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Fig. 1 DEM of the experimental field (35°07'52"N,
113°45'37"E) obtained on May 11, 2019
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Fig. 2 Field layout of 3 maize varieties and 8 sowing date

treatment
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Table 1 The growth period of each sowing date when the

plant height was obtained
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Bl AS41d AS36d AS34d AS74d AS69d AS67d
B2 AS31d AS29d AS26d AS64d AS62d AS59d
B3 AS21d AS18d AS16d ASS54d AS51d AS49d
B4 AS10d AS7d ASS5d AS43d AS40d AS38d

B5 ASS5d AS1d Silking AS38d AS34d AS33d

B6 V14 V12 V12 AS27d AS24d AS22d
B7 \% A% \% AS17d AS12d AS10d

B8 Vo Vo Vo AS8d AS4d AS2d
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Table 2 Average plant height of two treatments measured
artificially on 25 July and 27 August
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B3 2.4a 2.6a 2.5b 2.4bc 2.6¢d 2.5b
B4 2.5a 2.7a 2.4b 2.5ab 2.7bc 2.5b
B5 2.5a 2.8a 2.6a 2.5a 2.9a 2.6a
B6 1.9d 2.0c 1.7d 2.4bc 2.8ab 2.5b
B7 1.2¢ 1.0d 0.9¢ 2.4c 2.6¢d 2.2¢
B8 0.3f 0.3¢ 0.3f 2.1e 2.2¢ 1.9¢
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¥ SRR DSM EIMG 28 3 /0N IX 4 )5 45 21 45 b
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Fig. 3 The DSMs of experimental field constructed using RGB and multispectral equipment

during two monitoring processes
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Fig. 4 Correlation between height of normalized image and height of artificially measured plant
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Table 3 Normalized image height of different cultivars and

characteristic parameters of artificially measured plant height

N VP
& 5 A Y —
RGB % Z IR
FK139 0.818° 0.486
INK728 0.954™ 0.774°
7H25H
7ZD958 0.945™ 0.737°
— 0.900" 0.672*
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INK728 0.549 0.272
8H27H
7ZD958 0.797° 0.415
— 0.604™ 0.332
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The Accuracy Differences of Using Unmanned Aerial
Vehicle Images Monitoring Maize Plant Height at
Different Growth Stages

YANG Jin, MING Bo, YANG Fei, XU Honggen, LI Lulu, GAO Shang, LIU Chaowei,
WANG Keru, LI Shaokun’

(Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/Key Labrary of Crop Physiology and
Ecology, Ministry of Agriculture and Rural Affairs, Beijing 100081, China)

Abstract: The digital elevation model (DEM) of maize population in field was constructed by using optical imaging equipment
mounted on unmanned aerial vehicle (UAV) to study the accuracy difference of maize population height monitoring at different
growth stages. Three cultivars and eight sowing date treatments were set up to structure maize population with different plant
heights. A multi-rotor UAV with high-definition digital camera and multispectral imaging sensor was used to take RGB images
and multispectral images in the experiment area on July 25th and August 27th, 2018, which were the biggest and smallest differ-
ences in plant height. The DEM data of maize population and canopy height were obtained with image pose correction, image
mosaic, point cloud generation, and space reconstruction, et al. The canopy height and plant height were normalized, and the
correlation between different cultivars and sowing date was analyzed based on UAV and manual plant height measurement. The
feasibility of using DEM data of maize canopy to monitor the difference of plant height was clarified. The results showed that
the height difference of maize population could be reflected by the digital elevation information obtained from high-definition
RGB camera and multispectral camera. The plant height monitoring accuracy of HD RGB camera was higher than that of multi-
spectral camera. However, the monitoring accuracy of plant height was not enough under the ready-made image equipment and
treatment method. So, it was difficult to reflect the smaller plant height difference of maize population. Growth stage had a great
influence on the monitoring of maize plant height. When the canopy of early growth stage has not completely covered the sur-
face or the leaf yellow and withered in the later stage of growth. The plant height of the population affected by the exposed sur-
face was seriously underestimated. In this study, the effects of UAV imaging equipment on monitoring maize plant height were
analyzed. The influence factors can be used as reference for the application of the method in field production.

Key words: accuracy difference; UAV; monitoring plant height; maize; multispectral
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