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Research on a Miniature Chamber Pressure Measurement System
Based on Deep Learning Reconstruction
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Abstract: To address the difficulty of further reducing the size of conventional drop-in electronic chamber
pressure testers, the high energy consumption during prolonged low-temperature standby, and the loss of

the rising edge of chamber pressure signals caused by optical triggering, a miniaturized chamber pressure
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testing method based on deep learning was proposed. The optical signal generated by propellant combus-
tion was used as the trigger source, replacing the conventional negative-delay cyclic acquisition mode with
transient triggered acquisition. A miniaturized supercapacitor was employed to reduce standby power con-
sumption and power-supply volume. Meanwhile, to compensate for the loss of the baseline and part of
the rising edge caused by the approximately 4. 75 ms delay between optical triggering and stable data acqui-
sition, a generative adversarial reconstruction network integrating a convolutional neural network, edge
attention, a Transformer, and meta-learning was developed to reconstruct incomplete chamber pressure
signals. The developed prototype has a volume of 17. 87 cm?®, representing an 18. 7% reduction compared
with the existing 22 c¢cm® tester. Experiments conducted using a simulated chamber pressure generator
show that the Pearson correlation coefficients between the reconstructed and complete signals are all above
0.99, with peak-pressure deviations below 1% and pressure-rise-time deviations below 5%. The pro-
posed method provides a technical reference for the miniaturization of chamber pressure testers for small-
and medium-caliber barrel weapons.

Key words: chamber pressure test; micro-volume; optical trigger; deep learning; signal reconstruction
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