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Abstract

In the monitoring process of artificial radioactive aerosol concentration, signal interference from
radon and its progeny poses a significant challenge. Traditional methods exhibit clear limitations
in adapting to changes in environmental background, often struggling to accurately capture the
time-varying characteristics of signals caused by environmental changes and their feature varia-
tions across different time scales. This paper introduces the Transformer architecture into the cal-
culation method for aerosol artificial radioactivity concentration, utilizing its multi-head self-atten-
tion mechanism and feature fusion module to optimize signal processing and effectively differenti-
ate radon progeny signals and their variations. At the same time, the model enhances adaptability
and robustness to the dynamic characteristics of signals through a multi-scale attention mechanism.
Additionally, the feature fusion module in the Transformer architecture can dynamically adjust fea-
ture representations based on real-time changes in the input signal, further improving monitoring
accuracy. Experimental results show that after introducing the Transformer architecture, the over-
all performance of the model is significantly improved, especially in processing signals in complex
and dynamic environments. This method not only increases detection accuracy but also effectively
reduces false positives and missed detections. In the task of distinguishing radon progeny signals
from artificial radioactive signals, the Matthews correlation coefficient (MCC) reached 0.85, with an
overall accuracy of 92%.
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Figure 1. Energy region division diagram
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Figure 2. Internal structure diagram of Transformer
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Figure 3. Attention mechanism and multi-head attention architecture diagram
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Table 1. Model performance comparison
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RO TAE N A SR At — o BE ] 5 U P A I TR o SN e N8 5 ven M U B Hls R E R 1, IR
i BEARRAR AR IR R, T3 3% 2 At

SR, ASHT FE B0 s ARt AT B X HL At AT S A AR R o B, R PR B M A R 2 R AR A
Transformer A7 (1) i3 & F WL AT BEAT Bl 52 v e A BR AR R RERPE o AROR B FU AT AR R 1A 7Y
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