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Infrared Image-based ISSA-BP Neural Network for
Airborne Circuit Board Chip Fault Diagnosis
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Abstract: This study proposes an improved sparrow search algorithm based on an infrared temperature-data-
optimized back propagation neural network (ISSA-BPNN) for an airborne circuit board chip fault diagnosis
method that cannot diagnose dynamic failures. First, an infrared thermal imaging camera collected circuit
board chip temperature data to establish a feature model of static, dynamic, and statistical characteristics of
the circuit board chip warming process. We used sine chaos mapping to initialize the sparrow population
distribution, the levy flight improvement finder sparrow location update, and an improved sparrow search
algorithm to optimize the weight parameters of the BP neural network. Finally, the temperature feature model
was input to the ISSA-BP neural network for training and testing to complete the circuit board chip fault
diagnosis. The experiments used an avionics system power supply circuit board for reliability analysis, and the
results revealed that the method achieved a comprehensive fault diagnosis rate of 97.84% under different
circuit board operating conditions.
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Fig.7 Thermal image of airborne circuit board power module
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Table 2 Low power empty load fault diagnosis rate comparison

Fig.13  High power 330kQ two algorithm diagnosis results
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Table 5 High-power empty load fault diagnosis rate comparison

Accuracy/% F1 F2~F9 F10~F18 F19~F27 Accuracy/% F1 F2~F9 F10~F18 F19~F27
BP 100 84.38 88.89 86.11 BP 100 68.75 58.33 61.11
SSA-BP 100 90.63 91.67 88.89 SSA-BP 100 81.25 69.44 83.33
ISSA-BP 100 96.88 97.22 97.22 ISSA-BP 100 96.88 97.22 97.22
£ 3 ARIIE 1020 QIEFES WIS L £ 6 EIIE 1020 QML KR
Table 3 Low power 1020 Q fault diagnosis rate comparison Table 6 High-power 1020 Q fault diagnosis rate comparison
Accuracy/% Fl1 F2~F9 F10~F18 F19~F27 Accuracy/% F1 F2~F9 F10~F18 F19~F27
BP 75 90.63 77.78 83.33 BP 50 65.63 69.44 83.33
SSA-BP 100 94.44 83.33 91.67 SSA-BP 75 83.33 80.56 88.89
ISSA-BP 100 100 97.22 100 ISSA-BP 100 96.88 97.22 97.22
F4 LI 330 kKOS KRS L £ ETIE 330 QIS KRR
Table 4 Low-power 330 kQ fault diagnosis rate comparison Table 7 High-power 330 k< fault diagnosis rate comparison
Accuracy/% F1 F2~F9 F10~F18 F19~F27 Accuracy/% F1 F2~F9 F10~F18 F19~F27
BP 75 93.75 83.33 86.11 BP 75 87.5 80.56 91.67
SSA-BP 100 96.88 88.89 88.89 SSA-BP 100 90.63 86.11 94.44
ISSA-BP 100 100 94.44 100 ISSA-BP 100 96.88 97.22 100
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Table 8 Diagnosis rate of three faults separately under multiple

working conditions

Accuracy  Open Virtual soldering Short

1% (F2~F9)  (F10~F18) (F19~F27)
BP 81.77 76.39 81.94
SSA-BP  88.54 83.33 89.35
ISSA-BP  97.92 96.76 98.61
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Table 9 Comparison of fault diagnosis rate under multiple
working conditions
Mode Results Combined accuracy
BP 514/648 79.32%
SSA-BP 566/648 87.35%
ISSA-BP 634/648 97.84%
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