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Particle Fertilizer Flow Microwave Signal Measurement Based on
Variational Mode Decomposition and Wavelet Analysis

YANG Liwei' ZHANG Yuchen' ZHAN Zekai® JIN Ziyang' PENG Yonglin' ZHU Yufei®
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Abstract; The accurate measurement of granular fertilizer mass flow rate presents a significant challenge
for achieving precision fertilization. Due to the complex dynamics of granular flows, traditional
measurement methods often struggle to handle the resulting signals, which are typically characterized by
significant noise and non-stationarity. To address this issue, a novel pre-processing algorithm for granular
fertilizer flow signals acquired by a microwave sensor was proposed. Initially, a model of the fertilizer
discharge pipeline was constructed and simulation experiments were conducted. These simulations
determined that under conditions of a 400 mm pipeline length and 30 mm diameter, the impact of particle
collisions within the pipeline on velocity was minimized. Based on these simulation results, a signal
acquisition platform for granular fertilizer mass flow was established. Through analysis of the acquired flow
signals, a hybrid denoising algorithm combining variational mode decomposition ( VMD) and discrete
wavelet transform ( DWT) was innovatively proposed. Experimental results demonstrated that after
processing with this algorithm, the signal-to-noise ratio of the signal was increased by 7. 375 7 dB, and
the root mean square error was decreased by 57% . The algorithm effectively separated the noise
component from the signal, thereby significantly improving the measurement accuracy of the granular
fertilizer mass flow rate. Finally, real-world vehicle tests were conducted. The processed flow signals
exhibited a maximum relative error of 13.84% and a minimum relative error of 1.36% . The results
confirmed that the experimental platform developed and the proposed denoising algorithm provided reliable
technical support for precision fertilization.
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Fig.8 Comparison of signal frequency domain before and after VMD — DWT algorithm
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Tab.4 Index data of signals before and after denoising
. IR
ZH ¥ifE
1 2 3 4 5 6
JFEARTE M HL/dB 14.902 7 15.4263 15.7879 16.4219 16.478 3 15.456 8 15.7457
FURHIIT R IR22/V 0.2125 0.4339 0.4163 0.386 6 0.3843 0.4327 0.3777
KM EME L/ dB 22.2884 22.5840 23.370 8 23.7855 23.7272 22.969 3 23.1209
KRG IR IR/ V 0.1969 0.1903 0.1739 0.1656 0.166 8 0.1822 0.1793
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Fig. 10  Calibration curve of fertilizer mass flow and

sensor output
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Tab.5 Experimental results verification before
denoising using VMD — DWT algorithm

Hihr HEALAD  feEdt WILTTRE AR R

A A T N Y
(km-h™'") (rmin™") fE/W (grmin~') (g-min~") %
20 12.49 3063.8 1378.4 122.26

25 10. 81 2556.3 1683.5 51.84

30 10. 41 2436.9 1942.9 25.43

2.0 35 10. 95 2599.6 2214.9 17.37
40 11.10 2644.7 2407.7 9. 84

45 11. 36 2722.0 2 685.4 1.36

50 12. 65 3112.6 2 890. 2 7.70

20 7.20 1465.0 1374.0 7. 64

25 7.79 1644.5 1676.6 2.58

30 8.83 1958.7 1958.1 0. 89

4.5 35 9. 84 2264.9 2221.3 2.95
40 11.34 2717.5 2457.3 10. 58

45 12. 02 2923.4 2705. 1 8.07

50 13. 04 3231.8 2923.9 10. 53

XFFANFHERALIEE AR 3422 50 r/min,
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Tab.6 Experimental results verification after denoising
using VMD — DWT algorithm
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