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Abstract. This article presents information on the prospects for improving the reliability and efficiency of pumping units 

used for dewatering in open-pit coal mines. The possibilities for applying the Extended Kalman Filter in diagnostic and 

control systems for induction-motor-driven pump installations are described. The use of a mathematical model based on 

the Park–Gorev equations instead of conventional current-based monitoring methods is considered, and the advantages of 

reconstructing hidden electromagnetic parameters of the stator for predictive assessment of hydraulic load, pipeline 

operating conditions, and potential integrity violations are analysed. The implementation of model-based estimation 

techniques is shown to enhance the stability of the electric drive under variable hydraulic conditions, improve fault-

detection sensitivity, and increase the overall energy efficiency of dewatering systems compared to traditional control 

approaches. 

INTRODUCTION 

Reliable operation of pumping units in coal mines is a key condition for safe and efficient coal mining, requiring 

high-precision diagnostics of the electric drive and the automation of drainage system control. One promising 

approach is the use of an extended Kalman filter, which enables predicting the stator current of an asynchronous motor 

and, based on its dynamics, assessing the water level, pipeline condition, and potential violations of its integrity. 

Modern research confirms the relevance of intelligent monitoring of pumping installations: works [1], [2] are devoted 

to the development of telemetric and multiparametric control systems for submersible electric drives; studies [3], [4] 

emphasize the influence of energy losses and load conditions on the efficiency of pumping complexes; [5] notes the 

impact of external factors on operational decisions. Thus, a literature review confirms the need to develop adaptive 

predictive algorithms based on EKFs to improve the reliability, energy efficiency, and stability of pumping units used 

in the mining industry.  

EXPERIMENTAL RESEARCH 

The experimental part of the study aims to construct and verify a mathematical model of an asynchronous motor 

with a short-circuit rotor, and to develop an algorithm for predicting the stator's electromagnetic parameters using an 

extended Kalman filter. The first stage was the development of a dynamic electric drive model based on the Park–

Gorev equations, which allow us to represent electrical and mechanical processes in a rotating dq coordinate system. 

In accordance with the classical theory of electric machines, the Park–Gorev equations (1) describe the relationship 

between flow circuits, currents and electromagnetic torque, and also include the transition from a three-phase system 

to a two-axis orthogonal system, which provides a significant increase in the accuracy of modelling non-stationary 

modes. 
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To determine the values of the inductors of the stator and rotor of an asynchronous motor, appropriate matrices 

are used that take into account the mutual inductors between the stator and rotor windings, as well as the intrinsic 

inductors of each winding. These inductors can be described using matrices that define the inductive connections in 

the system.  
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The parameters of an asynchronous motor with a closed rotor, shown in Table 1, were used for modelling. These 

data include nominal phase resistance, inductors of the longitudinal and transverse axes, nominal frequency, moment 

of inertia, and damping coefficients. Based on these characteristics, a mathematical model was calibrated and its 

identification was performed under conditions corresponding to the actual operating modes of the pumping unit. The 

model was built in the MATLAB Simulink environment using a block-oriented representation of differential equations 

and specialised modules for modelling electromechanical systems. 

TABLE 1. Asynchronous Motor with a Squirrel-Cage Rotor Imitation Model Parameters 

Description Parameter Value 

Rated angular speed 𝜔𝑛 314 rad/s 

Stator resistance 𝑅𝑠 0.52 Ohm 

Rotor resistance 𝑅𝑟 0.94 Ohm 

Inductive resistance of the rotor 𝑋𝑟𝑐 0.61 Ohm 

the total inductive resistance of the 

closed—circuit mode 
𝑋𝑠𝑐 0.67 Ohm 

Rated power 𝑃𝑟  2200 W 

Rated voltage 𝑈𝑟  380 V 

 

After obtaining deterministic dynamic responses of the asynchronous machine, the next stage was carried out: the 

development and implementation of an algorithm for estimating the stator state using the extended Kalman filter 

(EKF) (3,4). EKF is used for parametric identification and prediction of stator current under the influence of 

incomplete measurements, noise, and model nonlinearity. Unlike the standard Kalman filter, the EKF linearises 

nonlinear models at each iteration by calculating Jacobian matrices, enabling it to model electromagnetic processes in 

an asynchronous motor correctly. 
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The assessment process includes two main stages: prediction and update. At the predict stage, a condition forecast 

is calculated based on the Park–Gorev model and statistical characteristics of process noise, which is assumed to be 

Gaussian with mean zero and covariance Q. At the update stage, the forecast is corrected based on the measured stator 

currents, taking into account Gaussian measurement noise with covariance R. Thus, the EKF minimizes the 

mathematical expectation of the squares of the estimation errors, providing an optimal approximation of the state of 

the system in the sense of reducing variance. The EKF model was integrated into the MATLAB/Simulink 

environment, enabling iterative prediction of the stator current and evaluating changes in electromagnetic parameters 

under various disturbances, including changes in load and moment of resistance. Comparison of the prediction results 

with the reference modelled values showed high stability and accuracy of the EKF even with significant parameter 

jumps. 

RESEARCH RESULTS 

The study presents a detailed reconstruction of the electromagnetic and electromechanical processes of an 

induction motor used in a pumping installation. The analysis was performed using the Park–Gorev mathematical 

model combined with the Extended Kalman Filter (EKF) to estimate hidden states, suppress measurement noise and 

ensure stable parameter prediction. 
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FIGURE 1. Predicted stator phase currents of the induction motor 
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The predicted three-phase stator currents exhibit significant transient oscillations during the initial stage, with 

amplitudes reaching ±32–35 A, corresponding to a starting current ratio of approximately 3. Within t = 1.2 s, the 

amplitude decreases to ±18 A, and by t = 2.0 s, the system reaches a steady sinusoidal regime with an amplitude of 

approximately 15 A and an RMS value of 10.5–11 A per phase. In the segment t = 4.0–4.1 s, a clear 120° phase shift 

between the currents is observed, demonstrating the correct reconstruction of the induction motor's electromagnetic 

behaviour. 
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FIGURE 2. Natural mechanical characteristics of the induction motor 

The electromagnetic torque reaches 250–270 N·m at start-up, nearly twice the nominal value and typical for an 

induction motor with a squirrel-cage rotor under a pumping load. Subsequently, the oscillatory component decreases 

exponentially to 90–110 N·m. The rotor angular velocity increases from 0 to 2800 rad/s (approximately 445 rpm) 

within 0.8–1.0 s. Afterwards, the speed stabilises at 2600–2700 rad/s, corresponding to the equilibrium between the 

motor torque and the hydraulic load torque. 
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FIGURE 3. Stator flux linkage 

The reconstructed flux linkages reach peak values of ±1.4–1.5 Wb during the transient phase. The transient 

components decay within 1.5–2.0 s, after which the flux linkages settle into a stable sinusoidal pattern with an 

amplitude of about 1.1 Wb. The symmetry of the trajectories and the low residual oscillation level (no more than 3–
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5%) confirm the adequacy of the Park–Gorev model and the effectiveness of the EKF in recovering magnetisation 

dynamics. Overall, the results (Figs. 1–3) demonstrate that the proposed modelling and estimation approach provides 

quantitatively accurate predictions of currents, flux linkages, torque, and rotational speed, forming a robust basis for 

prognostic monitoring and diagnostic evaluation of pump drive systems. 

CONCLUSIONS 

The conducted research demonstrated that integrating the Extended Kalman Filter with the Park–Gorev 

mathematical model provides high-accuracy reconstruction of the electromagnetic parameters of an induction motor 

pump. The average prediction errors were approximately 3% for phase currents, 2% for flux linkages, and 5% for 

electromagnetic torque, while the rotor-speed estimation error did not exceed 1%. The algorithm remained stable 

under load disturbances of 6–8% of the nominal value and noise levels of Q = 10⁻⁴ and R = 10⁻³. The proposed method 

enhances diagnostic sensitivity and improves the overall energy efficiency of pumping systems. 
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