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Continual Learning for Volatile Matter Detection in Coal
via Near—Infrared Spectroscopy

WU Zhifeng"*, CHEN Hailin', YE Jinyan’, ZHAO Jingiu', ZOU Liang”
(1. China Certification &. Inspection Group Hebei Co. , Ltd. , Shijiazhuang 050071, China;
2. School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China;
3. Zhanjiang Customs Technology Center, Zhanjiang 524022, China)

Abstract: Volatile matter is a key indicator for evaluating coal quality and combustion characteristics, as its con-
tent directly affects combustion efficiency, reaction activity, and process adaptability. Near-infrared spectros-
copy is a rapid and non-destructive analytical technique that has been widely applied to the quantitative predic-
tion of coal volatile matter. However, in cross-batch applications, systematic spectral drift often occurs. When
new data is used to rebuild the model, the predictive capability for previous samples diminishes, exacerbating
the issue of catastrophic forgetting during model updates. To address this challenge, this study introduces a
continual-learning modeling method for coal volatile-matter prediction. During the feature extraction stage, a
network combining dense connections and self-attention mechanisms is developed to effectively capture both
local spectral details and global dependencies. In the model updating stage, a continual learning strategy inte-
grating statistical feature replay and knowledge distillation is implemented to achieve knowledge retention and
task adaptability without accessing original historical samples. Experiments conducted with three batches of coal
samples demonstrate that the proposed method effectively mitigates catastrophic forgetting and maintains stable
prediction performance under distributional shifts. Its overall accuracy approaches that of independent single-
task models, thereby providing a feasible technical solution for long-term and stable volatile matter detection in
complex industrial environments.

Key words: coal quality; near-infrared spectroscopy; continual learning; feature replay; knowledge distillation
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Two—-Dimensional Organic-Inorganic Hybrid Perovskite Optoelectronic
Devices: Mechanisms on Stability Enhancement and
Efficiency Improvement and Progress in Applications

SHI Zhenyu'*, ZHU Chongqin**, YANG Kun'*, MA Wei'*
(1. School of Materials and New Energy, Ningxia University, Yinchuan 750021, China;
2. Ningxia Key Laboratory of Photovoltaic Materials, Ningxia University, Yinchuan 750021, China;
3. College of Chemistry, Beijing Normal University, Beijing 100875, China;
4. Key Laboratory of Theoretical and Computational Photochemistry, Ministry of Education,
Beijing Normal University, Beijing 100875, China)

Abstract: The introduction of organic spacer cations endows two-dimensional organic-inorganic hybrid
perovskites with superior moisture resistance and thermal stability compared to their three-dimensional counter-
parts, along with a simpler preparation process. These advantages have made them a research hotspot in the
field of optoelectronic devices. To explore the research context in the field of two-dimensional organic-inorganic
hybrid perovskite optoelectronic devices and to address the critical issue of the synergistic enhancement of stabil-
ity and efficiency, this review systematically summarizes the core research findings and technological advance-
ments in this field in recent years. It elucidates the structural properties of two-dimensional perovskites and their
applications and studies in solar cells, light-emitting diodes, and photodetectors. The results indicate that the
synergistic application of organic ligand regulation and heterojunction design is the core pathway to achieve
simultaneous enhancement of stability and efficiency in two-dimensional perovskite optoelectronic devices, pro-
viding a reference for the performance optimization, technological breakthroughs, and commercialization of such
devices in the future. Furthermore, the current bottlenecks in two-dimensional perovskite research are identi-
fied, and future research directions in this field are proposed.

Key words: two-dimensional perovskites; solar cells; light-emitting diode; photodetector
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