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Fig. 1 The acquisition system based on
a multispectral camera
(a): The composition of the acquisition system; (b): DJI Phantom;
(¢): ADC Micro
1: DJI Phantom, a quad-rotor UAV; 2: ADC Micro, a multispectral

camera; 3: an SD card with 16G storage; 4. Computer
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Fig. 2 The acquisition of multispectral images in fields

(a): Experimental site; (b): Sampling scheme
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Fig. 3 The acquired multispectral images
(a): An image example (1); (b): An image example (2);

(¢): An image example (3); (d): An image example (4)
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Fig. 4 The examples of the images with R, G and NIR
components processed by PixelWrench2 x64
(a): The image with R component;
(b): The image with G component;

(¢): The image with Near-Infrared (NIR) conponent
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Fig. 5 The results of R, G and NIR components
(a): R, G and NIR components in local areas;

(b): R, G and NIR components in entire areas
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Fig. 6 The portable sugar meter, PAL-1.,

and its real measurement
(a): A portable sugar meter, PAL-1;
(b): Measuring total sugar of grape juice by using PAL-1
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Table 1 The component results of local and entire areas Table 2 The total sugar of grape juice of the model set
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Fig. 7 The changing relation between each component and date

(a): The changing relation between R component and date; (b): The changing relation between G component and date;

(¢): The changing relation between NIR component and date
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Table 3 The regression of each colour component

Pjubig s [l 5975 2 WA R* i F{H p-value B #H
JHE R o ¥y=3.3632x—2.338 0.815 36. 2431 1 5.314 4410 * o ox % %
Ik R y=2.6652+0. 742 0.721 83 21.759 51 0.002 3 ® % %
JHE G o y=3.1252+40. 675 0.532 8 10.123 25 0.015 45 * %
AR G o it y=1.2182+37.586 0.215 3.192 52 0.117 13 -

Jai# NIR y=—3.0192+162. 714 0.406 13 6.470 9 0.038 45 *

#{k NIR y=—2.167x+128. 344 0.099 2 1.881 03 0.212 56 -

Hi Pl 8Ca, b) IR 4 T A1, BRI R RY 24 52 B W 35 M A
X (p-value<C0.05) , fH2AH b TG =0, A EE M
WMWK, RS R, F (% #4848 U] B m T2t 4
A Ul B e Bk B S B A A A W o Ky =L B
T BN B o AR IR 21 20635 R R oy & 5 1 A

P 5 AR AN (D BrR
6. 25

X
1+ <7. 406>
D, = HRF R TEE; v A EREEE.

y = 22.194 — (D




3224 S 5 6 M

CEENE o

(a) //
22 n RS E%) &
LM L
§
i)
{\j 20 e Jikd y=a+bx
= 2 BRI
1B B At
) keE -
P -
n BRI IR 5.80722
1 8 4 Pearson's r 0.85581
R*J7(COD) 0.73241
AEERT Ty 0.69419

2] 21 6I é ll() 1I2 1l4 1I6 1I8 2l02l22|42|6 2]8 3l()3]2 3]4

JRIFR S

229 (b)

L] n SR R(%)
— XS

B Logistic
Jifi y=A2+ (A1-A2)/(1 + (x/x0))
B AR (%)

Reduced Chi-Sqr 00797
RY-Jj(COD) 098164
PERF ) 0.97062

2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34
JRITR I3 HE

B8 SHEEBRBHRISESSWESEBLPERAN

(2): 6% ERJR T R 200t 5 S S 4 [ A s (b) . ZOBIB ISR R 73 fit 5 B bl

Fig. 8

SRR

The regression modelling between the local R component of the multispectral images and total sugar

(a): The linear model between the local R component of the multispectral images and total sugar;

(b): The logarithmic model between the local R component of the multispectral images and total sugar
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Table 4 The results of the regression analysis between the local R component of the multispectral images and total sugar
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Table 5 The comparison between the total sugar of the valida-

tion set and that of the model prediction results
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Cabernet Gernischt Maturity Determination Based on Near-Ground
Multispectral Figures by Using UAVs

YANG Sheng-hui, ZHENG Yong-jun” , LIU Xing-xing” , ZHANG Tian-gang, ZHANG Xiao-shuan, XU Li-ming
College of Engineering. China Agricultural University, Beijing 100083, China

Abstract Wine grapes are generally harvested in batches., and their quality is affected by harvest time. Conventional methods
mainly rely on the test of physical and chemical indicators of samples in laboratories, such as testing phenol and sugar, to
determine the maturity of harvest. However, if multiple fields are required to be continuously monitored before harvesting, it
will be difficult to ensure the quality of grapes due to large batches, high costs, heavy workload of sampling and analysis and
lower timeliness. In this paper, Cabernet Gernischt taken as the study object, a novel method using the near-ground spectral
images by Unmanned Aerial Vehicles (UAVs) to determine maturity was proposed. A multispectral camera, ADC Micro, was
carried by a four-rotor UAV, DJI Phantom, and the grape images of nine sampling points were taken in-situ with an S-shaped
sampling route. Meanwhile, grape samples were collected. Then, a multispectral image processing software, PixelWrench2
x64, was employed for image processing to obtain the values of red (R), green (G) and near-infrared (NIR) index of each
image. In addition, grape juice was obtained by pressing and total sugar was selected as the characteristic of maturity
determination due to detection duration, cost and representativeness. A handheld sugar meter, PAl-1, was applied to detect the
total sugar of the juice. Furthermore, the significance between R, G and NIR components and sampling date were respectively
analysed, illustrating that the R component of leaf-dense areas (the local areas) had the most significant relation with and date
(with P-value=15.314 44 X 10 * and Adjusted R* = 0. 815). Therefore, the local R component was selected as the maturity
characteristics of modelling. According to the principle that the model set and validation set should be 4 * 1, the models between
total sugar and local R component were respectively developed using linear and logarithmic regression. The results showed that
compared with the linear model, there was a very significant logarithmic relation between them (with p-value=5.124 07X 107",
adjusted R*=0. 970 62). The mean of prediction errors of the model was less than or equal to 1. 388 % , the maximum prediction
error of the model was less than or equal to 4. 6% and the pre-harvest prediction error was 40.46%. It was demonstrated that
the logarithm model had high accuracy of detection. As a consequence, before harvesting, the multispectral images of Cabernet
Gernischt could be gathered in-situ in fields by using UAVs to collect spectral images to obtain the local R-component value.
Then, the value could be taken into the logarithmic model to predict the content of total sugar. Based on the standard that total
sugar should be 22% £0.46 %, Cabernet Gernischt maturity could be determined. Hence, it is convenient and feasible to use
spectral images of fields to predict wine qrapes’ quality and harvest time, which provides a novel idea for the application of

spectral images in agricultural production.
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