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Abstract. Globally, food sourcing and processing focuses on achieving 

energy and resource efficiency. It is necessary to create and further 

improve effective models and algorithms for the synthesis of a control 

system, considering the features of complex technological processes, 

nonlinearity, and uncertainty of data. In the complex fermentation process, 

the variability of enzyme characteristics in the substance over time and the 

lack of measurement capabilities require the use of algorithms that provide 

high accuracy and speed. In this context, quantum algorithms demonstrate 

the ability to rapidly address problems that resist algorithmic solutions, 

processing large amounts of data in a short time In this article, an 

algorithm and model for searching the optimal values of a quantum 

controller were developed based on a quantum computing approach. 

Additionally, the characteristics of process variables and transient states 

are investigated using the Matlab software package. According to the 

model results, the fermentation temperature deviation from the nominal 

value and the process energy consumption were reduced by 1.2% and 2.3% 

respectively. 

1 Introduction 

Currently, due to technical development, the complexity of control objects and developed 

control systems is causing a significant increase. Therefore, it was necessary to develop 

various technical systems that would have high autonomy, flexibility, reliability and high 

quality under conditions of uncertainty. The object of control of such systems are complex, 

multidimensional, nonlinear control systems that have the ability to predict the required 

description of use and broad functionality, as well as the adaptability of the system to the 

current state of external influences [1-14]. 

The uncertainty of production situations that arise at technological facilities operating in 

real conditions, the error of the process model, the size and errors of the flow of 

information coming from the facility, and the complexity of their processing complicate the 

development of a control algorithm. of these dynamic systems, as well as the need to use 
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modern information technologies in solving such problems. The creation of such control 

systems requires the use of non-standard methods. This, in turn, gives rise to the need to 

create intelligent control methods and software for a technological object. 

There is a wide variety of models and algorithms for creating intelligent automatic 

control systems used in various fields of science and technology. Analysis of the formal 

expression, modelling and research methods of dynamic control systems operating under 

conditions of uncertainty of factors influencing the operating modes of the system has 

shown that the use of hybrid methods, which are considered the basis for the 

intellectualization of control processes of complex dynamic objects, are the most adequate 

and solvable issues. 

2 Research methods and the received results 

During the fermentation process, it is necessary to maintain the temperature in the 

apparatus according to established standards. The dynamic characteristics of the object 

were used to create an automated system that adapts to this requirement. At the same time, 

the dynamic characteristics of the regulator - the channel of the controlled variable - were 

determined. The dynamic properties of the control channel are characterized by the choice 

of control algorithm and the calculation of its parameters. 

The dynamics equation of the object under study has the following form: 
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dimensional output variables;  nuuuU ,...,, 21= - control vector;  nwwwW ,...,, 21= - 

disturbance vector;  nyyyY ,...,, 21=  - output coordinate vector. 

These variables are subject to various disturbances and are probabilistic in nature. This 

situation requires the use of intelligent control methods using advances in information 

technology to create effective control systems. In this case, it is necessary to select a 

suitable mathematical apparatus. 

The sigmoid membership function looks like this: 
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here: ba, - parameters of the sigmoid function. Based on these connections, the 

parameters of the proposal function are determined for each layer of the neural network. 

Then the defuzzification operation is performed and the control signal is found in the form: 
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here: ( )берii yyvzz −+=+1
 - calculated at each stage of training; v- is the learning rate.  

It is necessary to increase the number of hidden layers and the number of neurons in 

them to ensure the suitability of the selected neural network for the real process and 

increase its accuracy. 

The formulation of technological processes using the proposed method allows us to 

express control models for dynamic objects operating under conditions of uncertainty based 

on a unified mathematical apparatus. 

In a quantum computing scheme, these two states 0(  and 1(  can be in a 

superposition state, that is, the most general state of a quantum bit can be written as: 

10  +=
 

here:   and   are complex numbers. 

To write two states of qubits, bra (  and ket ( , Dirac notation is used. Vectors of 

the form (  are called ket-vectors, and vectors of the form (  are called bra-vectors. 

The ket vectors and unit state of the qubit will look like this:  
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An operator called Adamar ( H ) is used to create superposition states. The human 

operator is expressed in matrix form: 
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The actions of the Adamar operator on qubits are determined by the following 

mathematical relations: 
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Thus, the action of the operator H on an arbitrary qubit can be expressed as follows: 
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Using this approach, a superposition generation algorithm was created to determine the 

optimal value of the fuzzy controller. 

Based on the fuzzy quantum inference algorithm, the identity of the knowledge bases of 

fuzzy adjusters is organized (Fig. 1). The proposed fuzzy quantum inference algorithm 

shows the structure of an intelligent control system consisting of fuzzy PID controllers and 

a self-organizing fuzzy quantum inference block. 

 

Fig. 1. Structure of a self-organizing intelligent control system. 

The operation of neuro-fuzzy controllers in the above block diagram is based on 

quantum algorithms. Here, quantum algorithms can be used both as a single control device 

and to determine the optimal values of the control device. 

Currently, the existing fermentation process control system mainly serves to maintain a 

stable temperature in the fermenter based on process control. This does not allow obtaining 

a high-quality product, since existing local automatic control systems are not able to take 

into account all the factors influencing the process, their interdependence and the 

uncertainty of variables. Therefore, the creation of a high-quality control system based on 

intelligent technology methods, taking into account various uncertainties that arise during 

the fermentation process, remains one of the urgent tasks. 

As basic parameters describing the fermentation process, the following variables were 

defined: 
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 рхрс uuU ,= - control parameters, рсu  - brine flow, рхu - brine temperature, 

 ккt yyY ,=  - output parameters, −ty fermenter temperature, мкy - concentration, 

 
кбхмўмттжш ffffF ,,, ......=  - external influences, ... тжшf - speed of the 

fermentation process, 
... ўмт

f - change in the external environment, ..мхf  - quantity of raw 

materials, жзf  - device pressure. 

To evaluate the effectiveness of the developed algorithms for fuzzy-quantum 

temperature control of the fermentation process with various uncertainties, a computer 

model of a fuzzy-quantum system for regulating fermenter parameters was built in the 

Matlab environment and a series of computational experiments were carried out in the 

presence of external influences. In this case, the transfer functions of the object were found 

by approximating the data obtained as a result of the experiment. They represent the 

relationship between “brew temperature – brew flow rate” and “component concentration – 

fermenter temperature”. The matrix transfer function of the fermentation process was 

determined as follows: 
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Based on the above, an algorithm for the synthesis of a fuzzy quantum controller was 

developed, which is as follows: 

1. The input and output variables of the fuzzy quantum controller are determined; 

2. The normalization coefficients of the fuzzy quantum controller are determined; 

3. To reduce the static error, corrective parameters are selected; 

4. Logical rules are formed for each linguistic variable in the system. 

The synthesis algorithm with a fuzzy quantum controller for controlling the 

fermentation process differs from others in its simplicity and convenience, allowing the use 

of standard forms of relevance functions and minimum values of control rules. A program 

based on this algorithm allows one to calculate the concentrations of components involved 

in chemical reactions during the fermentation process at the optimal temperature along the 

height of the reactor, and to check the stages, the process was simulated using the 

MATLAB software tool (Fig. 2): 
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Fig. 2. Computer model of fermentation process control. 

Transient graphs of the control system for the hydrotreatment of diesel fuel (Fig. 3). 

 

Fig. 3. Comparative analysis of graphs of transient processes of an automatic control system: 1- 

classic PID controller; 2 - neuro-fuzzy controller; 3-fuzzy quantum controller. 

 

3 Conclusion 

From the transient graph it can be seen that the fuzzy quantum controller ensures a stable 

temperature in the bioreactor, ensures the stability of the control system and improves 

control quality indicators compared to existing systems. In addition, it helps to increase 
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reaction speed. The transition process took 90 minutes using the traditional method, 60 

minutes using the neuro fuzzy method, and 40 minutes using the fuzzy quantum method 

and reduced the deviation of the fermenter temperature from the nominal value by 2.2%. 

References 

1. L. V. Litvintseva, I. S. Ulyanov, S. V.  Ulyanov, S. S, Ulyanov, Computer and Systems 

Sciences Intern. 46(6), 908-961 (2007) 

2. L. V. Litvintseva, S. S. Ulyanov, K. Takahashi, et al., Intelligent robust control design 

based on new types of computation.  Pt. 1.  New  soft  computing  technology  of  KB-

design  of  smart  control  simulation  for  nonlinear  dynamic systems. Milan, Note del 

Polo (Ricerca), Universita degli Studi di Milano, 60 (2004) 

3. I. Siddikov, K. Usmanov, N. Yakubova, Chemical Technology, Control and 

Management 2020(2),  49-55 (2020) 

4. L. Medjbeur and M. N. Harmas, Adaptive Fuzzy Terminal Synergetic Control 0(4) 

5. I. Sidikov, N. Yakubova, K. Usmanov, S. Kazakhbayev, Karakalpak Scientific Journal 

3(2), 14-22 92020) 

6. N. Yakubova, Chemical Technology, Control and Management 2023(6), 10 (2023) 

DOI: https://doi.org/10.59048/2181-1105.1527. 

7. I. H. Sidikov, K. I. Usmanov, N. S. Yakubova, Nochiziqli dinamik obyektlarni 

sinergetik boshqarish usulidan foydalanib sintezlash. Muxammad al-Xorazmiy 

Avlodlari, Ilmiy-Amaliy Va Axborot-Tahliliy Jurnal 1, 11 (2020) 

8. J. I. Cirac, P. Zoller, Nature Physics 8, 264-266 (2010) 

9. K. Usmanov, J. Eshbobaev, N. Yakubova, Eng. Proc. 56, 198 (2023) DOI: 

https://doi.org/10.3390/ASEC2023-16274. 

10. K. I. Usmanov et al., E3S Web of Conferences 458, 01025 (2023) 

11. A. T. Klimov, I. G. Neizvestny, S. P. Suprun, V. N. Shumsky, Quantum Computer and 

Quantum Computing 2(2), 79-84, (2001) 

12. K. I. Usmanov, Journal of Advances in Engineering Technology 1, 10-13 (2022) 

13. D. Kim, S. Seo, and G. Park, Adv. Eng. Softw. 40(10), 1087–1094 (2009) DOI: 

10.1016/j.advengsoft.2009.01.029. 

14. H. Buhrman and R. de Wolf, Theoretical Computer Science 288(1), 21-43 (2002) 

E3S Web of Conferences 549, 08012 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454908012

 
7

RETRACTED




