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DEVELOPMENT AND RESEARCH OF A SYSTEM FOR CONTROLLING THE
CONCENTRATION OF EXPLOSIVE DUST AND GAS COMPONENT OF THE
ATMOSPHERE

Abstract. This paper focuses on the development and experimental study of an optical-
electronic system (OES) for monitoring explosive dust-gas atmospheres. The system employs dual-
spectrum measurements for early detection of fire events while maintaining resilience against
optical interference and dust. The proposed solution significantly reduces false alarms, ensuring
accurate fire detection in hazardous environments.

Key words: optical-electronic system, fire detection, explosive atmosphere, spectral analysis,
dust concentration, optical interference.

Introduction. Explosive dust-gas atmospheres pose a critical safety risk in industries like
mining, chemical plants, and power stations. Conventional fire detection systems often struggle in
such environments due to high levels of dust and optical interference, leading to false alarms or
missed detections. The development of an OES using dual-spectrum measurements addresses these
challenges, providing reliable early-stage fire detection.

The goal of this research is to design and validate an OES capable of maintaining high
detection accuracy in challenging industrial conditions.

Methods and Materials. The system integrates spectral pyrometry and paraxial optics to
measure emissions across different wavelengths. MATLAB and ANSYS Maxwell were used for
modeling system performance under varying conditions, including high dust concentrations and
interference from industrial light sources.

Key Formulas Used:

1. Spectral Transmission and Absorption:

The transmission 1(A) of light through a medium is defined as (1):

(%)

T = G = ek D) (1)
where I(A) is transmitted light intensity, I(A) is incident light intensity, k. iS spectral absorption
coefficient, | is path length through the medium.

2. Spectral Ratio for Fire Detection:

The system calculates the spectral ratio RRR as follows (2):

I/

1

R=" )

2

where I, and I. are the intensities in two spectral bands. This ratio helps distinguish between fire
signals and external noise.
3. Signal-to-Noise Ratio (SNR) (3):

SNR = £ @)
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where L is mean signal value, o, is standard deviation of noise.

The proposed OES is based on a dual-spectral-ratio method. It features a three-channel optical
system for improved accuracy and noise rejection. The system (Fig. 1) demonstrated the following
characteristics:

« Detection time: less than 5 ms, crucial for early fire detection.

« Detection probability: exceeding 95%, even under conditions with significant dust and

optical interference.

Optical system Control and decision
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Fig. 1. Structural Diagram of the OES

One of the core functionalities of the OES is its ability to accurately determine dust
concentration using spectral-ratio methods (Fig. 2). By measuring the absorption and scattering
effects at two distinct spectral bands, the system can isolate the impact of dust on the signal.

In laboratory tests, the OES accurately measured dust concentrations ranging from 0.01 g/m?
to 0.5 g/m°.

Spectral filtering ensured minimal signal distortion, even in environments with varying dust
particle sizes and densities.

The measured intensity after passing through a dust-laden medium was modeled using (4):

I,=1-e"" ()

where k, is dust-specific absorption coefficient.

Transmittance

Wavelength
Fig. 2. Spectral Response Under Varying Dust Concentrations
1 — typical characteristic; 2 — presentation of characteristics in a simplified form

The system’s (Fig. 3) performance was further validated in environments with artificial light
sources. Industrial lighting, such as LED and incandescent lamps, introduced significant optical
noise, yet the OES successfully distinguished between true fire signals and interference.

/ a o \
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Probability of false detection due to optical noise was reduced to less than 5%.
The intensity ratio approach used is given by (5):

I ¢
Rom i (5)

ambicnt

where I.. and L.... represent fire and ambient light intensities, respectively.

LTR-U-1 USB 2.0
crate
from photodiodes Conversi ion
—_—
block |
¢ . . ADC module
rom an optical-electronic sensor e
to the ignition device
Launch OWEN B Ethernet _ R
block PLC 150 PP
RS-485
with thermocouples Module

—_
MB110-8AC

Fig. 3. Block diagram of an automated control system

The system’s practical application was tested in a controlled industrial chamber simulating
environments found in mining and power stations. Key outcomes include:

« Detection range: Up to 35 meters for small ignition sources.

« Consistency: Reliable operation in dusty and poorly lit environments, with negligible delay
or accuracy loss.

Conclusions. This research successfully developed and validated an optical-electronic system
for detecting fires in explosive dust-gas atmospheres. Key outcomes include:

« Fast response time (<5 ms).

« High fire detection probability (>95%).

« Robust performance in dusty and optically noisy environments.

« Detection range: Effective up to 35 meters.

The system's resilience and accuracy make it an ideal solution for enhancing industrial safety,
with potential applications in mining, chemical plants, and power stations. Future research will
focus on further optimizing the system and expanding its applicability.
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