 450008, Russia. 

Abstract 

The article is devoted to synthesis of the fuzzy controller for controlling of levels in a three-phase separator «Hiter-Triter» type. 
Presented are some methods of optimization to ensure an automated control system best quality. Some examples showing 
efficiency of the methods offered have been provided 
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1. Introduction 

Development and introduction of automated process control systems is mostly trendy in the development of up-
to-date industrial production. In this regard, optimization of industrial processes is becoming more widely used. Of 
great importance in the optimization is a properly developed and most realistic mathematical model of the process 
control system. The mathematical model allows simulating the processes occurring within the system. By studying 
the simulation model, it is possible to obtain the data and information that can be used to control a real object. 
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Fuzzy sets are a tool enabling to develop models for controlling complex objects which do not always make it 
possible to develop precise mathematical models using integro-differential equations. 

In this article, we will describe mathematical model of a three-phase separator "Hiter-Triter" type, we will 
consider methods for optimization of the control system structure using the fuzzy controller. 

2. Brief characteristics of the three-phase separator of "Hiter-Triter" type 

The three-phase separator "Hiter-Triter" type is used for receiving commercial oil from oil wells, for separation of 
well product for preliminary dehydration. It is capable to replace the installation consisting of several parts. The 
installation can be operated in severe climatic conditions, at a temperature of down to -60 °C. 

The separator "Hiter-Triter" type is the horizontal cylindrical installation with the elliptic bottoms mounted on 
two saddle supports. On a cylindrical part of the body and the bottoms of the installation there are process 
connections, the connections provided for mounting instrumentation and control equipment and hatches. On the 
bottom (product inlet side) a flange connection of the heater pipes to the body is provided. 

For controlling of the oil level and the of phase separation, the installation is equipped with mechanical control 
valves on the oil and water outlet pipelines. The oil control valve and the valves of the water outlet operate 
mechanically, using level controllable floats inside the vessel which has the valve attached to it. 

In practice, there are cases that some water starts arriving in the oil outlet pipeline due to the fact that the 
mechanical control valves are unable to perform well their mission so that the operator has no time to adjust the 
valves in the manual mode because of what the phase separation level is not under control any more. Following 
which the process of separation (dehydration) is to be implemented again. For the problem to be solved, we will set 
the task to synthesize the controller for the level control. 

 

Fig. 1.Level measurement of in the three-phase separator «Hiter-Triter» type 

3. The level control system modeling in a three-phase separator «Hiter-Triter» type 

3.1. Production control quality criteria 

Quality of an automated control system is defined by set a of properties providing effective functioning of both 
the control object, and the controlling device, i.e. of all the control system on the whole. 

The properties which make up this set and which have quantitative values are called the control system quality 
criteria. 

The automated system quality may be estimated by criteria such as system synthesis working hours and the 
computing power (processor time and memory) required for it. 

Working hours of the system synthesis in our case involves the time consumption for fuzzy controller 
development. 

In order to reduce working hours, it is suggested using the following methods of optimizing the control system 
structure using the fuzzy controller: 
A Transition from one fuzzy controller to consecutively connected fuzzy controllers; 
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B Transition from one fuzzy controller to fuzzy controllers connected in parallel; 
C Method of feedback exception. 

Application of the said methods results in reduction in number of the rules created in the synthesis of the fuzzy 
controller which serves to reduce time consumption for development of the fuzzy controller. Besides at the expense 
of reduction in the number of rules lowers the computing power requirement is cut down, i.e. less CPU time and 
memory for data processing is required. 

Quality of production of this process is defined by its oil water content, which is to be less than 10 percent. This 
parameter is constantly controlled at the pump station outlet (PS). This parameter should not exceed the set standard. 
Oil quality is controlled at the top level of automatic control system. 

3.2. Description of the three-phase separator model of "Hiter-Triter" type 

As was mentioned, the quality of this process product is defined by its water content. To control the said 
parameter within this article, we will use the «Hiter-Triter» separator type as the above mentioned installation 
separates oil from water. 

We will create this separator model, where the correlation between the liquid and water levels and the emulsion 
flow rate, the composition of the emulsion and the valves opening gap for oil and water outlet shall be considered. 
The mathematical model allows simulating the processes occurring within the system. Studying the simulation 
model makes it possible to obtain both the data and information as to be used to control a real object. 

 

Fig. 2. Conceptual model of the "Hiter-Triter" separator 

Designations of the model parameters:Fe – consumption of water-gas-oil emulsion, m3/h;γo – volume fraction of 
oil in emulsion, percentage;γw – volume fraction of water in emulsion, percentage;γg – volume fraction of gas in 
emulsion, percentage;αo – valve opening gap at the oil outlet, percentage;αw – valve opening gap at the water outlet, 
percentage;LG1 – liquid level, m;LG2 – water level, m. 

Separator productivity liquid-based is 6848 m3/d, and maximum permissible separator productivity 11810 m3/d. 
Let us make it as a point that the emulsion gas content there is 5 percent, after the I separation step. The volume 
fraction of water as related to liquid can be from 60 to 98 percent. Therefore, a volume fraction of oil is from 2 to 40 
percent. The inflow of emulsion will be equal to 7208,4 m3/d (300,35 m3/hour), and the maximum permissible 
inflow is 12431,6 m3/d (517,98 m3/hour). 

Liquid level in the installation is to be maintained within the range of 0,4-0,8 m, and water level within the range 
of 0,6-0,8 m. 

The level control model will look like: 
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