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Design of quinoa moisture rapid detector based on capacitance method
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Abstract; The effects of temperature (5~40 °C), water content
(10.14 % ~29.55%) and frequency (1~100 kHz) on quinoa ca-
pacitance were studied by LCR meter. Based on the multiple re-
gression analysis method, and the optimal excitation frequency
(21 kHz) and water content detection model for quinoa water
content detection were determined. The minimum system board
of MSP430F149 microcontroller, TFT touch-screen. AD5933
impedance measurement chip, self-made concentric circle capaci-
tance sensor and DS18B20 digital temperature sensor were
selected to complete the design of the quinoa moisture rapid de-
tector. The accuracy test of the detector showed that the average
relative error of quinoa water content test results was 4.17%,
and the measurement time was less than 2 s. The performance of
capacitive quinoa moisture rapid detector based on AD5933 is sat-
isfactory.
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Figure 1  Structure of concentric capacitance sensor
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Figure 2 Effect of moisture content at 21 kHz on the ca-

pacitance of quinoa at different temperature
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Figure 3

Effect of frequency on capacitance of quinoa

with different moisture content at 25 C
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Figure 4 Effect of temperature on the capacitance of qui-

noa with different moisture content at 21 kHz
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Table 1 Model summary

Wi/ AHR R AL T S5 e o HE AR B i/ R R HL TR S5 U E o A B 11
kHz R* ABRE %% SEE kHz R? A R: %22 SEE

1 0.986 0.970 1.077 08 51 0.996 0.991 0.573 04

5 0.994 0.988 0.673 48 55 0.996 0.991 0.588 30

7 0.995 0.990 0.634 34 57 0.996 0.991 0.576 56

9 0.990 0.979 0.890 52 59 0.996 0.991 0.577 66
11 0.990 0.978 0.911 09 61 0.996 0.991 0.578 61
13 0.988 0.974 0.994 86 63 0.996 0.991 0.579 20
15 0.987 0.972 1.032 78 65 0.996 0.991 0.579 56
17 0.986 0.971 1.050 12 67 0.996 0.991 0.579 33
19 0.996 0.992 0.537 52 69 0.996 0.991 0.578 19
21 0.997 0.993 0.530 35 71 0.996 0.991 0.578 19
23 0.997 0.993 0.532 19 73 0.996 0.991 0.573 67
25 0.996 0.993 0.532 83 75 0.996 0.991 0.582 18
27 0.996 0.992 0.538 86 77 0.996 0.991 0.582 07
29 0.996 0.992 0.541 27 79 0.996 0.991 0.582 21
31 0.996 0.992 0.545 38 81 0.996 0.991 0.582 32
33 0.996 0.992 0.548 94 83 0.996 0.991 0.582 27
35 0.996 0.992 0.552 22 85 0.996 0.991 0.582 13
37 0.996 0.992 0.555 62 87 0.996 0.991 0.581 98
39 0.996 0.992 0.559 47 89 0.996 0.991 0.581 81
41 0.985 0.968 1.113 59 91 0.996 0.991 0.581 82
43 0.985 0.968 1.109 72 93 0.996 0.991 0.581 62
45 0.985 0.968 1.106 55 95 0.996 0.991 0.581 26
47 0.996 0.992 0.570 05 97 0.996 0.991 0.580 88
49 0.996 0.991 0.572 09 99 0.996 0.991 0.580 48
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Figure 6 AD5933 function block diagram
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Figure 7 Overall flow chart of program
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Table 2 Error table of standard and test values

PRUEML/ A DNE/ WEE/  HEXFERE/ MXER2E/
% % C % %
11.96 11.92 11.5 —0.04 —0.33
13.93 14.81 9.5 0.88 6.32
15.88 16.83 7.6 0.95 5.98
18.02 17.20 7.3 —0.82 —4.55
20.02 18.52 7.0 —1.50 —7.49
21.48 20.07 7.3 —1.41 —6.56
23.36 22.59 7.4 —0.77 —3.30
24.34 23.26 6.8 —1.08 —4.44
25.43 23.43 6.9 —2.00 —7.86
29.21 30.71 5.5 1.50 5.14
11.96 12.75 23.9 0.79 6.61
13.93 15.13 23.8 1.20 8.61
15.88 16.04 23.8 0.16 1.01
18.02 17.51 23.9 —0.51 —2.83
20.02 19.99 23.8 —0.03 —0.15
21.48 21.46 24.1 —0.02 —0.09
23.36 23.37 23.8 0.01 0.04
24.34 26.49 23.8 2.15 8.83
25.43 27.12 23.8 1.69 6.65
29.21 29.13 23.8 —0.08 —0.27
11.96 13.00 34.8 1.04 8.70
13.93 14.63 36.9 0.70 5.03
15.88 16.04 36.1 0.16 1.01
18.02 17.77 37.3 —0.25 —1.39
20.02 19.79 37.9 —0.23 —1.15
21.48 21.15 38.3 —0.33 —1.54
23.36 23.31 37.4 —0.05 —0.21
24.34 25.18 36.5 0.84 3.45
25.43 25.18 38.3 —0.25 —0.98
29.21 33.47 34.1 4.26 14.58
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