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Fig.1 Diagram of near-infrared spectral combine-harvester grain
protein detection system
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Fig.2 Hardware design of near-infrared spectral grain protein online detection system
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Fig.3 General framework of near-infrared spectral grain protein
detection system for combine-harvester
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Fig.4 Model building process for grain protein content prediction
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Table 1 Comparison table for measured and predicted value of grain protein content %
R /N Wheat R 7K F# Rice
¥ i WEMER yinse i | Reeno | B WML xR AR
Wheat No.  pregicted value Chemical Absolute error Relative error Predicted value Chemical Absolute Relative

measured value measured value error error
WTO1 1148 11.40 0.08 0.70 PTO1 11.30 10.30 1.00 9.71
WTO02 11.63 11.42 0.21 1.84 PT02 8.21 7.87 0.34 432
WTO03 12.27 13.23 -0.96 -7.26 PTO3 9.42 9.06 0.36 3.97
WTO04 11.78 12.34 -0.56 -4.54 PT04 9.56 9.97 -0.41 4.11
WTO05 12.11 12.33 -0.22 -1.78 PTO5 7.21 6.94 0.27 3.89
WTO06 10.39 10.51 -0.12 -1.14 PTO06 10.89 10.30 0.59 5.73
WTO07 11.30 10.48 0.82 7.82 PTO7 9.26 8.80 0.46 5.23
WTO08 10.67 11.51 -0.84 -7.30 PTO8 6.48 7.08 -0.60 -8.47
WTO09 11.02 1143 -0.41 -3.59 PTO09 6.87 7.04 -0.17 241
WT10 12.53 11.52 1.01 8.77 PT10 9.21 8.80 0.41 4.66
WTI11 14.02 12.80 1.22 9.53 PT11 7.85 7.35 0.50 6.80
WT12 12.26 11.39 0.87 7.64 PTI12 8.68 8.14 0.54 6.63
WTI13 12.01 11.62 0.39 3.36 PT13 9.34 8.66 0.68 7.85
WT14 12.53 12.78 -0.25 -1.96 PT14 8.02 8.34 -0.32 -3.84
WTI15 12.03 12.75 -0.72 -5.65 PTI15 8.89 8.19 0.70 8.55
WTI16 11.89 11.54 0.35 3.03 PT16 6.57 6.07 0.50 8.24
WT17 12.34 11.81 0.53 4.49 PT17 7.31 7.46 -0.15 -2.01
WTI18 12.33 12.10 0.23 1.90 PT18 8.21 7.88 0.33 4.19
WT19 1243 12.06 0.37 3.07 PT19 7.21 6.69 0.52 7.77
WT20 11.33 12.14 -0.81 -6.67 PT20 8.83 8.14 0.69 8.48

RMSEP 0.638 RMSEP 0.516
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Table 2 Field test data table of grain protein content %
i 6 /N Wheat 7K F Rice
Time intervals BT BT fixtinz R B MR fixtin
Variety Predicted value Measured value  Absolute error Variety Predicted value Measured value Absolute error

5 11.01 -0.79 9.63 -0.34
8 ZM-168 11.15 11.80 -0.65 ZD-178 9.31 9.97 -0.66
11 11.03 -0.77 9.17 -0.80
5 9.71 -0.69 8.01 0.14
8 SL-128 11.01 10.40 0.61 NG-53013 7.24 7.87 -0.63
11 9.65 -0.75 8.07 0.20
5 11.23 -0.28 8.45 -0.35
8 IM-22 11.23 11.51 -0.28 SFG-3078 8.31 8.80 -0.49
11 11.22 -0.29 8.37 -0.43

®3 AMEARBEIRBEAESR

Table 3 Variance analysis table of grain protein field test
/N Wheat 7K Fé Rice

oy A I % FIE popsp VUM HEE BE FH g
Quadratic sum Freedom Mean square F value Quadratic sum Freedom Mean square F value
iJ [8] /&)k% Time interval 16.188 2 8.094 0.954 0.458 0.311 2 0.156 1111 0413
fFh Variety 37.972 2 18.986 2.238 0.223 3.375 2 1.687 12.049  0.020*
%% Error 33.937 4 - - - 0.560 4
41t Cor total 88.098 8 4246 8

R P<0.05 (B .
Note: * shows significant difference (P<0.05).
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Design of near-infrared spectral grain protein detection system for
combine-harvesters

Zhang Min, Wu Chongyou™, Chen Xu, Zhu Daojing, Jin Mei, Wang Gang
(Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: An in-line detection system of grain protein content was developed in this study, in order to realize the real-time
identification and record the sampling geographical location information in a novel harvester combined with near-infrared
spectroscopy during grain harvesting. The detection system was mainly composed of a near-infrared spectral sensor module,
spiral sampling and conveying mechanism, control module, GPS/Beidou positioning module, and industrial display integrator.
The specific working procedure was followed for the in-line detection system in a near-infrared spectroscopy on combine
harvester. The grain first discharged from the outlet of a combine-harvester through the spiral sampling and conveying
mechanism. A PID controller was used to adjust the stepper motor of sampling mechanism, according to the requirements of
detection rate, thereby to realize the intermittent grain transmission. A near-infrared spectral sensor was also adjusted to
capture the spectrum, when the stepper motor stopped turning. A RS485 bus was used for data transmission to host computer,
where the obtained data included the grain near-infrared spectrum, and the positioning signal of GPS/Beidou positioning
module. A data processing software was developed to control the near-infrared sensor and sampling mechanism. After data
post-processing in the grain protein prediction model, the information of grain protein and sampling location was in situ
displayed, and storage for later use. An indoor calibration, and a field dynamic test were carried out to verify the performance
of prediction model for grain protein content and online detection system. In the prediction model of wheat protein content, the
decision coefficient was 0.865, the absolute error range was —0.96% to 1.22%, the relative error range was —7.30% to 9.53%,
and the Root Mean Square Error of Prediction (RMSEP) was 0.638%. In the prediction model of rice protein content, the
decision coefficient was 0.853, the absolute error range was —0.60% to 1.00%, the relative error range was —8.47% to 9.71%,
and the RMSEP was 0.516%. In the dynamic field test, the maximum relative error of wheat protein content was —6.69%,
whereas, the maximum error of rice protein content was —8.02%. It infers that the sampling and analysis interval have no
significantly influence on the detection system, where the system stability and detection accuracy meet the need of grain
protein online detection in the field. The finding can provide a scientific basis for precision agricultural operation.

Keywords: grains; near-infrared spectrum; protein; combine-harvester; undamage online detection system



