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Platform for Rapid Detection of Crop Moisture Content Based on
NIR Spectroscopy and GBDT

YANG Ning' FANG Xiao' CHENG Wei' ZHANG Zhaoyuan' WANG Yafei’ CHEN Si’ MAO Hanping’

(1. School of Elecirical and Information Engineering, Jiangsu University, Zhenjiang 212013, China
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Abstract; Water content detection is essential for preventing mold growth and ensuring the proper storage
and transportation of crops. However, existing portable detection methods often suffer from low accuracy
and efficiency. To meet the demand for rapid crop water content measurement, a fast detection platform
was proposed based on near-infrared ( NIR) spectroscopy and a gradient boosting decision tree ( GBDT)
model. An off-axis Czerny — Turner ( CT) optical structure was optimized by using Zemax, and a ZYNQ
chip was employed to implement embedded decoding algorithms for a linear array CCD, with the system
connected to a mobile phone. Savitzky — Golay (SG) smoothing and a piecewise direct standardization
(PDS) data transfer algorithm were implemented on the mobile device. After spectral acquisition, the
GBDT model running on the mobile phone was used to predict crop water content. Zemax simulations
demonstrated that the off-axis optical design outperformed traditional spherical designs in terms of volume
reduction and aberration control, maintaining a spectral resolution of 2 nm at the 950 nm edge of the
image plane. SG smoothing improved the signal-to-noise ratio (SNR) from 18. 11 dB to 35. 10 dB. The
GBDT-based prediction model achieved a coefficient of determination (R*) of 0. 877 7 and a root mean
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square error of prediction ( RMSEP) of 0.135 4% on the validation set. On the test set, the model

attained an R* of 0. 861 7 and an RMSEP of 0. 121 4% ,

with prediction absolute errors within 0.4% ,

meeting the requirements for rapid and efficient crop water content detection.

Key words: moisture content; rapid detection; near-infrared spectroscopy; Czerny — Turner structure;

gradient boosting decision trees
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F Al bRl e 89 NIR f2 88 R Z % %
2L B2 AR BRI 2 22 BOGAN AT 2 — 20 i /MR R
B py 32 2= 15 5 T Sy B T P00 45 b 48 1 45 4, G
VA DRI T A I 2 RE T 1R 1 2R 45, EDWL R B 0 73
BRI, CT S5 49 12 I8 A% 1 20 22 5] 45 44 12 J 2 1k
REXS LL N 3 fir o, AT LA & B0 CT S5 ¥ 78 73 #F % |
FLAT A A3

®3 CTHEMMTZR LR EERFIERITLL

Tab.3 Performance comparison between CT structure

and Rowland circle structure spectrum sensor
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Fig. 13 Prediction results of three GBDT models on test set
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Tab.4 Evaluation indicators for prediction results of

three GBDT models

1 R R2 RPD,  RMSEP,/% MRE./%
V2% 0.8278  2.4510 0.1355 0. 90
i %o} 2 0.8218  2.4097 0.1378 0.95
Huber 0.8617  2.7346 0.1214 0.78

TE KM K R #E ST Y PLSR BEAS R* 1 RMSEP 43 5]
$70.8505 F10.104 1% . LI 2" 75 0] e & K %
UL LLAM I B (450 ~2 400 nm ) XiF 23 B¢ (14 ff 4% Ak R B
et g Bl Sy AR oK R H K 4E R
RMSE 435 0. 821 1 1.877% , ik #%s " 43 i
FAEHE AT LT A1 (901 ~ 1 650 nm ) F1 7] UL 56 (400 ~
900 nm ) SR I 7K AR B K o 204 R
P45 4 SPA ) PLSR 4 &, R* il RMSEP 43 i
0.8103 F10.412% , o] WLy Gi% R H 45 & CARS 1y
PCR #i#)  R* 1 RMSEP 43514 0. 802 1 H10. 388% .
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Tab.5 Characteristics of rapid detection methods for

water content of three crops

A 7 92 Y xR IE/ % BEASK I B /min - FEAIR A
ik kT 92 0.1 40.0 A #H
FE A PR AR 1.2 0.5 T
NIR S 0.4 0.5 T

4 g

-~

(1) 38 3L Zemax XA 500624 450 i 41 503 A0
Ak, 25 CT St2Egi s, HAam i B Ay 950 ~ 1700 nm,
FEASRLINE ] A G2 o3 BE R S PR 462 nm,, 3% NIR
1% RS U B R SR AR Y Sy B, R AR AE
F RS il ik USB 5 FHLi%E 30t NIR A&kl
ALV FR 50 Bl [) R 200 4

(2) B2 T NIR 1885 R AE I 1 EE 11 Ak 2 3
e, 250 SG =M SNR M 18. 11 dB #2F+ % 35.10 dB,
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HEHCHE T i 10 2H R AR VR Sy 36 0F 4 38 5 56 UE 4R 2K
35 77 40 24 451 2% 06 80k Huber B 35000 2k 5 8% 47, RY
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30 41 K E 1 Sy I 4R X AR AR HE A7 05, vT A
381 2% oK KN Huber BF 397 0 4% R #5: 4, RT RPD.,
RMSEP,. MRE, 4+ % % 0.861 7. 2.734 6.
0.1214% .0.78% .
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