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Fig. 1 RedEdge-Mmultispectral camera
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Fig. 3 Drawing of interest area of maize leaf
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Table 1 Partial modeling data

Red EWT/

¥ R NIR
Green ed Edge (g * mm ?)

Sample  Blue

1 0.17 0.33 0.25 0.61 0.52 1. 07
2 0.15 0.26 0.18 0.59 0. 37 1. 05
3 0.21 0.36 0.25 0.66 0. 55 0. 86
4 0.18 0.27 0.21 0.68 0. 44 0.99
5 0.18 0.34 0.19 0.63 0. 49 1. 03
6 0.17 0.28 0.20 0.66 0.42 0. 96
7 0.19 0.32 0.23 0.63 0. 49 0.75
8 0.18 0.33 0.23 0.62 0. 47 0.98
9 0.17 0.34 0.20 0.65 0.51 0. 85
10 0.20 0.31 0.24 0.61 0.51 0. 82
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Table 2 Main parameters for solving hidden layer neurons

Number of neurons Number of

in the hidden layer iterations MSE
2 27 0.014 004
3 24 0.012 278
4 18 0. 014 605
5 17 0.013 973
6 21 0.016 817
7 21 0.018 807
8 23 0.016 357
9 16 0.009 690
10 19 0.016 404
11 20 0.010 012

15 BD 2 R 4 v B R BRI RCE Dy 9 A IR E
BT 2618 BRI B R R K BRI Y BD M2 R 4%
458979 5-9-1 45K, Il 4 s .

Hidden Output

B4 37}<E&.§$§§J$%Mfﬁ
Fig. 4

The neural network structure of

water content inversion model
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Table 3 Inversion value and reference value of moisture content in maize leaves
Sample Blue Green Red NIR Red edge Inversion value/(g « mm ?) Reference value/(g « mm ?)
1 0. 18 0. 36 0. 26 0.62 0.58 0. 84 0. 82
2 0.17 0.28 0. 20 0.67 0. 45 0.97 0.98
3 0.17 0.31 0.22 0.57 0.51 0.83 0. 81
4 0.16 0. 31 0. 25 0.61 0.58 0. 87 0.92
5 0.17 0.31 0.23 0. 66 0. 54 0. 83 0. 80
6 0.18 0. 34 0.27 0.63 .58 0. 87 0. 90
7 0.19 0.29 0.23 0.57 0. 50 0. 64 0. 67
8 0.18 0.35 0.22 0. 66 0.59 0.93 0. 95
9 0.17 0.28 0.19 0.65 0. 50 0. 85 0. 83
10 0.19 0. 36 0.23 0.59 .61 0. 87 0.90
11 0.16 0.31 0.21 0.62 0. 50 1.08 1.27
12 0.19 0. 33 0.23 0. 60 0.49 0.72 0.74
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Water Content Detection of Maize Leaves Based on Multispectral
Images
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Abstract Water is part of the essential elements for the normal growth and development of plants. The ability to detect and ob-
tain plant leaf moisture quickly is of great importance to the study of crop irrigation production management and the physiological
water demand characteristics of crops in the field. Using RedEdge-M multispectral camera, 55 groups of maize leaves at different
growth stages were selected as the test objects, and the test maize leaf samples were photographed in a mellow light environment

without shading. During the photographing process, the influence of solar elevation angle on spectral reflection was eliminated by
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directly connecting down light sensors, and TIFF images in 5 bands of blue, green, red, near-infrared and red edges were ob-
tained by photographing each group of maize leaf samples. With the help of image processing software ENVI 5. 3, the region of
interest (ROD) of maize leaf samples was constructed, and the average reflection spectrum of maize leaf samples within the ROI
range was used as the reflection spectrum of the samples to reduce the error caused by lens edge dimming phenomenon. Accord-
ing to the calibration reflectivity of the standard white board, the average reflection spectrum in the ROI range of the white board
and the average reflection spectrum in the ROI range of the maize leaf sample white board, the ratio was converted to obtain the
spectral reflectivity of each group of maize leaves at five bands. At the same time, using YLS-D chlorophyll meter, using five-
point sampling method. The average water thickness of maize leaf samples was measured in five areas of maize leaf as the meas-
urement index of leaf water content. Randomly selected spectral reflectance of 43 sets of maize leaf samples as training samples,
using BP neural network to build an inversion model of maize leal water content, which was based on multi-spectral image, and
the Levenberg-Marquardt method was introduced to improve the existing shortcomings of classical neural network. The number
of input neurons was 5, that is, the reflectance corresponding to the five and images of blue, green, red, near-infrared and red-
edged, and the output neurons were one, that is, the moisture content of the maize leaves. The remaining 12 sets of samples
were invoked as verification samples for correlation verification analysis of model inversion data. The results showed that the
multispectral image spectral information combined with the improved BP neural network based on the Levenberg-Marquardt
method can be utilized to retrieve the water content of the maize leaf. The fitting correlation coefficient of the model inversion can
reach 0. 896 37. As a verification of the 12 groups of maize leaves moisture reference value and the inversion value of the correla-
tion coefficient R* reaches 0. 894 8, the inversion result is ideal. It can realize the rapid and accurate detection of the moisture

content of maize leaves, and provides a method and reference for the promotion and application of precision agriculture.

Keywords Multispectral images; Maize leaves; Water content; BP Neural network

(Received Feb. 15, 2019; accepted Jun. 26, 2019)

% Corresponding author





