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Abstract

To address the challenges of combustion state monitoring in gas-fired boilers under plateau low-
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pressure environments, this study proposes an intelligent flame image recognition method based
on a Convolutional vision Transformer (CvT) model. Experimental investigations were conducted
on a 1.4 MW gas-fired boiler testbed in Xining, Qinghai Province, where characteristic flame images
under typical operating conditions were collected and analyzed. Building upon extracted flame im-
age features, we developed a CvT-13 hybrid model that integrates the advantages of CNN-based local
feature extraction and Transformer-based global temporal modeling for flame state identification,
enabling synergistic analysis between model characteristics and image feature parameters. Exper-
imental results demonstrate that the CvT-13 model achieves multi-dimensional characterization of
flame states in low-pressure plateau environments, attaining 99.51% average accuracy in classify-
ing background, stable combustion, and unstable combustion states. Particularly notable perfor-
mance includes 99.67% recall rate for flameout-unstable states and 100% precision in background
recognition. This research provides a high-precision and robust solution for real-time diagnosis of
combustion stability in hypoxic plateau environments.
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Figure 1. Schematic diagram of the 1.4 MW gas-fired boiler
test platform in plateau environment
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Figure 2. Structure of the CvT-13 model architecture [15]
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£ %%t Windows 11 £ )l1AR 23H2, {3 F] Anaconda3 % 2 Python 335, 1K PyTorch 1.8.0 {E iR &2 2]
HEZESEIH CVT-13 MR I h. S HER BT, WG 25 0.001, 7E28 20 /> epoch Jli/> 2% 5]
R, HOREWILER 0.1, A AdamW (ERMRALES, HEIRK/INA 32 ANFEA, YIZRa &A% 30, AL
IR E N be—4.

283k BEG TRAL BRARAE IS XA BG BOE 45 3 A 7190 sk &G, Hrp i 56284 300 7k fi kA E kA
995 5K FRE S 5745 5K, MKAFREISA 150 K, K TSehR e i i SRR ARG TR, $%E 401
(1 L4 B B EE 4 N RS AR SR 2 5 HEAT IR AN, BRI B 4R R 4 e 1 fos .

DOI: 10.12677/mo0s.2025.144313 610 5 1 A


https://doi.org/10.12677/mos.2025.144313

Table 1. Training and testing datasets of gas flame images
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Figure 3. Ignition-Stable combustion-flameout process images
at 85% load
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Figure 4. Trends of image feature parameters during ignition-stable combustion-flameout process at 85% load
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Figure 5. Raw flame images and visualized Stage 1 output feature layers under different combustion states
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Figure 6. Figure 6 confusion matrix results of the CvT-13 model on the test set
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Table 2. Flame state recognition results of the CvT-13 model
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