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Measurement of Wheat Plants Water Content Based on
Near-infrared Photoelectric Sensors

ZHANG Yawei' WANG Shumao' CHEN Du'? WANG Yu' FU Han'
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Beijing Key Laboratory of Optimized Design for Modern Agricultural Equipment, Beijing 100083, China)

Abstract; Wheat plant water content is one of factors that affects the feeding rate, separation loss and
selection cleanliness of combine harvester. A rapid nondestructive detection method for wheat plant water
content measurement was proposed based on near-infrared photoelectric sensor. In this system, the near-
infrared detectors of different wavelength were designed and the system was built to sense the reflection
intensity of wheat plant by the method of median filter and reference real-time correction. Multiple sets of
samples were tested and analyzed, then multivariate linear regression, multivariate stepwise regression,
partial least squares, and least squares support vector machines were used to build the model
respectively. The results showed that the model based on least squares support vector machines performed
best, whose correlation coefficient of the correction set came up to 0. 974 2. Other sets of samples were
tested by the established mode, and found out that the correlation coefficient between the true and
predicted value of wheat plant water content was 0. 933 7 and standard deviation of predictive sets were
less than or equal to 3.00% . This paper provided a rapid and nondestructive detection method and
equipment for wheat plant water content, which was beneficial to improve the work performance of
combine harvester by real-timely adapting the operating parameters according to the wheat plant water
content.
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Fig. 1 Near-infrared detection system for wheat plants
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Fig.2 Structure diagram of probe module
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Fig.3 Moisture content data of wheat plants
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Fig.4 Moisture content distribution histogram
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Fig.5 Reflectivity and moisture content determinate coefficient of different bands

3 TRBES RN SR Ko T2 T 58 1) 22 AL RE St AT R G347 L 943 31

Tab.3 Comparison results of different modeling methods FAZ e M| IH . L o0 4 B3 AR &N 3% DL K &

ik BRIESR g /N3 S A ] S LR AT B K SRR T AR TR Ay, A R SR

— _n AR b SRR W R DL L A BORACR AR B

MSR 0.882 1 2.71 0.9155 3.14 IESRYUAE AR EOK R 0.974 2, H R 02 00 1. 60% , g

PLSR 0.8959 3.35 0. 865 8 3.88 RS R AN 0.933 7, B iR IR 2N 3.00% o K

LSSVM 0.9742 1. 60 0.9337 3.00 /INZZ REBR B 7K 3R TE 0 P A I A T — A R

YE:R? RMSEC R Fil RMSEP 4 9ok E v 7k b sy RS2 E BERS I RIS ORALIE AV B 1 ) /N A2
AR 2 IR UE AR DL R AR E AR AR 22 AE AR B 7K R R BB S B 75K

& % X W

BREE, £ P, e g, 45 TR CRIHLIR At 5 R ol B2 A R AR [ T] . Alk T RE %4 ,2011,27(9) :18 - 21.
CHEN Du, WANG Shumao, KANG Feng, et al. Mathematical model of feeding rate and processing loss for combine harvester[ J].
Transactions of the CSAE, 2011, 27(9) : 18 =21. (in Chinese)
ING . JSCRAI/N ZE A R BRI R R T R SR [ D ] K AR MROR A4 ,2015:1 - 12.
SUN Xuejiao. Research on physical property test and modeling method of mature wheat plants [ D]. Changchun: Jilin University,
2015: 1 -12. (in Chinese)
AR, B, TR, A AWK o B S FEZAG TN I i BE R HE SR [T RO LR E 4 ,2016,47 (7) 290 - 300.
ZHAO Yandong, GAO Chao, ZHANG Xin, et al. Review of real-time detecting methods of water stress for plants [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(7) : 290 —300. (in Chinese)
JRIE AR BF e AR N E M A B AR R 5 A KRB AT S [T ], PG R Ak 24 4R ,2015,28(5) 11957 - 1960.
ZHANG Bing,ZOU Yiqin, HAN Xia, et al. Study on wheat leaf physiological electrical properties measurement and its moisture
content prediction[ J]. Southwest China Journal of Agricultural Sciences, 2015, 28(5): 1957 - 1960. (in Chinese)
SCHONHOFEN A, ZHANG Xiaoqin, JORGE D. Combined mutations in five wheat STARCH BRANCHING ENZYME II genes
improve resistant starch but affect grain yield and bread-making quality [ J]. Journal of Cereal Science, 2017(75) : 165 - 174.
SINGH H, BANSOD B S, THAKUR R, et al. Calibration of capacitive cell for measuring moisture content in grains [ J].
International Journal of Pure and Applied Physics, 2017, 13(1) . 146 - 149.
TR TR BT M AERY , SF . PR S WA P K AR i R SR AL T] . O AR 2 4 ,2015,46(3) : 310 -314.
WU Yanyou, ZHANG Mingming, XING Deke, et al. Quick reflection of moisture condition for plant using leaf tensity [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(3) . 310 —314. (in Chinese)
G, AR A ) 9. HE T S G AR 4R 2 EK R BRI i (] ARk TAREAA 4R ,2010,26(5) : 195 -201.
LI Xiaoli, CHENG Shuxi, HE Yong. Nondestructive measurement of moisture content of green tea in primary processing based on
diffuse reflectance spectroscopy[ J]. Transactions of the CSAE, 2010, 26(5): 195 -201. (in Chinese)
SR, 8RR S ™. /N 22 B AR AL 2 S CUHE A e A AR T [T ] ARl TR %44 ,2010,26(10) : 99 - 103.
ZHOU Liming, ZHANG Xiaochao, YUAN Yanwei. Design of capacitance seed rate sensor of wheat planter [ J]. Transactions of
the CSAE, 2010, 26(10) ;: 99 —103. (in Chinese)

(TH % 261 1)



)

INER(EE 25 JETOUHE A S LA R Y o d A SR RS UK 8l ) 261

22

23

24

25

26

27

28

29

30

B WL T AR NIt A Sl CA T BLSC R AL (Y 38 i AL [ T ] . b 3 2% 4 ,2002,57(2) < 159 - 166.

LI Xia, YE Jia’ an. Neural-network-based cellular automata for realistic and idealized urban simulation[ J]. Acta Geographica
Sinica, 2002, 57(2): 159 - 166. (in Chinese)

PACIFICI F, CHINI M, EMERY W J. A neural network approach using multi-scale textural metrics from very high-resolution
panchromatic imagery for urban land-use classification[ J]. Remote Sensing of Environment, 2009, 113(6): 1276 - 1292.

B BRARAR VT JOE H S LS i 2 R AE 25 S Y st i AR LT ] W) B R AR R A AR B2 R, 2007,35(8) ¢
1128 - 1132.

ZHAO Jing, CHEN Huagen, XU Huiping. Simulation of land use evolution based on cellular automata and artificial neural
network [ J]. Joural of TongJi University; Natural Science, 2007, 35(8): 1128 = 1132. (in Chinese)

QIANG Y, LAM N S N. Modeling land use and land cover changes in a vulnerable coastal region using artificial neural networks
and cellular automata[ J]. Environmental Monitoring & Assessment, 2015, 187(3) . 1 - 16.

B M MR R G U B S AL S Z R REIRI M ] Jb AT B4 AL ,2007.

EGE, B4 X, B0 P X A R4S RS 383 1 40 A (I ] 224 ,2011,36(1) :105 - 108.

REN Zhiyuan, LI Dongyu, YANG Yong. Simulation and driving force analysis of land use pattern in Guanzhong region, Shaanxi
province[ J]. Science of Surveying & Mapping, 2011, 36(1): 105 —108. (in Chinese)

Hh 2R A UR, R 4 . AL BT b 3t ) 2 ) A% R T A AR DL B T [T ] st BB 24 0 i ,2015,34(8) 1976 - 986.

HAN Huiran, YANG Chengfeng, SONG Jinping. Simulation and projection of land-use change in Beijing under different scenarios
[J]. Progress in Geography, 2015, 34(8): 976 —986. (in Chinese)

WL, 2R AR, SF . UM LRI 2 B 9 38T A R 2 R B AL [ T] . S B S b AE B R 2 ,2015,31(2) ¢
60 - 64.

XIE Zhongkai, LI Feixue, LI Manchun, et al. Multi-agent-based simulation model of urban spatial expansion under government
planning[ J]. Geography and Geo-Information Science, 2015, 31(2) : 60 — 64. (in Chinese)

SRA LG, TR, 4 B TR R 2 A A A i b R R SR LT ] ol TR 44 ,2015,31(5) 2308 -316.
ZHANG Li, ZHOU Yapeng, MEN Mingxin, et al. Land use scenario simulation with different types of ecological security[]J].
Transactions of the CSAE, 2015, 31(5) : 308 =316. (in Chinese)

(L#EE 122 ]T)

10

11

12

13

14
15

17
18

20

PV, TR B OR B SOR. 2081 338 3 B8R TR AR 7™ /B A i BT 2 TC AR DU ity i R OF R R D] D i 2 5ot oy
#r,2008,29(1) :122 - 126.

SUN Tong,XU Huirong, YING Yibin. Progress in application of near infrared spectroscopy to nondestructive on-line detection of
products/food quality[ J]. Spectroscopy and Spectral Analysis, 2008, 29(1): 122 —126. (in Chinese)

BTN VLEAIE 4248 48, MWK o & R 25k [T]. T E AR SR ,2015,31(9) : 168 - 177.

LU Yuanzhou, JTANG Zhaohui, LI Xiang, et al. The review of plant moisture content detection [ J]. Chinese Agricultural
Science Bulletin, 2015, 31(9) :168 —177. (in Chinese)

TRk, R0 MG AT, 55, AAEYE 206G BRI EAR B 7 iR [T]. D62 506154347 ,2015, 35(7) : 1949 - 1955.
FANG Xiaorong, GAO Junfeng, XIE Chuanqi, et al. Review of crop canopy spectral information detection technology and
methods [ J]. Spectroscopy and Spectral Analysis, 2015, 35(7): 1949 —1955. (in Chinese)

THOMAS J R,NAMKEN L N,OERTHER G F,et al. Estimating leaf water content by reflectance measurement[ J]. Agronomy
Journal , 1971 ,63 .845 - 847.

CURRAN P J. Remote sending of foliar chemistry[ J]. Remote Sensing of Environment,1989,30(3) :271 - 278.

B, EAEE, DRIEMG,SE. T £ A0 % I I et O [R) b 2 b 9 S K Rl RS [T ). RO BL B %4 4, 2014,45(3) ¢
148 - 151.

YIN Zhe, LEI Tingwu, CHEN Zhanpeng, et al. Adaptability of near infrared sensor for moisture measurement of different soils
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(3) : 148 —151. (in Chinese)

B KR R BP AT L 48 DG HOR ARG A R M iy o B R R R [T ). %% 4% ,2015,5(2) :100 - 104.

ZENG Shuisheng, LI Yanda, SHU Shifu, et al. Application of spectrum technique in monitoring rice growth [ J]. Journal of
Agriculture, 2015, 5(2) :100 - 104. (in Chinese)

FEBRA, EMS & AIL, 5. DG R B2 W /N2 K S RO AT A7 M43 BT [ T] . B3 4R ,2000,45 (24 ) ;2645 - 2650.
M, ER . BB R EOK g BT SRR LT]. P EAR I R ,2015,31(3) 167 - 172.

LIN Yi, LI Qian, WANG Hongbo, et al. Research summary of vegetation water content inversion with hyperspectral technology
[J]. Chinese Agricultural Science Bulletin, 2015, 31(3) ;167 —172. (in Chinese)

Eate R, BRI YE % DG R RS RN M R K R OCE BT S LT ] E AR A4 ,2001,34 (1) <104 - 107.
WANG Jihua,ZHAO Chunjiang, GUO Xiaowei, et al. Study on the water status of the wheat leaves diagnosed by the spectral
reflectance[ J]. Scientia Agricultura Sinica, 2001, 34 (1) 104 - 107. (in Chinese)

BEME, BN, A IE S, 55 B R S K = OGRS AT S ()] b E AR 2E 4 ,2013,29(34) : 158 - 161.

LI Yupeng, LING Zhigang, GOU Zhenggui, et al. Study on spectral monitoring model of tobacco water content [ J]. Chinese
Agricultural Science Bulletin, 2013, 29(34) . 158 - 161. (in Chinese)



