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CONCENTRATION ESTIMATION IN COAL MINES
L2Batur M.O., Ph.D. in Geomatics Engineering

1
Technical University “Metinvest Polytechnic” LLC, Mining and Metallurgy Faculty,
2

Department of Mining; Alumni (Ph.D., Istanbul Technical University, Faculty of
Civil Engineering, Department of Geomatics Engineering)

Abstract. This study applies a one-dimensional Kalman Filter (KF) to improve methane concentration
estimation using simulated noisy sensor data. The true concentration was modeled as a slowly varying
random walk, and measurements were corrupted with Gaussian noise to mimic sensor inaccuracies.
Implemented in MATLAB, the KF iteratively predicts and updates the concentration by optimally combining
prior estimates with measurements. Results show that the KF effectively smooths fluctuations, closely tracks
the true concentration, and outperforms raw sensor readings, quickly converging from initial offsets.
Integrating KF-based estimation into methane monitoring enhances safety by providing stable, accurate real-
time data, reducing false alarms, and supporting timely decision-making.

Introduction. Methane is a highly combustible gas commonly found in coal
mines. Accumulation of methane above safe thresholds can lead to explosions, posing
severe hazards to miners [1]. Conventional sensors measure methane concentrations
directly; however, these measurements are often affected by sensor noise,
environmental variability, and measurement errors [2]. Accurate estimation of
methane concentration in real time is therefore critical for safety monitoring and
decision-making in coal mine operations.

Recent studies have emphasized the importance of developing advanced
monitoring and predictive tools for underground mining safety. For instance, [3]
proposed a computer-integrated monitoring technology with decision-support
functions to detect unauthorized disturbances in methane sensor operation,
highlighting the necessity of reliable signal processing for gas safety systems.
Similarly, simulation-based approaches have been applied to other mining hazards,
such as predicting water inrush risks in coal seams under aquifers using numerical
modeling in ANSYS, which demonstrates how advanced computational techniques
can support safety decision-making in complex mining environments [4].

Within this context, Kalman Filters (KF) offer a robust and widely adopted
framework for signal processing and state estimation in uncertain and noisy
conditions [5]. The KF provides an optimal estimate of system states by combining
prior predictions with noisy sensor data, thereby reducing uncertainty and improving
reliability. While previous research has focused on monitoring technologies and
numerical simulations for mining safety, this study explores the application of a one-
dimensional KF to improve the accuracy of methane concentration monitoring in coal
mines using simulated sensor data. By integrating KF-based estimation, the
monitoring of explosive gases in underground mining can be made more reliable,
enhancing both worker safety and operational decision-making.

Objective of the Study. The primary objective of this study is to implement and
evaluate a KF for real-time estimation of methane concentration in coal mines, using
noisy sensor measurements. Specific objectives include: (1) Simulating methane
concentration dynamics in a coal mine environment. (2) Applying a one-dimensional
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KF to reduce measurement noise. (3) Comparing filtered estimates with raw sensor
data to demonstrate performance improvements.

Methods. The true methane concentration was modeled as a slowly varying
random walk to mimic realistic underground fluctuations. Measurements were
generated by adding Gaussian noise to the true concentration, simulating typical
Sensor inaccuracies.

A one-dimensional KF was used to estimate the true methane concentration based
on noisy measurements. The KF algorithm consists of two main steps: Prediction and
Update. On the first step, the current estimate is predicted from the previous state,
assuming minimal changes between consecutive time steps. On the second step, the
predicted estimate is updated using the current noisy measurement, weighted by the
Kalman Gain, which balances the trust between prediction and measurement. The
process noise covariance and measurement noise covariance were chosen to represent
system uncertainty and sensor accuracy, respectively.

A numerical simulation was implemented in MATLAB with 50 time steps. The KF
estimated the methane concentration at each time step and was compared against the
noisy measurements and true values. Table 1 summarizes the step-by-step
implementation of the KF for methane concentration monitoring in a coal mine using
MATLAB.

Table 1 — KF implementation steps

Step Description

Define simulation parameters Set number of time steps, initialize vectors for true
methane concentration and noisy measurements

Generate true methane Simulate a slowly varying true concentration using a

concentration random walk model

Add measurement noise Generate noisy sensor measurements by adding
Gaussian noise

Initialize KF variables Define initial estimate, error covariance, process noise,
and measurement noise

Prediction step Predict the next state and update error covariance

Update step Compute Kalman Gain, correct the prediction using
the measurement, and update covariance

Loop for all time steps Repeat prediction and update steps for all iterations

Plot results Compare true methane, noisy measurements, and
Kalman estimates

The procedure begins with defining the simulation parameters and generating a
slowly varying true methane concentration through a random walk model. Noisy
sensor measurements are then simulated by adding Gaussian noise. The KF is
initialized with an initial state estimate, error covariance, and predefined process and
measurement noise values. The algorithm proceeds iteratively with prediction and
update steps: the prediction estimates the state and error covariance, while the update
corrects the prediction using new measurements and the Kalman Gain. These steps
are repeated across all time steps, and the final results are visualized by plotting the
true concentration, noisy measurements, and the KF estimates.
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Results and Discussions. Figure 1 presents the application of the KF to estimate
methane concentration in a coal mine environment. The true methane concentration,
modeled as a slowly varying process, is represented by the green line. The red
markers correspond to noisy sensor measurements, which fluctuate significantly
around the true values due to Gaussian noise. The KF estimate, shown in blue,
demonstrates the filter’s ability to reduce measurement noise and provide a more
reliable estimate of the underlying methane concentration.

. Kalman Filter for Methane Sensor in Coal Mine
. T T T T T T I

True Methane
# Noisy Measurements
== Kalman Estimate

Methane Concentration (%)

0.8 —

0.6 —

0.4 | | | | | I | |
0 3 10 15 20 25 30 35 40 45 50

Time Step

Figure 1 — KF for methane sensor in coal mine

The results highlight that the KF effectively smooths the fluctuations in sensor
readings while closely tracking the true concentration. At early time steps, the filter
starts with an initial offset due to the low prior estimate, but it quickly converges
toward the actual concentration. Over the simulation period, the KF estimate
consistently remains closer to the true methane values compared to raw sensor
measurements, thereby demonstrating its robustness in handling noisy data.

This outcome has practical implications for underground mining operations, where
methane concentration monitoring is critical for safety. By integrating KF into sensor
systems, mine operators can obtain more stable and accurate readings, allowing for
earlier detection of hazardous gas accumulations and reducing false alarms caused by
sensor noise. Moreover, the balance between process noise and measurement noise
plays a key role in filter performance: a smaller process noise emphasizes
smoothness, while a larger one allows the filter to respond more rapidly to changes.
Future work may involve adaptive adjustment of these parameters or multi-sensor
fusion for even more reliable monitoring.

Conclusions. This study demonstrated the effectiveness of applying a one-
dimensional KF to methane concentration monitoring in coal mines. The results
showed that the KF significantly reduces the impact of sensor noise while closely
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tracking the true methane concentration. Compared to raw sensor measurements, the
filter produced smoother and more reliable estimates, which is essential for timely
detection of hazardous gas levels in underground environments.

The findings suggest that integrating KF into methane monitoring systems can
enhance the robustness and accuracy of safety assessments in coal mines. By
providing stable real-time estimates, the approach minimizes false alarms caused by
measurement variability and supports more reliable decision-making for mine safety
management. Future research may explore adaptive or multi-dimensional KF models,
as well as sensor fusion techniques, to further improve monitoring accuracy under
dynamic underground conditions.
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OLIHKA KOPCTKOCTI BCTAHOBJIEHHS IIAXTHUX I'EO®OHIB
Tonosko IO.M., k. p.-m. n., ooyenm, 'Mepenenuys A.FO., acnipanm,
IHasapemco K.JI., cmyoenm
'Hayionanenuii  mexniunuii  ynisepcumem «/Juinposcvka nonimexwixay, JHinpo,

Yrkpaina
AHoTauis. Y CTarTi po3mIsHYTO MpoOiieMy 3a0e3MeUeHHsI HaJIHHOIO KOHTaKTy reo(OHIB 3 TipChKOIO
MOPOOI0 y IIaxTax. 3alpolNOHOBAHO METOJ OLIHKH OPCTKOCTI KOHTAaKTy Ha OCHOBI MOPIBHSHHS peakiiit

JIBOX THUIIB ceiicMonpuiiMadiB. MeTonuka IPYHTYEThCS Ha aHalli3i JMCKPETHUX IMepeTBOpeHb Dyp’e
OTPUMAHUX CUTHAJIIB 0€3 BUKOPUCTAHHS alpiOPHUX BiJOMOCTEH PO 30yPKyBaJIbHUHN BILIMB.

Beryn. OmamM i3 TOpHCTPOIB, IO BUKOPHUCTOBYETHCS JUISL  MPOBEACHHS
CEHCMOPO3BIKA Ta TPOTHO3YBAaHHS HEOE3MEYHMX Ta30JWHAMIYHUX SBUI TIPH
[IAXTHOMY BHUAOOYTKY € TeodoH — celcMomnpuiiMad 1HEpUIMHOro THUMy, IO
3a0e3neuye MEepBUHHE MEPETBOPEHHS KIHEMAaTUYHUX MapaMeTpiB KOJIWBAaHb T1PCHKOI
MOpOAM Ha eNEKTPUYHWM curHan. J[ns BuKopucTaHHi Te0o(dOHIB MPOOYpPIOIOTH
HEBENIMKI OTBOPHM Yy TIPChbKIA TOpOAl, Yy #AKI iX BCTAaHOBIIOIOTH IUISIXOM
PO3KIIMHIOBaHHS. MakcuMalibHa JKOPCTKICTh KOHTAKTY T€O(OHY 3 TIPCHKOIO MTOPOAOI0
€ KIIOYOBUM TMapaMeTpoM, 1Mo 3abe3medye JOCTOBIPHICTH 1  TOYHICTH
CEeCMOAKyCTUYHUX BUMIPIOBaHb. be3nepepBHi CTPYKTYpPHI Ta CHUJIOBI 3MiHU T1PCHKOi
MOPOJIU, CYTTEBO BIUIMBAIOTH HA >KOPCTKICTh KOHTAKTY, a BIAMOBIAHO 1 Ha SKICTh Ta
HaiiHICTh curHaly reodoHy. Tomy TpOBENEHHS MOCHTIKCHb, CIHPSIMOBAaHUX Ha
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