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Design and Experiment of Portable Soil Organic Matter Detector
Based on Spectroscopy Principle

CUI Yulu YANG Wei WANG Weichao WANG Dong MENG Chao LI Minzan

(Key Laboratory of Modern Precision Agriculture System Integration Research, Ministry of Education
China Agricultural University, Beijing 100083, China)

Abstract. In order to obtain the information of soil organic matter content quickly and non-destructively,
a portable instrument for measuring soil organic matter content was designed based on spectroscopy
principle. The detector was mainly composed of mechanical part, optical path system and control part, in
which the mechanical part provided platform support for the detector, while the optical path part consisted
of light source, sapphire glass, filter and photoelectric detector, and the control system realized the
collection and processing of soil measurement signals. When the portable soil organic matter detector
worked, the light emitted by the light source irradiated the surface of the soil to be detected, the diffuse
reflection light was filtered by the optical filter, and then converted into an electrical signal by the
photoelectric converter, and then the reflectivity at each sensitive wavelength was calculated by the signal
processing unit, and the content of soil organic matter was detected by measuring the spectral reflectivity.
The spectral data of soil and the measured values of soil organic matter content in Beijing Shangzhuang
Experimental Station were collected. After preprocessing the spectral data, the processing results of four
wavelength screening algorithms, CARS, MCUVE, MWPLS and Random Frog Leaping, were compared,
and the partial least squares and random forest prediction models of soil organic matter content were
established. The results showed that the random forest model based on four characteristic wavelengths
selected by CARS algorithm had the best prediction accuracy, with the modeling set R* being 0. 923 and
the prediction set R” being 0. 888. The CARS — RF model was embedded into the organic matter detector
system. The experimental results showed that the correlation coefficient between the measured value and
the standard value of the detector reached 0. 891. The developed detector had high precision and can
quickly detect the content of soil organic matter.
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Fig.2  Overall scheme of portable soil organic matter detector
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Fig.4 Block diagram of control circuit system
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Tab.1 Sample soil organic matter statistics
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oL s 20 22.239 18.792 20. 864 1.022
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Tab.2 Correlation between pretreatment spectrum

and organic matter content
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Tab.3 PLS modeling accuracy of different

characteristic wavelength screening methods

MRS i £

A5t
6 6 7 RMSE/ RMSEP/

g 2

(g-kg™") (g-kg™)

WPl 4 0.712 0.58 0.578 0.53
CARS 4 0. 672 0. 61 0.611 0. 64
MWPLS 4 0.615 0.65 0.335 0.85
MCUVE 4 0.514 0.77 0.276 0.71
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TIFERERORS BE . N 4 W LU I, 4 Fh A & 0 28 5
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Tab.4 Accuracy of random forest modeling with

different characteristic wavelength screening methods
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B R? B B

(gkg™ ) (g kg )

it #IL ez Bk 4 0. 946 0.0383 0. 869 0.058
CARS 4 0.923 0. 0369 0. 888 0. 062
MWPLS 4 0. 950 0. 0385 0. 839 0. 063
MCUVE 4 0.933 0.0411 0.775 0.071
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