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Research on error propagation and precision compensation of
vehicle dynamic weighing system

Zhao Shuanfeng Wang Heng Bai Jiale Dong Jintao
(College of Mechanical Engineering, Xi'an University of Science and Technology,Xi'an 710054, China)

Abstract: The measurement accuracy of dynamic weighing systems is easily affected by the coupling of multiple
factors, leading to significant system errors. This paper addresses the issue that the individual responses of each quartz
wafer within traditional quartz sensors are easily masked by the overall signal, making it difficult to conduct in-depth
analysis of the error propagation mechanism within the sensor and thus challenging to effectively compensate for the
accuracy of dynamic weighing systems. A 16-channel independent synchronous acquisition system for quartz wafers
was designed and implemented, including quartz weighing sensors, charge amplifiers and synchronous acquisition
devices, enabling the 16 quartz wafers that were originally connected together to be separately collected and analyzed for
signals. Based on this experimental platform, a multi-source error decoupling and propagation model was proposed. By
reconstructing the signals through an adaptive weighted fusion algorithm and optimizing the BP neural network with the
ant colony optimization algorithm, the accuracy and robustness of the dynamic weighing system were significantly
improved. Experimental results show that compared with the traditional model, the average relative error was reduced
from 4.01% to 1.81%, and the maximum relative error was reduced from 10.26% to 2.22%. This provides new
theoretical and practical references for high-precision dynamic weighing technology.
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Fig. 1 Principle of dynamic weighing
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Table 2 Parameters of piezoelectric impact force hammer

SRR ZHUA B

i 2 30 kN

s 1 0.1 %

it 254 1 17 5 ] 50 Hz
[LEEIES =40 kHz

i S F A 350 g

2% vl Sk G 69. 2 g

W i Sk 124 I
R 2 pC/N

sk A% 30 mm
A 280 mm
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Fig. 6 Comparison of prediction values of different algorithm

weighing models
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weighing models
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Table 3 Evaluation indicators of dynamic weighing model

i A MAPE/ % RMSE iR ARHMRRE/ %

BP 4.01 0.045 316 10. 26
ACO-BP 1.81 0.023 428 2.22
GRU-BP 3.92 0. 041 235 9.91
WOA-BP 2.31 0.028 964 8. 24
SSA-BP 2.02 0.026 458 5.70

EKF 2.16 0.273 462 5. 72

M F 3 m g0, Sk R 9 ACO-BP #i A5 7 MAPE,
RMSE e KAHXR 2 3 WHg 45 L RME, REFE
PR S g 8 8, MAPE % BP B M 4.01% &AL E] T
1. 81 % . fx K AH X 1% 22 3¢ BP 5 B M\ 10. 26 %6 FEAR B T
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