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Particle Fertilizer Mass Flow Measurement Based on Microwave Method

YANG Liwei' ZHAO Lihao° ZHANG Junning’ LU Shusheng® HOU Chong’ LIU Gang'
(1. Key Laboratory of Modern Precision Agriculture System Integration, Ministry of Education ,
China Agricultural University, Beijing 100083, China
2. School of Mechatronics Engineering, Beijing Information Science and Technology University, Beijing 100192, China
3. Industry Technology Service Center, Chinese Academy of Agricultural Mechanization Sciences

Group Co. , Lid. , Beijing 100083, China)

Abstract; The dynamic high-precision measurement of fertilizer application rate is a prerequisite for
implementing variable fertilization. Although there are various methods for measuring fertilizer quality and
flow in the field, there are still some problems such as inaccurate measurement and inability to adapt to
the working environment when applying to the field. A microwave-based particle fertilizer mass flow
measurement system was developed. A flow mass measurement model and method were proposed, and the
agricultural granular fertilizer Stanley 15 — 15 — 15 and Sacokufu 15 — 15 — 15 were used as the
experimental object. The microwave sensor distance and fertilizer discharge rate were controlled, and the
data was smoothed by using a Kalman filter. The experiment achieved good results. The analysis of
experimental data showed that the dominant frequency of the particle fertilizer echo signal was only related
to the distance between the electric fertilizer discharge device and the sensor, while the power spectral
density was only related to the number of fertilizer particles. By using the least squares method, the
was established. The

determination coefficient R” of the response relationship between the two types of compound fertilizers was

response relationship between the two compound fertilizers, @, and S,

not less than 0.985 8, and the response relationships were validated. The measurement range for

Sacokufu 15 —15 —15 was 1 119. 8 ~2 065. 9 g¢/min, with a maximum measurement error of 6. 35% . The

measurement range for Stanley 15 —15 —15 was 1 071.9 ~1 877.9 g/min, with a maximum measurement

error of 4. 85% . Its measurement performance fulfilled the operational needs of the task.

Key words: particle fertilizer; mass flow measurement; microwave method; variable fertilization;
Kalman filter
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Tab.2 Average P, measurement result of
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Tab.3 Raw measurement data for calibration experiment

of Sacokufu 15 -15-15

W,/ S/ P/ S’ Q,/
(remin~") Hz (W-Hz ") w (g-min")
20 87.31 4.61 4.02 1 200.73
25 89.30 5.10 4.55 1428.83
30 90. 13 5.36 4.83 1612.45
35 90.71 5.50 4.99 1753.28
40 91.13 5.91 5.39 1 887. 80
45 91.49 6.11 5.59 2015. 80
50 92.29 6.22 5.74 2 083. 10

x4 ERAMIS-15-15 REXHHRHANSHIE
Tab.4 Raw measurement data for calibration experiment

of Stanley 15 -15-15

wf:v/ I P/ S,/ Q./
(remin~") Hz (W-Hz™ ") w (grmin~")
20 89. 34 3.25 2.90 1085. 10
25 89.72 3.54 3.18 1276.25
30 90. 32 3.93 3.55 1443.13
35 90. 89 4.35 3.96 1590.95
40 90. 71 4. 64 4.21 1705.03
45 90. 30 5.02 4.54 1786.30
50 90. 63 5.17 4.68 1861.28
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_oo00f  @=41538,-673
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Fig.4 Stanley and Sacokufu 15 —15-15 S, ,— Q, model
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Tab.5 Relative error between actual and calculated

values of two types of granular fertilizer %
3/ (romin ")
it =
25 30 35 40 45 50

Wl s 6.35  2.85 2.22 1.19 0.96 0.89 1.25
PR 2.34 1.75 2.54 1.49 4.85 2.67 0.95
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