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Abstract: - This study presents the development of an intelligent sensorless control system for a pumping unit 
driven by an asynchronous motor under variable hydraulic load conditions. The proposed approach integrates 
an electromechanical motor model based on the Park–Gorev transformation with a hydraulic load model and 
applies an extended Kalman filter (EKF) for real-time estimation and prediction of stator current and rotor 
speed. Unlike conventional systems, the method eliminates the need for pressure and flow sensors by relying 
solely on electrical measurements. Simulation and experimental results demonstrate high accuracy, with 
deviations below 5%. The developed model improves energy efficiency, enhances system reliability, and 
enables stable operation under fluctuating conditions, making it suitable for industrial pumping applications. 
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1 Introduction 
Improving the energy efficiency of industrial 
electric drives remains a paramount objective in 
light of escalating demands for sustainable 
development, cost efficiency, and compliance with 
environmental standards, [1]. Pumping units hold a 
pivotal role in the energy dynamics of mining 
enterprises, facilitating the extraction of 
groundwater and wastewater, ensuring consistent 
water discharge, and ensuring operational safety, 
[2]. According to industrial energy audits, the 
proportion of energy consumption attributable to 
pump units can reach 30–40% of the total electricity 
usage within an enterprise, [3]. In light of the above, 
even slight enhancements in pump management 
efficiency can yield significant economic and 
operational benefits. 

Nonetheless, the management of pump 
installations in quarry environments is fraught with 
challenges. The main load on the electric drive 
arises from hydraulic resistance, which depends on 
variables such as water level, viscosity, density, and 

dynamic flow alterations, [4]. The abovementioned 
parameters are inherently variable and cannot be 
accurately described through fixed characteristics. 
That being said, the control system must exhibit a 
high degree of adaptability and possess the ability to 
anticipate the behavior of the system in real-time 
mode.  

Currently, a variety of technical solutions exist, 
including intelligent pumps, frequency-regulated 
drives, and programmable logic controllers, [5]. 
However, the majority of these systems require the 
deployment of external sensors for monitoring 
pressure, flow rate, water level, and rotational 
speed. The financial burden of these sensors, along 
with their installation and maintenance, is often 
comparable to the cost of the pump equipment itself, 
particularly in environments that are polluted, 
corrosive, or difficult to access. What is more, even 
with the integration of sensors, many prevailing 
solutions fail to deliver the required level of 
accuracy and response time, [6], [7]. Notably, in 
unstable operating conditions such as a sudden 
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surge in pressure or cavitation phenomena [8], [9], 
deviations in control can lead to engine overload or 
diminish operational efficiency.  

Against this backdrop, intelligent control 
methods [10], [11] based on the internal parameters 
of the electric drive, such as currents and magnetic 
fluxes, without the use of additional sensors [12], 
have acquired particular relevance. Nonetheless, the 
scientific literature reveals a limited number of 
studies that explore the potential for predicting the 
state of the pumping unit solely based on engine 
parameters. This is particularly pertinent for 
asynchronous machines, which are predominant in 
industrial applications, [13]. Additionally, the issue 
of integrating the electromechanical and hydraulic 
models [14] remains inadequately explored, with the 
majority of algorithms failing to accommodate real-
time variable loads, [15]. 

Thus, there exists a pressing scientific and 
technical imperative for the development of novel 
approaches that will enable: the elimination of 
external sensors without compromising accuracy; 
the consideration of hydraulic load dynamics; the 
prediction of latent parameters of the electric drive; 
and the reduction of overall energy consumption 
within the system. This study endeavors to address 
these challenges by constructing an integrated 
model of the pumping unit utilizing an extended 
Kalman filter (EKF) that operates exclusively on the 
basis of electromechanical measurements. The 
novelty of this study resides in the development of 
an adaptive control system based on the prediction 
of the stator current of an asynchronous motor 
through the extended Kalman filter. This innovation 
facilitates the omission of traditional level and 
pressure sensors while still maintaining the accuracy 
of the pump's workload assessment. Research 
hypothesis: The idea of the research posits that the 
analysis of the electromechanical parameters of the 
motor itself may suffice for the precise control of 
the pumping system under unstable operating 
conditions.  

The purpose The main purpose of this study is 
to enhance the energy efficiency and reliability of 
pump units by implementing a predictive control 
system grounded in stator current and a 
mathematical model of the electric drive. To 
accomplish this objective, the following tasks were 
delineated:  

1. Construct a mathematical model of an 
asynchronous electric motor for a pumping unit, 
taking into account the hydraulic load. 

2. Develop an algorithm for forecasting the stator 
current utilizing an extended Kalman filter.  

3. Compare the simulation outcomes with 
empirical data and assess the accuracy of the 
proposed approach. 

4. Evaluate the feasibility of employing the 
proposed system for sensorless control of pumps in 
coal mining environments 
 

 

2  Problem Formulation 
Methods of prediction and sensorless control of 
electric drives utilizing the Kalman filter have 
garnered substantial attention in recent years. The 
study referenced in [16] delineates the online 
estimation of electrical and mechanical parameters 
of an asynchronous motor through the application of 
the Kalman filter, which has significantly enhanced 
the precision of the machine’s state identification. In 
[17], the researchers dealt with a compensation 
mechanism for inverter nonlinearities within 
sensorless control systems, thereby achieving 
remarkable control accuracy. 

In [18], the application of an adaptive Kalman 
filter in the control of a permanent magnet 
synchronous motor (PMSM) was examined, 
validating its efficacy under fluctuating load 
conditions. The research presented in [19] employed 
a nonlinear variant of the Kalman filter – the 
Unscented Kalman Filter (UKF) – as a component 
of the model predictive control for a PMSM, 
demonstrating its advantages in maintaining 
stability. Similarly, in [20] the control mechanisms 
of a seven-phase asynchronous motor were 
explored, emphasizing the system's stability in the 
absence of a speed sensor.  

In [21], the authors implemented a self-adaptive 
parameter estimation horizon methodology, 
underscoring the significance of real-time model 
correction. The study in [22] proposed an enhanced 
technique for back-EMF estimation for the control 
of a BLDC motor in electric vehicles, based on 
adaptive PFC and current prediction. 

The investigation in [23] delves into on the 
estimation of operational points of a pump system's 
electric drive, utilizing pressure and inverter data. 
Next, in [24] the authors optimized the 
computational implementation of PFC for 
embedded microcontrollers, rendering it applicable 
in industrial real-time systems. The research 
detailed in [25] successfully realized sensorless 
control of a synchronous reluctance motor based on 
PFC, affirming the method's effectiveness in torque 
control. Furthermore, in [26] adaptive PFC was 
employed in navigation tasks, demonstrating the 
method's universality across various application 
domains. In addition, the work presented in [27] 
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proposed an energy-efficient control system for 
pump systems, focusing on performance 
optimization.  

Consequently, the analysis of the literature 
substantiates the extensive application of PFC and 
other predictive methods in electric drive control 
systems. Nevertheless, the majority of existing 
research predominantly concentrates on 
synchronous motors (PMSM, BLDC) or on speed 
control. In contrast, the utilization of PFC for 
estimating stator current in asynchronous pump 
system motors remains a relatively underexplored 
domain. Moreover, the existing studies rarely take 
into account the hydraulic component of the load, 
which constrains the models’ accuracy under 
variable conditions. These limitations underscore 
the necessity for constructing an integrated model 
that encompasses both the electromechanical and 
hydraulic components, employing RF methods to 
predict latent parameters. It is precisely the solution 
of these challenges that the current research delves 
into. 
 

 

3 Methods and Materials 
 

3.1 Research Procedure 
This study was conducted with the aim of enhancing 
the energy efficiency of pumping units employed in 
coal mining quarries. The main purpose was to 
develop a mathematical model of an asynchronous 
electric motor integrated with a pumping unit. 
Additionally, it was intended to implement the RFK 
algorithm for forecasting the stator current and 
assessing the system's condition under varying load 
conditions. The study was conducted in three stages:   

1. Building a mathematical model of an 
asynchronous motor, taking into account the 
electromechanical and hydraulic characteristics of 
the pumping unit.  

2. Implementing a numerical algorithm for 
predicting the state utilizing RFK, based on the 
discrete formulation of the Park-Gorev equations. 

3. Verifying the model and comparing 
simulation results with experimental data regarding 
measured stator currents.   
All calculations were performed at the research 
laboratory of industrial electric drive systems. The 
software implementation of the RFK model and 
algorithm was carried out within the 
MATLAB/Simulink environment. 
 
 
 

3.2 Sampling 
The research object was a typical pumping unit 
utilized for water drainage within a coal mining 
quarry. An asynchronous machine with a short-
circuited rotor, possessing a power output of 15 kW 
and a rated frequency of 50 Hz, was selected for 
simulation in conjunction with a centrifugal pump. 
This type of equipment is extensively utilized across 
industrial sectors and reflects the most common 
operational conditions. The number of tests and 
simulation iterations conducted exceeded 50, 
thereby enabling a comprehensive evaluation of the 
stability of the RFK algorithm under a variety of 
load conditions, including fluctuations in water 
level, variations in network resistance, as well as 
changes in liquid viscosity. The rationale for 
selecting this specific pump model lies in its 
widespread application and the availability of 
reference experimental data for subsequent 
verification.  
 
3.3 Methods 
In this study, the preliminary stage of developing a 
mathematical model for the electric drive and pump 
units involves equations that delineate the dynamics 
of the pump. The pump unit comprises an 
asynchronous motor featuring a short-circuited 
rotor. As part of the study, a simulation was 
executed for the GFm32-160B electric pump drive, 
which possesses a power rating of 2.2 kW. The 
GFm32-160B pump model facilitates a detailed 
analysis of the system’s dynamics and incorporates 
all necessary parameters for optimizing the 
performance of the pumping unit. The principal  
task is to integrate the electromechanical and 
hydraulic components of the pump, for which the 
Park-Gorev equation is used, [28].  
 
 
      (1) 
 
 
where ψds, ψqs – flux linkage along the axes d and 
q; ids, iqs – stator currents; idr, iqr – rotor currents; Ls – 
stator inductance; M – mutual inductance. 

 
It should be mentioned that the corresponding 

matrices are used to determine the values of the 
stator and rotor inductances of an asynchronous 
motor. They take into account the mutual 
inductances between the stator and rotor windings, 
as well as the self-inductances of each winding. The 
abovementioned inductances can be described using 
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matrices that define the inductive connections in the 
system, [29], [30], [31].  

 (2) 

  
 

where L0 is the nominal inductance; σs – stator 
scattering coefficient; σr – rotor dissipation 
coefficient; θr – the electrical angle of the rotor. 

 
In essence, the electromagnetic torque of an 

asynchronous motor can be calculated utilizing the 
matrix expression, taking into account the currents 
and inductances in the stator and rotor.  

 
 

      (3) 
 

where p is the number of pole pairs.  
 
The hydraulic component of the pump can be 

described through a series of equations that include 
fluid motion equations and equations relating 
hydraulic and mechanical parameters. Let us 
consider the basic equations that delineate the 
hydraulic processes occurring within the pump [17]. 
(3) 
 

(4)   

where dQ/dt – change in pump productivity over 
time; ω – angular rotation speed of the motor; H0 – 
nominal pressure at zero productivity; r2 – impeller 
radius; ig – gear ratio between the motor and the 
pump; x1 – constant; HCT – water rise height; an, ap – 
hydraulic resistance. 

 
For forecasting of the state of the asynchronous 

motor as part of the pumping unit is applied 
Extended Kalman filter (EKF). In the present study 
special attention is paid to the prediction of stator 
currents. Essentially, it is these parameters that are 
sensitive to changes in external load, caused by 
changes in the water level and its viscosity during 
the pumping process. The prediction of the stator 
current allows for the implementation of intelligent 

control of the pumping unit without the use of water 
level sensors, based solely on the parameters of the 
electric drive. Since the implementation of the EKF 
is carried out in digital form, the continuous model 
based on the Park-Gorev equations is discretized in 
time. Consequently, the system can be presented as 
follows: 

 
 

(5) 
where x(tk) – state vector; Ad – discrete state matrix; 
Bd – discrete control matrix; u(tk) – control moment 
vector.  

 
(6) 

where y(tk) – measured value vector; C(tk) – output 
matrix. 

 
(7) 

 
where A(t) – the matrix of the system in discrete 
time; T – step; I – identity matrix.  

 
(8) 

 
where B(t) – the control matrix in continuous time. 

 
The RKF algorithm consists of two stages: 

extrapolation and correction. Extrapolation is 
performed on the basis of a discrete mathematical 
model of an asynchronous electric motor (equations 
(5)–(6)) to predict the state of the system, while the 
correction refines the estimate using the measured 
stator currents. The current paper proposes to 
modify the standard state vector estimation equation 
(equation (14)) by introducing an additional 
estimate of the rotor flux vector. Given the above, 
the RLC uses both the measured stator currents and 
the rotor flux estimate to more accurately determine 
the state of the system.  

 
The estimation of the predicted state is as 

follows: 
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The update of the covariance matrix of the error: 
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The update of the state vector with correction: 
 

      (12) 
 

where us(t) – input voltages; P(t) – covariance 
matrix of the error estimate; K(t) – Kalman gain 
matrix; R – measurement noise; H(t) – gradient 
matrix; Q – process noise. 

 
The extended Kalman gain equation: 

 
(13) 

 
The state vector update: 
 

(14) 
 

The observation matrix: 
 
 
 

(15) 
 
 
 
 
The covariance matrix update: 
 

(16) 
 
The process noise covariance matrix Q and the 

measurement noise covariance matrix R were 
selected based on experimental observations and 
characteristics of the measurement system. The R 
matrix reflects the variance of the stator current 
measurement noise, while the Q matrix takes into 
account the uncertainties of the mathematical model 
associated with the nonlinearity of the hydraulic 
load and variations in the parameters of the electric 
drive. 

The initial error covariance matrix P(t0) was set 
diagonal with increased initial values, which 
corresponds to the lack of a priori information about 
the state of the system during startup. During 
operation, the EKF recursively corrects P(tk), which 
leads to a gradual decrease in the estimation 
uncertainty. 

Sensitivity analysis showed that moderate 
variations in the values of Q and R do not lead to a 
loss of filter convergence, which confirms the 
robustness of the proposed algorithm. 

The prediction algorithm is implemented based 
on the extended Kalman filter, the structure of 
which is shown in Figure 1 (Appendix).  

Figure 1 (Appendix) shows the structure of the 
EKF algorithm, which consists of two main stages - 
state prediction and estimation correction based on 
measurement results. Such a structure provides 
recursive refinement of the system state in discrete 
time. 
 
3.4 Tools 
MATLAB/Simulink tools were used for numerical 
simulation and algorithm implementation – for 
building the engine and pump model, discretizing 
equations, implementing the EKF, and visualizing 
results. All tools and methods were used in 
conjunction, providing a holistic system for 
intelligent control of the pumping unit without the 
use of physical pressure or flow sensors. 
 

3.5  Stability and Convergence Analysis of 

 the Discrete EKF-Based Model 
The stability of the proposed discrete 
electromechanical model in combination with the 
extended Kalman filter (EKF) is an important 
condition for its reliable operation under variable 
hydraulic loads. The dynamics of the system in 
discrete time is determined by the state transition 
matrix Ad, obtained by discretizing the Park-Gorev 
equations. 

The local stability of the discrete model was 
assessed by analyzing the eigenvalues of the matrix 
Ad. For the nominal operating modes considered in 
this study, all eigenvalues of Ad are located inside 
the unit circle, which indicates the local asymptotic 
stability of the linearized system near the operating 
point. 

As for the state estimation process using the 
EKF, for nonlinear systems, global stability 
guarantees, as a rule, cannot be rigorously proven. 
However, under standard assumptions regarding the 
boundedness of disturbances, a small discretization 
step, and the presence of excitation at the input of 
the system, the EKF ensures the boundedness of the 
estimation error covariance. In the proposed model, 
the covariance matrix Pk remains positive definite 
and bounded throughout the simulation time. 
 

 

4 Results 
An integrated model of the pumping unit (Figure 2, 
Appendix) was built based on the equations 
delineated in Section 3, taking into consideration 
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electromechanical and hydraulic processes, as well 
as the digital control system. 

Figure 2 (Appendix) illustrates an integrated 
mathematical model of an induction motor and 
pump, in which the hydraulic load directly affects 
the electromagnetic torque and stator current. This 
allows for variable operating modes to be taken into 
account without the use of additional sensors. 

Using a developed mathematical model of the 
GFm32-160B pump’s electric drive, the values of 
the stator and rotor current, electromagnetic torque, 
and angular rotation speed of the motor were 
determined. The experimental data obtained during 
the testing process were juxtaposed to the 
simulation results to verify the accuracy of the 
computational model. According to the 
mathematical model, in the initial phase of starting 
up the stator current reached a peak of 37 A, which 
is comparable to the experimental value of 39.2 A. 
The starting time in both cases was from 0.3 to 0.5 
seconds (Figure 3, Appendix). 

Figure 3 (Appendix) shows the experimental data 
for measuring the stator current of the asynchronous 
electric motor of the GFm32-160B pump unit under 
conditions of variable hydraulic load. As can be 
seen, characteristic fluctuations in the current 
amplitude are observed, caused by changes in the 
water level and the corresponding increase in 
resistance at the pump outlet. These data were used 
to verify the model and adjust the PFC algorithm. 

The comparison shown in Figure 3 (Appendix) 
demonstrates a high agreement between the results 
of mathematical modeling and experimental data. 
The relative deviation of the maximum stator 
current in the transient mode does not exceed 5%, 
while in the steady state the difference is within the 
measurement error. 

Comparative calculations between experimental 
and simulated values of the stator current and 
angular speed were carried out to quantitatively 
assess the accuracy of the proposed mathematical 
model. The calculation of relative errors showed a 
high degree of agreement between the model and 
the real data. The summary results are presented in 
Table 1 (Appendix).  

It should be noted that during the experiments, 
challenges emerged in accurately measuring the 
precise instantaneous values of the GFm32-160B 
pump's electric drive speed, whereas the results 
derived using the mathematical model exhibited 
high accuracy in displaying all corresponding 
values. Consequently, the nominal angular velocity 
was found to be identical in both cases (Figure 4, 
Appendix). 

Figure 4 (Appendix) illustrates the data 
pertaining to the variation in the angular velocity of 
the pump unit's electric drive during both simulation 
and experimental procedures. It can be seen that the 
values derived from the mathematical model (a) 
exhibit a commendable concordance with the 
experimental findings (b). The maximum deviation 
between the curves does not exceed 5%, thereby 
confirming the adequacy and validity of the 
developed model. 

In addition to the comparative analysis of the 
analytical and experimental models (Table 2, 
Appendix), the characteristics of the variations in 
magnetic flux linkages pertaining to the rotor and 
stator of the GFm32-160B pump motor were 
examined through the mathematical model. It 
should be noted that empirical measurement of these 
parameters was not possible to measure due to the 
challenges associated with accessing the necessary 
equipment and the inherent limitations of the 
technical means available for accurately measuring 
these parameters.  

Figure 5 (Appendix) shows the dynamics of the 
stator current of the asynchronous motor, calculated 
using equation (2) without the application of the 
RFK. At the initial moment of time (up to ~4 
seconds), a pronounced transient process is 
observed with current fluctuations in a wide range 
of ±40. Following this, the system enters a steady 
state, and the current stabilizes around zero with 
slight fluctuations. The yellow area reflects the 
range of calculated current values during the 
simulation process, demonstrating the model’s 
behavior under transient and steady-state conditions. 

Figure 6 (Appendix) shows the dynamics of the 
stator current of an asynchronous motor after the 
application of the RKF. In the initial phase (up to ~3 
seconds), a transient process is observed with 
current fluctuations within ±40, after which the 
current quickly stabilizes, demonstrating the 
stability of the model. Compared to the previous 
graph without RKF, a significant reduction in the 
scatter of values and a decrease in fluctuations in the 
steady state can be noted. The green area illustrates 
the smoothed current estimates obtained as a result 
of filtering, which confirms the effectiveness of 
RKF in suppressing noise and increasing the 
accuracy of predicting the dynamics of the stator 
current (Figure 7, Appendix). 

Figure 7 (Appendix) shows the result of stator 
current prediction using EKF. Compared with the 
unfiltered signal (Figure 6, Appendix), a significant 
reduction in variance and noise suppression is 
observed after the transient process is completed. 
This confirms the effectiveness of EKF in reducing 

WSEAS TRANSACTIONS on POWER SYSTEMS 
DOI: 10.37394/232016.2026.21.6

Saidamirkhon Hayrullaxon O’g’li Oripov, 
Shukhrat Umarov, Islombek Abdullabekov, Alexander Fomin

E-ISSN: 2224-350X 60 Volume 21, 2026



the estimation error and increasing the stability of 
the prediction. 

As a result of the study, an integrated 
mathematical model of the pumping unit was 
developed, encompassing both electromechanical 
and hydraulic components. The implemented RKF 
algorithm facilitated accurate predictions of the 
stator current and rotor angular velocity based on a 
minimal set of input parameters. The simulations 
conducted validated that the proposed system 
guarantees stable operation of the electric drive 
under varying loads and enables the elimination of 
additional pressure and flow sensors. The 
discrepancy between the simulated and 
experimental data was less than 5% for angular 
velocity and less than 2% for stator current, 
underscoring the high accuracy of the constructed 
model. Hence, the employed approach significantly 
streamlines the structure of the control system while 
enhancing its energy efficiency through predictive 
control. 
 
 
5 Discussion 
The results obtained from this study elucidate the 
remarkable accuracy and stability of the proposed 
sensorless control model for a pump unit based on 
an asynchronous motor. A comparative analysis 
with existing scientific approaches facilitates an 
assessment of the contributions of this work to the 
advancement of the field. Some relevant study can 
be found in [32]. In the study [16], the authors 
implemented an online estimation of the parameters 
of an asynchronous motor utilizing a frequency 
converter. However, their model fails to incorporate 
the hydraulic load, in contrast to our approach, 
which regards the pump as a dynamic component.  

In [17], the compensation for inverter 
nonlinearities in sensorless control systems was 
proposed, enhancing accuracy yet neglecting the 
integration of the drive model with the external 
load. On the other hand, our model encompasses the 
interaction between the pump and the drive, thus 
presenting a significant advantage. The study [18] 
introduced an adaptive Kalman filter for the control 
of a Permanent Magnet Synchronous Motor 
(PMSM). Although their approach demonstrates 
high accuracy, such methods are predominantly 
applicable to synchronous motors. We have 
substantiated that comparable efficiency can be 
achieved for asynchronous motors.  

In [19], the authors used the Unscented Kalman 
Filter (UKF) as part of Model Predictive Control 
(MPC), yet their focus remained on the rotational 
speed, whereas our research prioritizes the 

prediction of the stator current, which serves as a 
more sensitive indicator of load variations. The 
authors in [20] investigated a seven-phase 
asynchronous drive, albeit without integrating a 
hydraulic model. In contrast, our study harmonizes 
electromechanical and hydraulic dimensions.  

Yet another study [21] delves into the 
application of the Moving Horizon Estimation 
method and self-tuning, albeit with a focus on 
PMSM and necessitating complex optimization. Our 
implementation, in contrast, is more straightforward 
and suitable for systems that are more accessible in 
terms of design. In [22], the EKF was developed for 
BLDC control in electric vehicles, addressing 
comparable back-EMF estimation tasks. In our 
system, the stator current is estimated, which 
facilitates implementation, particularly under 
demanding operating conditions, such as those 
encountered in quarries.  

The study [23] illustrates how pressure and 
inverter data can be used to estimate the load. 
However, our approach entirely eliminates the need 
for sensors and relies solely on electrical 
parameters, thereby streamlining the system. In 
[24], the emphasis was placed on the computational 
optimization of the EKF. Their approach 
corroborates the feasibility of such algorithms in 
real-time applications, which aligns with our 
solution, implemented in MATLAB/Simulink with 
potential for subsequent migration to embedded 
platforms. 

In [25], sensorless control of Synchronous 
Reluctance Motors (SynRM) was executed. The 
objective in the said study bears similarity to ours, 
yet they did not simulate the interaction with a 
mechanical load. Our system encompasses a broader 
spectrum of parameters. In [26], the applicability of 
adaptive Power Factor Correction (PFC) in 
navigation systems was demonstrated. Despite the 
differing application, their algorithm substantiates 
the flexibility of the PFC approach, similar to our 
implementation in the pumping unit. In [27], an 
energy-efficient pump control system was proposed, 
though it lacks predictive algorithms and 
necessitates the use of sensors. Our work eliminates 
this dependency while enhancing accuracy.  

It should be noted separately that the 
computational complexity of the proposed EKF 
algorithm is determined by the operations of matrix 
multiplication and inversion and has the order of 
O(n3), where n is the dimension of the state vector. 
Given the small number of state variables in the 
proposed model, the algorithm is suitable for 
implementation in real time and can be adapted for 
embedded microprocessor systems. 
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Thus, the majority of the reviewed studies either 
concentrate on synchronous machines, do not take 
into account the influence of external loads, or 
depend on pressure, speed, or position sensors. The 
system we propose amalgamates the advantages of 
predictive control with a sensorless approach, 
thereby expanding the horizons of existing 
solutions. This study is fully aligned with the 
established objective: the development of a control 
model for a pumping unit devoid of physical 
sensors. All designated tasks have been 
accomplished. The hypothesis regarding the 
feasibility of precise control predicated solely on 
electromechanical parameters has been 
experimentally validated. The proposed system 
holds promise for successful application in water 
drainage systems within coal mining quarries and 
can also be adapted to other industrial systems 
characterized by variable load. 
 

 

6 Limitations 
Despite the positive results, the developed control 
system possesses several limitations:   

1. Complexity of parametric adjustment. For the 
model to function optimally, an accurate 
understanding of the parameters pertaining to the 
asynchronous motor and the pumping unit is 
imperative, including inductances, resistances, and 
moments of inertia. In the absence of reliable 
specifications, errors may occur during the 
identification process.   

2. Sensitivity to external disturbances, such as 
sudden changes in fluid properties (in particular, 
viscosity and density), or instability in the power 
supply can reduce the accuracy of predictions 
without appropriate model adaptation. 

3. High computational costs. The implementation 
of the extended Kalman filter algorithm necessitates 
substantial computational resources, particularly at 
high sampling frequencies, which may constrain its 
application within microcontroller systems 
characterized by limited performance capabilities.   
4. The lack of feedback concerning actual pressure 
or flow rate can prove critical in emergency 
scenarios, where precise regulation of hydraulic 
parameters is essential, extending beyond mere 
monitoring of stator current.  
 

 

7 Recommendations 
Drawing upon the conducted research, the following 
recommendations and directions for further work 
can be formulated:  

1. Development of adaptive mechanisms for real-
time auto-tuning of model parameters will enhance 
the system’s resilience to fluctuations in 
environmental and equipment characteristics.  

2. Optimization of the Extended Kalman Filter 
(EKF) algorithm to diminish computational volume, 
including by simplifying matrix operations or the 
transitioning to lower-order filters, is an urgent task. 
This will facilitate the method’s adaptation for 
embedded control systems.  

3. Integration with Supervisory Control and Data 
Acquisition (SCADA) systems and digital twins will 
empower the proposed model to function as a 
component of more sophisticated automated control 
systems for pumping stations.  

4. The adaptation of the algorithm for diverse 
types of equipment, including fans, compressors, or 
drives within heating and water supply systems, has 
a high potential for practical application.  

5. The introduction of fault detection and 
diagnosis based on the deviation of predicted 
parameters from actual values can increase the 
reliability and safety of operations.  
 

 

8 Conclusion 
Modern pumping installations, particularly within 
the context of coal mining, require a significant 
degree of adaptability and energy efficiency. 
Conventional control methods rely heavily on a 
large number of sensors, which complicates the 
system architecture and increases operational costs. 
Given the above, the advancement of intelligent 
control strategies that can deliver precision and 
dependability with a minimal suite of measuring 
instruments has become an urgent task. 

The mathematical model of the GFm32-160B 
electric pump drive has demonstrated adequacy and 
high accuracy in assessing the main parameters of 
the system. By employing RLC to predict stator 
currents, magnetic flux linkages, and motor angular 
velocity, a deviation of no more than 5% from 
experimental data was achieved. The proposed 
approach has shown that it is feasible to provide a 
reliable evaluation of the drive’s condition, even in 
the absence of direct measurements of torque or 
magnetic flux linkages. Nonetheless, it was 
observed that despite the model’s efficacy, it does 
not take into account the D matrix and the mutual 
inductances between the stator and rotor, which 
could potentially introduce inaccuracies. 

The developed system is applicable for 
controlling pumping units across various sectors, 
including the mining industry, water supply, thermal 
power engineering, and other sectors where 
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optimization of energy consumption and 
enhancement of equipment reliability are required. 
The capacity to dispense with costly pressure and 
flow sensors renders the proposed method 
particularly appealing in environments characterized 
by heightened vibration, pollution, or constrained 
maintenance opportunities. Looking ahead, it is 
expedient to refine the mathematical model by 
taking into account the D matrix and the mutual 
inductances between the stator and rotor windings to 
increase accuracy under extreme operating 
conditions. Another promising avenue of 
exploration lies in the development of an adaptive 
version of the RLC algorithm, capable of 
autonomously adjusting filter parameters in 
response to fluctuating conditions. Particular 
emphasis should be placed on the evolution of 
embedded computing solutions with low power 
consumption to facilitate the implementation of such 
systems at the industrial automation level. 
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APPENDIX 
 
 

Fig. 1: The extended Kalman filter algorithm  
Source: prepared by the author 
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Fig. 2: Mathematical model of the asynchronous motor with a short-circuited rotor of the GFm32160B pump 

Source: prepared by the author 
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Fig. 3: Measurement results of the stator current of the GFm32-160B pump’s electric drive:   
a) mathematical model; b) experimental findings  

Source: prepared by the author 
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Fig. 4: Measurement results of the angular velocity of the GFm32-160B pump electric drive:   
a) mathematical model; b) experimental findings  

Source: prepared by the author 
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Fig. 5: Results of measurements of the magnetic flux linkages of the GFm32-160B pump motor: 
a) stator; b) rotor  

Source: prepared by the author 
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Fig. 6: Stator current of an asynchronous motor   

Source: prepared by the author 

 
 

 
Fig. 7: Stator current of an asynchronous motor predicted by the application of RKF   

Source: prepared by the author 

 
Table 1. Table of comparative errors 

Maximum stator current of the 
mathematical model [A] 

Maximum stator current of the experimental 
model [A]  

Relative error  Absolute error  

37  39  5%  2  
Nominal stator current of the mathematical 
model [A]  

Nominal stator current of the experimental 
model [A]  

Relative error  Absolute error  

3  3  0 %  0  
Nominal shaft rotation frequency of the 
motor mathematical model [rpm]  

Nominal shaft rotation frequency of the 
motor experimental model [rpm]  

Relative error  Absolute error  

2800  2850  1.7%  50  
Source: prepared by the author 
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Table 2. Comparative table of the mathematical and experimental models of the GFm32-160B pump's electric 
drive 

Model Maximum current 
(A) 

Nominal stator current 
(A) 

Stator angular velocity 
(rad/s) 

Transition process time 
(s) 

Mathematical 
model   

37 3 2800 0.3-0.4 

Experimental 
model  39 3 2850 0.3-0.4 

Source: prepared by the author 
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