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Chlorophyll Content Detection and Distribution Research of
Maize Canopy Based on UAV Image

QIAO Lang' ZHANG Zhiyong® CHEN Longsheng” SUN Hong' LI Li' LI Minzan'
(1. Key Laboratory of Modern Precision Agriculture System Integration Research, Ministry of Education ,
China Agricultural University, Beijing 100083, China
2. Key Laboratory of Agricultural Information Acquisition Technology, Ministry of Agriculture and Rural Affairs,
China Agricultural University, Beijing 100083, China)

Abstract: Chlorophyll is an important indicator for the evaluation of plant photosynthesis ability and
growth status. In order to obtain the spatial distribution of chlorophyll content in field crops quickly and
non-destructively, the chlorophyll content detection and distribution map drawing method of maize canopy
were carried out based on UAV remote sensing technology. Firstly, the aerial images of 150 maize plots
were collected by UAV mounted camera and spliced by Pix4dmapper software. Totally 80 maize leaves
were sampled in the experimental field. They were processed following chemical extraction and
spectrophotometer measurement to obtain the chlorophyll content value. The images and chlorophyll data
were used to form the underlying data source. In the aspects of data processing, the position and
orientation system ( POS) data of the sample points were matched with the images of the UAV using
ArcGIS software. For the RGB images captured by the drone, the three-channel component values of R,
G and B were firstly extracted. The color feature parameters were calculated such as green-red difference,
normalized red-green difference, super green, and so on. In addition, six kinds of texture features were
calculated, including mean, standard deviation, smoothness and third-order moment. The error back
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propagation neural network was used to build chlorophyll detection model for maize canopy leaves. The

experimental results were as follows : the root mean square error (RMSE) of the maize canopy chlorophyll

content detecting model based on BP neural network was 4.465 9 mg/L, and the coefficient of

determination R*> was 0.724 6. The chlorophyll content of each pixel in the field canopy image was

calculated. The visual distribution map of chlorophyll content in field maize canopy was drawn based on

pseudo-color technique. The chlorophyll content distribution map of field maize canopy could be used to

visually distinguish the field road and canopy area, showing the difference in chlorophyll distribution of

the plot. By non-destructively detecting the chlorophyll content and chlorophyll distribution of canopy

corn canopy, it could provide a support for field crop growth evaluation and precision management.

Key words: maize canopy; chlorophyll; UAV remote sensing technology; BP neural network; visual

distribution
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Fig. 1 UAYV information acquisition
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Fig.3  Drone images before and after stitching
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Fig.4 Chlorophyll content detection results of maize leaves

2.5 HEERBEMERESH

PO TR BB MR R S H R.G.B 3 73
HHE, RERES BT A A G RE MR A
X I B R AIE LA e SCBEARRAE , AR BP B 25 [ 4%
ALY n ] LS A MR B O I Y A R
T, DA A 21 T 2 3R 5 1 R T 6 KK B 73 A
P X I JRE PRI AT PR A b B 22+ DR oK el J2 i
SRRSO A S BN,

5 AN [ (RN (0, TR R B AR A ] DR
B SNl Sl SEAN GRS B BIE R ST &I e

SIREPNIE S SEAIESS S2s il
Fig.5 Chlorophyll content distribution map of

maize canopy in field



186

Lok Hlo o IR

20194

DX, 2R 28 S R AR 0, SRR 2 A AT R
TH B DX, R KR R A B, DX R R B R
1%, 2 A FEI7E 20 ~ 40 mg/L, W {63843 S F KA B
BN X, S R S A X, XN T R
TRV 40 ~ 60 mg/L, HHIIET BP i 28 0 4%
BEARURI A H K e )2 M4 R & a5 1, il i
KHEARMERR GBI, 78 HEEYE
TRV FORS AL & BRUC SR PR S 45

3 #Fig

QOFS NIPNHES S WINCE 6 s Sy
FrREA AR B R: 1 2 K i SR U MR AR IE S

BOHEST T T BP M2 N 25 i) oK e J2 -4 X AG
FEARY R0 T K K2R R AR A,

(2) XF T ANHLEMGR AT PR A 43388 4 )R
EUGFIREAS 5 G, I X 2 R BIHL AT R .G B /it
PRI, O 2k 4 10 FhERERRE M 6 R SORERIE, BT
BP #1280 4% 37 R HH R S 25 5 R AR AR S
BR2h B Won, B 5G UE RS B O UL R RN
0.724 6,77 1% 2% RMSE 4 4. 4659 mg/L,

(3) I BP 1 25 W) 28 I 2 22 e 0 482 78 530 K
H oK 4 R MR R S 2R & i s
il K 4R 2R A (B, e 28 S IR oK i 4
X7 ST VAL ol KL 2 S TR

(1]

£ % x W

ML, 2R, TR, 5. FORA I Aot g 5 S AT FE [ )], i1 047 ,2010,30(9) 12488 —2492.
SUN Hong, LI Minzan, ZHANG Yan’e, et al. Detection of chlorophyll content in maize growth stage[ J]. Spectroscopy and
Spectral Analysis,2010,30(9) ;2488 —2492. (in Chinese)

TOKZE K, IVEL 4. BRI A PR bl ek R R RUBOL I I B P O A ISR [ T ] e 56 43

Preliminary study on photosynthetic pigment content and color

(2]
2017,37(1) :194 - 199.
DING Yongjun, ZHANG Jingjing, SUN Hong, et al. Extraction and estimation model of tomato chlorophyll content sensitive
spectral band in glasshouse environment[ J ]. Spectroscopy and Spectral Analysis,2017,37(1) :194 —=199. (in Chinese)
[3] WUQ, SUNH, LIM Z, et al. Research on maize multispectral image accurate segmentation and chlorophyll index estimation
[J]. Spectroscopy and Spectral Analysis, 2015, 35(1) ;178 - 183.
[4] LIMANTARA L, DETTLING M, INDRAWATI R, et al. Analysis on the chlorophyll content of commercial green leafy
vegetables[ J]. Procedia Chemistry, 2015, 14(14) 225 - 231.
[5] #imdy, RS, P55 JETIRHGAE S TR R B SR M ARBETE [ C] 7/ 2 O TR 2 o =+ AR
i Al T AR 25 2009 4F 24 ARAFE 23 (CSAE2009) 1304, 20091 - 6.
(6] MESZE, RV, B, 5. T RGBBURIAGSER M Jy e 5 S il [ 1], Pl 22241 ,2017 ,44(2) :381 - 390.
CHENG Lizhen, ZHU Xicun, GAO Lulu, et al. Estimation of chlorophyll content in apple leaves based on RGB model[ J].
Acta Horticulturae Sinica,2017,44(2) :381 —390. (in Chinese)
(7] M5, H#iBE, RIE, & BIWHENM FOLEG aR S SEARENPYIEOIR )], Rl TR ,2006,22(9) :
34 -38.
CAI Hongchang, CUI Haixin, SONG Weitang, et al.
characteristics of cucumber at early flowering stage[ J]. Transactions of the CSAE, 2006,22(9) :34 —38. (in Chinese)
(8] THHWIBE, HERAWE, W Do, 55, BT IRANURABGOGIE SO AR AL M 20 3R S it SO [ ], R4, 2016,47 (11)
285 —293.
TIAN Minglu, BAN Songtao, CHANG Qingrui, et al. Inversion of cotton chlorophyll content based on data from UAV imaging
spectrometer[ J . Transactions of the Chinese Society for Agricultural Machinery, 2016,47(11) ;285 —=293. (in Chinese)
[9] YAN G, BO D, SHENG H F, et al. Remote estimation of rapeseed yield with unmanned aerial vehicle (UAV) imaging and
spectral mixture analysis[ J]. Plant Methods, 2018, 14(1) .70 - 83.
[10] JIANG J, ZHENG H, JI X, et al. Analysis and evaluation of the image preprocessing process of a six-band multispectral
camera mounted on an unmanned aerial vehicle for winter wheat monitoring[ J]. Sensors, 2019, 19(3) . 747 - 765.
[11] ZHANG Y, SU Z, SHEN W, et al. Remote monitoring of heading rice growing and nitrogen content based on UAV images
[J]. Int. J. Smart Home, 2016, 10(7): 103 —114.
[12] BEE, XB&, IR, TANZOGIEE BTE FOKE 2 2 R B R HAT S [ 1], 61 = 5 08i% 04, 2018,
38(9) :2923 —2931.
MAO Zhihui, DENG Lei, SUN Jie, et al. Application of multispectral remote sensing of UAV in corn canopy chlorophyll
prediction[ J ]. Spectroscopy and Spectral Analysis, 2018,38(9) :2923 —2931. (in Chinese)
[13] 5KRE. HTFIRANDGES TR BRG] RYMEIFSE, 2019, 41(7) :228 -231.

ZHANG Lechun. Application of farmland monitoring system based on spectral analysis of unmanned aerial vehicle[ J]. Journal
of Agricultural Mechanization Research, 2019, 41(7) :228 —231. (in Chinese)
(T#E 194 1)



194

1 R = 4 20109 4F

(8]

[9]

[10]
[11]

(12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]
[20]

(21]

2K, TR, RSO, IR [6) 5 B0 5 B B iz i i A R LB ARSI [ D], VEaRgl Rl 2017, 45(3) : 98 - 101.
LI Yongxiu, FAN Congcong, SONG Wenhuai. Comparison and correlation analysis of different methods for determination of
transpiration of tomato in facilities [ J]. Jiangsu Agricultural Science, 2017, 45(3) ; 98 —101. (in Chinese)
WIDMOSER P. A discussion on and alternative to the Penman — Monteith equation[ J ]. Agricultural Water Management, 2009 ,
96(4) . 711 -721.
(RAEpk, BV, WAUK. WA BIEY 2N S5 5k KA C] /A ELgOlK + TR ARBHT 2, 2010.
PEREA R G, POYATO E C, MONTESIONS P, et al. Irrigation demand forecasting using artificial neuro-genetic networks
[J]. Water Resources Management, 2015, 29(15) ; 5551 - 5567.
FERR, TAE, X4k, 5. RAEEAURE RS IO A1), AR TR #4R, 2017, 35(6) : 535 -540.
LU Jiajun, WANG Jizhang, LIU Jizhan, et al. Mixed matrix water distribution in strawberry viaduct cultivation [ J]. Journal of
Drainage and Trrigation Mechanical Engineering, 2017, 35(6) ; 535 —540. (in Chinese)
BAR-TAL A, SAHA U K, RAVIA M, et al. Inorganic and synthetic organic components of soilless culture and potting
mixtures[ M]. Elsevier, 2019 259 -301.
MARGENOT A J, GRIFFIN D E, ALVES B S Q, et al. Substitution of peat moss with softwood biochar for soil-free marigold
growth[ J]. Industrial Crops and Products, 2018, 112; 160 - 169.
PRI, KW, JET Hydrus — 1D BOTETE L HORIMEBEAABIUL Y], TKHER, 2019(2) : 64 -67.
XU Liping, ZHANG Zhaohui. Numerical simulation of soil water transport by drip irrigation based on Hydrus —1D [J]. Water-
saving Irrigation, 2019(2) ;: 64 —67. (in Chinese)
BAYAT H, EBRAHIM Z G. Estimation of the soil water retention curve using penetration resistance curve models [ J].
Computers and Electronics in Agriculture, 2018, 144 . 329 —-343.
PATRICIO D I, RIEDER R. Computer vision and artificial intelligence in precision agriculture for grain crops: a systematic
review[ J]. Computers and Electronics in Agriculture, 2018, 153 69 —81.
MBERH, XMCFE. FETHEH BP 2 P8R (14 DX Sl E I K UM AR ST [ 1], 35 MoK A, 2016(10) : 1 -3,6.
QU Chunyang, LIU Yijun. Prediction of regional agricultural irrigation water based on improved BP neural network model [ J].
Jilin Water Conservancy, 2016(10): 1 —3,6. (in Chinese)
LI H, HU C X, LI Y. Application of the purification of materials based on GA — BP[J]. Energy Procedia, 2012, 17; 762 —769.
Bln . BTN BP M2 R4 XA P el [ 1], s iRk 1], 2018, 38(9) : 15 -19.
WEI Yunyun. Analysis and prediction of agricultural industry by BP neural network based on genetic algorithm [ J]. Science
Journal of Normal University, 2018, 38(9) : 15 - 19. (in Chinese)
LI Y, ZOU C, BERECIBAR M, et al. Random forest regression for online capacity estimation of lithium-ion batteries[ J].
Applied Energy, 2018, 232. 197 -210.

(L#E%FE 186 IM)

[14]

[15]

[16]

[17]

[18]

[19]

(20]

RN, VPR, W, 5. BT AR AT R T R KRR M R SRR SRR T]. L REER (RS
Bl ), 2018(4) 423 —430.

YUAN Weinan, XU Tongyu, CAO Yingli, et al. Estimation of chlorophyll content in rice canopy leaves based on primary
basement analysis and dimensionality reduction method[ J]. Journal of Zhejiang University ( Agriculture and Life Sciences) ,
2018(4) :423 —430. (in Chinese)

i, EARA R S TRRATE AN KRR Jr SPAD {EEIEAG I 1], 35 bkl ,2017(18) :68.

LI Jing, WANG Jianjun, ZHU An, et al. Remote sensing estimation of SPAD value of rice leaves based on low-cost UAV[]J].
Agriculture of Jilin,2017(18) :68. (in Chinese)

TOFEZ , TR, I AR ST RE OO BRI E W R it R a b YA REL ] Ak, 199321
(8):869 —872.

JI Haiyan, YAN Yanlu, FENG Xuemei, et al. Determination of chlorophyll a and b in living leaves by stoichiometry-
spectrophotometry[ J |. Chinese Journal of Analytical Chemistry, 1993,21(8) :869 —872. (in Chinese)

LI Z, ZHAO X. BP artificial neural network based wave front correction for sensor-less free space optics communication[ J ].
Optics Communications, 2017, 385.219 —228.

i, DU, JACE. BP Mz M2 BT S T ]. )RR ALLE B, 2018 (10) 121 - 125.

HAN Pu, ZHOU Hanchen, ZHOU Beiwang. Research and implementation of BP neural network principle[J]. Radio &
Television Information,2018(10) :121 —125. (in Chinese)

MA X, FENG J, GUAN H, et al. Prediction of chlorophyll content in different light areas of apple tree canopies based on the
color characteristics of 3D reconstruction[ J]. Remote Sensing, 2018, 10(3) ;429 —444.

GEORGEE M, JOAOCAMARGO N. Verification of color vegetation indices for automated crop imaging applications [ J].
Computers & Electronics in Agriculture, 2008, 63(2) :282 —293.



