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Abstract

Rapid coal quality detection is of great significance to the economic benefits, equipment safety and
environmental protection of coal-fired power plants. Traditional detection methods are time-consum-
ing with delayed data, while single-spectroscopy techniques each have limitations. This paper aims
to systematically review the development of coal quality rapid detection technology from single spec-
troscopy to multi-source fusion, and to clarify the current status and bottlenecks. This paper reviews
the principles, research progress and inherent defects of mainstream single-spectroscopy techniques,
including prompt gamma neutron activation analysis (PGNAA), laser-induced breakdown spectros-
copy (LIBS), X-ray fluorescence spectrometry (XRF), near-infrared spectroscopy (NIRS) and Raman
spectroscopy. The fusion strategies and representative works of multi-source fusion at data-level, fea-
ture-level and decision-level are also summarized. The analysis shows that a single technique cannot
simultaneously achieve full-index detection, high accuracy and no radiation risk. Multi-source fusion
can effectively improve detection comprehensiveness and accuracy through information complemen-
tarity. However, most current studies remain at the laboratory stage and face common challenges such
as data heterogeneity, model generalization ability, long-term operational stability and interpretabil-
ity. Multi-source fusion is an important direction for rapid coal quality detection. Future breakthroughs
in sample preparation, signal processing and intelligent control are needed to promote large-scale
industrial application.
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Figure 1. Schematic diagram of a transmissive neutron activation instrument
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Figure 2. Schematic diagram illustrating the principle of an energy-dispersive spectrometer
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Figure 3. Schematic diagram of the LIBS analyzer’s measurement principle
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Figure 4. Schematic diagram of a LIBS online analyzer
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Figure 6. Schematic diagram of a near-infrared online analyzer
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