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Resumo

Behind only soybean production, corn is the second most produced grain in Brazil. Remote sensing is generally
considered one of the most important technologies for precision agriculture and smart agriculture, enabling
producers to monitor various parameters in agricultural crops. This work aimed to determine the height of plants
in corn crops through the photogrammetry technique using unmanned aerial vehicles (UAVS). The experiment
was conducted in the municipality of Montividiu, State of Goiés, Brazil, in the 2023 harvest. The mapped crop
was corn, the georeferenced images were captured via drone, with 249 photos generated during approximately
14 min of flight. The geoprocessing of the orthomosaic and digital surface model was ArcGIS, in which the
sketch was plotted on the orthophoto (georeferenced image) to later extract the height data for each treatment.
The original data were subjected to the normality test with 5% significance and homogeneity test with 5%
significance, then the data were subjected to analysis of variance using the F test with p < 0.05 and, when
significant, it was used if the Tukey test with p < 0.05. Block A had the best performance for average plant height
with values above 0.8 m. The use of UAVs proved to be an important and efficient tool in determining the height
of corn plants for future work on phytopathology, nutrient deficits, areas with leaching or even distinguishing
different cultivars.
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Determinacéo de altura na cultura do milho (Zea mays L.) através do uso de
Imagens produzidas por VANT’s

Resumo

Atrés apenas da producdo da soja, 0 milho é o segundo grdo mais produzido no Brasil. O sensoriamento remoto é
geralmente considerado como uma das tecnologias mais importantes para a agricultura de precisdo e a
agricultura inteligente, possibilitando ao produtor monitorar diversos parametros em culturas agricolas. Este
trabalho teve por objetivo determinar a altura de plantas em lavoura de milho através da técnica de fotogrametria
utilizando o veiculo aéreo ndo tripulado (VANT’s). O experimento foi conduzido no municipio de Montividiu,
Estado de Goias, Brasil, na safrinha de 2023. A cultura mapeada foi o milho, as imagens georreferenciadas foram
captadas via drone, com 249 fotos geradas durante aproximadamente 14 min de voo. O geoprocessamento do
ortomosaico e modelo digital de superficie foi o ArcGIS, no qual plotou-se o croqui sobre a ortofoto (imagem
georreferenciada) para posteriormente extrair os dados de altura de cada tratamento. Os dados originais foram
submetidos ao teste de normalidade com 5% de significancia e de homogeneidade com 5% de significncia, em
seguida, os dados foram submetidos a analise de variancia pelo teste F com p < 0,05 e, quando significativo,
utilizou-se o teste de Tukey com p < 0,05. O bloco A teve o melhor desempenho para altura média das plantas
com valores acima de 0,8 m. O uso VANT’s demonstrou ser uma ferramenta importante e eficiente na
determinacédo da altura das plantas de milho para futuros trabalhos de fitopatologias, deficit de nutrientes, areas
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com lixiviacdo ou mesmo distin¢do de diferentes cultivares.
Palavras-chave: Zea mays, sensoriamento remote, agricultura de precisdo, drone.

1. Introduction

Behind only soybean production, corn is the second most produced grain in Brazil, whose harvest in 2021/2022
was 113.27 million tons (Conab, 2022), national production in the 2022/2023 harvest was 131. 86 million tons,
an increase of more than 16.6% in corn production (Conab, 2023), compared to the previous harvest, and this is
due to improvements in precision agriculture techniques (Nascimento et al., 2014; Lopes et al., 2019).

Crop monitoring, with diagnostics especially in a quick, practical and accurate way, is an interesting perspective
that can be used in any crop, but a vision that is significantly more relevant for farmers who have adopted
precision agriculture (Pereira et al., 2018; Passos et al., 2019; Henrique et al., 2021). According to Tsouros et al.
(2019) remote sensing is generally considered one of the most important technologies for precision agriculture
and smart agriculture, enabling producers to monitor various crop and vegetation parameters through images of
various wavelengths.

One of the most frequent practices to determine the final number of emerged plants was visual inspection of the
soil (Bruin; Pederson, 2004). However, it is an activity that demands work and time, demanding a lot from
farmers or researchers (Varela et al., 2018). However, we can determine the plant population through the images
captured by the drone (Pessi et al., 2020).

Remotely manned aircraft (drones) are an important tool that helps identify the height of plants for different
crops among several other agricultural functions. Via drone it provides facilities for defining plant height, as it
works with the entire population of plants, and not just 1 linear m or a sample of the plot, for example. In this
sense, the technology for monitoring and characterizing the vast corn planting areas is constantly developing,
with the use of unmanned aerial vehicles (UAVs) using cameras that allow monitoring, photographing and/or
remotely evaluating the crop in the field (Neto et al., 2023).

The use of UAVs has increased in recent years, as they enable cost reduction, as well as advantages such as
sampling at low altitudes, which enables the acquisition of data with better and greater resolution for image
processing; on-demand mapping and the possibility of using sensors with the most diverse configurations (Neto
et al., 2023). In the literature, most studies to estimate plant density and height have been using RGB sensors
(Nakarmi; Tang, 2014; Varela et al., 2018). Cameras with RGB (visible spectrum) sensors only collect in the red,
green and blue bands (red, green and blue - RGB) (Neto et al., 2023). Thus, digital models of the area are
generated from aerial images from an RGB camera onboard the UAVs, with digital surface models (DSM) and
orthophotos being the main products of this mapping.

The DSM consists of a model that represents the surface of the terrain as well as any object, vegetation or
buildings, so the top of these is represented as the surface in the image (Cruz et al., 2011). The highlight of
remote sensing is vegetation indices, which are based on the reflectance values of one or more spectral bands
observed in the mapped area (Liu et al., 2019). The Excess Green index (ExG) is one of the vegetation indices
that can be used. EXG helps amplify the contrast intensity response between green and background pixels (Varela
et al., 2018). There are several vegetation indices that can be worked on, and the visible spectral range (red)
allows us to differentiate the characteristics of the vegetation structure, as it is in this spectral range that the
absorption of electromagnetic energy by chlorophyll occurs (Fitz, 2008).

This study aimed to determine the height of plants in corn (Zea mays) crops through the photogrammetry
technique using an unmanned aerial vehicle UAV in the region of the municipality of Montividiu, State of Goias,
Brazil.

2. Materials and Methods
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2.1 Work area and experimental design

The experiment was conducted at Rancho Vermelho Farm at the Instituto Goiano de Agricultura (IGA), located
next to the GO-174 highway, Km-45, on the right, 3.5 km, from the municipality of Montividiu, State of Goiés,
Brazil (Figure 1). The experiment was carried out in the 2023 harvest, in March. The soil type in the area is Red
Oxisol, with an average temperature for the region varying between 20 and 28 °C (Climatempo, 2023). The
experimental sampled area (Figure 1) was in a randomized block design, with 4 blocks and 10 treatments,
totaling 40 plots. The mapped crop was corn.
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Figure 1. Location of the corn trial, Rancho Vermelho farm at the Instituto Goiano de Agricultura (IGA).
Source: Authors, 2023.

2.2 Flight planning and mapping

The automatic flight plan for obtaining georeferenced images was through the Drone Deplov application in the
test version, using Phantom 4 Pro with the factory RGB camera (1” and 20MP CMOS sensor). The flight plan
was carried out at 70m height with frontal and lateral overlap of 75 and 70%, respectively.

The mapping was March 17, 2023, when the crop was already in the fruiting growth phase, at the recommended
time (between 10 and 11 am). The mapped area was 201,223.83 m2 with 249 photos captured during
approximately 14 minutes of flight, with images being captured on the Drone's round trip route (Figure 2). For
mapping, the geographic reference system used was the one that comes standard in the equipment (WGS84),
with a displacement error of 4.61 m (accuracy). The flight plan always exceeds the area of interest.
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Figure 2. Drone flight plan during area mapping. Source: Authors, 2023.

2.3 Processing

Afterwards, the photos were downloaded from the Drone to the computer using the Open Drone Map software
(WebODM 2.0.3; https://opendronemap.org) and the vegetation index algorithm used was ExG to identify the
vegetation, thus obtaining the orthophoto and subsequently the digital surface model (DMS; Figure 3A and 4).
The program used for the geoprocessing of the orthomosaic and DMS was ArcGIS 10.4 (Esri®), with a pixel of
1.3 cm (distance between pixel points), in which the sketch was plotted on the orthophoto (georeferenced image)
as shown in (Figure 4), to later extract plant height data from each treatment and the entire plot (Figure 3B).
Using the orthomosaic, the object of study was classified, which were only the surfaces of the images containing
corn plants.

As shown in Figure 4, the orthophoto was processed with the EXG vegetation index to identify only the plants
from the entire plot. Right after coloring, in this case the exposed soil and plants, but we only used the
reflectance corresponding to the vegetation. After extracting the height values (m?) from each plot, spreadsheets
were generated and exported to Excel so that statistical procedures could be carried out to calculate whether
there was a statistical difference between the treatments.

Figure 3. Digital surface model (A) and orthomosaic superimposed on the digital surface model (B). Source:
Authors, 2023.
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Figure 4. Sketch of the corn trial in the experimental area of the Goiano Institute of Agriculture. Letters and
numbers are blocks and treatments, respectively. Source: Authors, 2023.

2.4 Statistical analysis

The original data were subjected to the Shapiro-Wilk normality test with 5% significance and the Bartlett
homogeneity test with 5% significance. Data that did not present normal distribution and/or homoscedasticity
were transformed using the Box-Cox family of transformations (Box; Cox, 1964). Then, the data were subjected
to analysis of variance using the F test with p < 0.05 and, when significant, the Tukey test with p < 0.05 was used
in the qualitative analysis to compare the means. All analyzes were carried out using the statistical software R,
version 4.2.0 (Ferreira et al., 2014; Team, 2018).

3. Results and Discussion

In Figure 5 the blocks that stand out in height were blocks A and D, and in turn the block that had the lowest
performance was B. The mentioned performance may have been influenced by the adjacent road that separates
the tests (Figure 4). Since there was no problem with shadows in the mapping, which differs from what was
observed by Garcia-Martinez et al. (2020), where three classifications were required regarding the orthophoto:
soil, shade and vegetation, where they presented shading in the mapping of the area under study. For Olson et al.
(2019), researchers evaluated the relationship between vegetation index and corn productivity at different stages,
where it was possible to verify that the success of drone-based remote sensing depends on changes in the
sensitivity of vegetation indexes and crop growth stages .
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Figure 5. Average height (m) with 4 blocks for corn cultivation obtained from images captured by an unmanned
aerial vehicle (UAV). Source: Authors, 2023.

On the other hand, when we analyzed by treatments (Figure 6), no significant statistical difference was observed
between them, however it can be observed that treatment 10 had the lowest standard deviation, indicating greater
uniformity between the results.

Furthermore, the height values were less than 0.8 m in all treatments evaluated, different from what was
observed between the blocks, where block A had an index greater than 0.8 m (Figure 5). It is also possible to
observe that the standard deviation of the treatments were higher than the standard deviation observed in the
blocks. This demonstrates greater variability of data between treatments.

The average plant height between treatments was 0.7 to 0.8 m, thus DMS proved to be efficient for estimating
corn height in the field, corroborating Ferraz et al. (2022). The authors determined the height of corn plants using
images from a remotely piloted aircraft and did not observe a statistically significant difference between the
results from aerial images and manual collection in the field.

The use of UAVs in agriculture makes it possible to collect data in places that are difficult to access and with
precision (Ferraz et al., 2022) and through digital models it allows the monitoring of crops in the field at all
stages, and the evaluation of other parameters such as productivity and physiological data (Neto et al., 2023).
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Figure 6. Average height values (m) in relation to treatments. Source: Authors, 2023.

4. Conclusions
The determination of plant height through UAV images demonstrated in this study, a viable and efficient
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alternative that can help in decision making or make it possible to monitor corn cultivation in places with
difficult access, where agricultural machinery, for example, can damage the crops plants.
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