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Abstract 

Technological advancements have reduced geographical barriers, demanding rapid 

adaptation across all sectors, including the use of remotely piloted aircraft (RPAs), 

commonly known as drones, which have been widely applied in areas such as urban 

and agricultural monitoring. In municipalities like Jataí-GO, where agribusiness is 

predominant, the use of RPAs for measuring vegetative indices (VIs) brings benefits 

for more precise and sustainable agricultural practices. However, the cost of some 

RPAs limits their broader adoption, as many devices can exceed R$ 160,000 

(Brazilian currency). This research is experimental and aimed to develop 

techniques for using rotary-wing drones, which are more affordable than other 

models available on the market, to generate vegetation indices for mapping and 

monitoring commercial grain crops. The methodology consisted of: 1) field surveys 

in soybean planting areas; 2) acquisition of images from the Sentinel-2 satellite and 

the drone; 3) processing of images captured by the Phantom 4 PRO drone, equipped 

with a MAPIR Survey 3W camera; and 4) analysis of correlations between the VIs 

obtained by the drone and Sentinel-2 in two areas on the campus of the Federal 

University of Jataí (UFJ), for validation. Data collection included the use of a high-

precision Trimble R4s GNSS for georeferencing. The results show a strong 

correlation between the VIs calculated using drone and Sentinel-2 images for 

soybean crops, with coefficients of determination (R²) exceeding 0.72 for VARI and 

0.73 for NDVI. Plot 001 stood out for its uniformity, achieving high coefficients of 

determination, reinforcing the effectiveness of the geotechnologies employed. In 

more heterogeneous areas, such as plot 002, the VIs revealed differences, 

particularly with the VARI index, which proved less efficient for mixed cultivation 

environments. The data confirms that VIs generated by cost-effective drones can 

indicate planting variations, demonstrating the feasibility of their application in 

the agricultural sector without significant investments.  
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INTRODUCTION 

 

 

The rapid evolution of technologies, especially 

after the Cold War, has reduced distances and 

demanded adaptations across various sectors. 

About geotechnologies, this evolution has 

brought significant gains in efficiency and 

quality in geographic studies. According to Rosa 

(2009), geotechnologies encompass a set of 

technologies focused on the collection, 

processing, analysis, and dissemination of 

information with geographic reference.  

These technologies stand out in monitoring 

urban and agricultural areas, being used in 

practices such as precision agriculture, pest 

control, and the management of production and 

harvesting processes. These advancements have 

contributed to popularizing aerial 

photogrammetry, facilitated by access to high-

resolution satellite images and field surveys 

(Matias et al., 2015). Among these technologies, 

drones have emerged as one of the primary tools. 

The flexibility and versatility of drones have 

expanded the possibilities for applications in 

geographic studies, enabling efficient and 

precise data capture in various environmental 

and urban contexts. These devices offer a new 

perspective for spatial data collection, allowing 

detailed and up-to-date analyses of hard-to-

reach or large-scale areas (Alzahrani et al., 

2020). 

Images captured by cameras mounted on 

drones enable the analysis of relationships 

between different spectral bands, facilitating 

the calculation of vegetation indices. These 

indices are essential for assessing the health 

and vigor of plants in a specific area (Silva 

Júnior et al., 2018). In this research, indices 

such as the Visible Atmospherically Resistant 

Index (VARI), the Normalized Difference 

Vegetation Index (NDVI), and the Leaf Area 

Index (LAI) were tested and utilized, as they are 

recommended for analyses in agricultural 

activities (Schwalbert et al., 2020; Andrade 

Júnior et al., 2022). 

One of the main challenges in using drones 

for surveys is the cost of equipment, such as 

fixed-wing drones, which can exceed R$ 

150,000.00 (Brazilian currency). Thus, the use of 

more affordable drones and sensors is crucial to 

making this technology viable for mapping and 

monitoring agricultural areas. 

The availability of more economical drones 

and sensors broadens the possibilities for 

applying these tools, especially in agriculture. 

This accessibility allows the generation of 

vegetation indices and other essential data for 

agricultural management more economically 

and efficiently. Thus, farmers and land 

managers can make more informed and precise 

decisions, promoting more sustainable and 

effective use of agricultural areas. 

This research aims to evaluate the 

effectiveness of cost-effective technologies, such 

as the Phantom 4 PRO drone and the MAPIR 

Survey 3W multispectral camera, in monitoring 

soybean crops in the Jataí-GO region. For this 

purpose, vegetation indices extracted from both 

drone-captured images and Sentinel-2 satellite 

images are compared using statistical models, 

such as the coefficient of determination (R²), to 

verify the correlation and accuracy of the 

applied technologies. Here, the choice of 

Sentinel-2 as a reference for validation is 

justified by the free access to medium spatial 

resolution images and a temporal resolution of 5 

days, making it the most viable option among 

the low-cost alternatives targeted by the 

research.  

This issue is fundamental for assessing the 

potential and feasibility of using drones and 

geotechnologies in agriculture, especially in 

regions like Jataí-GO, where agricultural 

production is significant. Investigating this 

issue can provide valuable results for farmers, 

researchers, and managers, contributing to the 

advancement of knowledge and the 

improvement of agricultural practices in the 

pursuit of greater profitability and 

sustainability. 

 

 

MATERIALS AND METHODS 

 

 

Characterization of the Study Area 

 
The southwestern region of Goiás is one of the 

most productive areas in the state and the 

country in terms of agriculture and livestock. 

The combination of favorable climate, fertile 

soil, and advanced technologies has enabled 

robust agricultural development. The 

municipality of Jataí-GO (Figure 1) stands out 

in this region for its significant grain production 

and its role as a center for agricultural 

innovation. The intensive use of land has been 

crucial for increasing productivity in the region, 

as highlighted by Martins et al. (2022).  
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Figure 1 - Location map of the municipality of Jataí - GO 

 
Source: IBGE (2023); GOIÁS (2020). The authors (2024). 

 

The Universidade Federal de Jataí (UFJ - 

Federal University of Jataí) is located in a rural 

area (Jatobá campus), where research is carried 

out in the agronomy program on experimental 

grain cultivation areas. Therefore, two soybean 

plots were selected for monitoring, named "plot 

001" and "plot 002," measuring 7.42 hectares 

and 8.77 hectares, respectively. 

 

 

Equipment Used 

 

A Phantom 4 PRO-DJI drone was used, 

equipped with an infrared imaging kit and 

NDVI generation capabilities, along with an 

integrated Mapir Survey 3w GPS (Figure 2). 

Acquired through funding from the Universal 

Call MCTIC/CNPq No. 28/2018, the drone 

enables high-resolution aerial photos for 

photogrammetry, with sensors ensuring flight 

stability and smartphone-based monitoring.  

 

Figure 2 - Phantom 4 PRO with Mapir Survey 3w camera mount (OCN) 

 
Source: The authors (2024). 
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The NDVI camera is essential for 

agricultural monitoring, being one of the most 

precise indices for capturing the spectral 

signature of vegetation. The Mapir Survey 3w 

sensor captures high-resolution images (12 

Megapixels – 4000 x 3000 px) in RAW (12 bits 

per channel) and JPG (8 bits per channel) 

formats, generating a Ground Sample Distance 

(GSD) of 5.5 cm/px at 120 m altitude. This 

model, identified as OCN (Orange, Cyan, and 

NIR), uses specific filters: cyan (490 nm), orange 

(615 nm), and near-infrared (808 nm), enabling 

detailed analysis of agricultural crop conditions. 

Additionally, it features an integrated external 

GNSS (Mapir, 2020; Santos et al., 2022). 

 

Execution of Flights and Data Processing 

 

Aerial surveys were conducted weekly to 

monitor soybean development across different 

phenological stages. According to the 

classification by Fehr and Caviness (1977), the 

soybean cycle is divided into two main phases: 

vegetative stages (V), representing the initial 

growth of the plant, and reproductive stages (R), 

marking the transition to flowering and grain 

formation. 

For the flights, the free application 

DroneDeploy was used, enabling planned and 

automated flights for capturing aerial 

photographs. The flights were conducted at an 

altitude of 100 m, with 75% lateral and frontal 

overlap (Figure 3), always between 9:00 AM and 

11:00 AM to avoid significant variation in solar 

angle, and with the camera positioned at 90°. 

RGB images were generated in natural color, 

without contrast adjustment. An initial flight 

was conducted for georeferencing the plots, 

using the high-precision Trimble R4s GNSS to 

collect control points. This flight took place 

before the crop season, with the soil exposed, 

facilitating the visibility of control points. 

Twenty control points were collected around and 

within the plots. 

 

Figure 3 - Flight plan for plot 001 in DroneDeploy 

 
Source: The authors (2024). 

 

The points collected by the GNSS were 

processed in Trimble Pathfinder Office® 

software, with differential correction, and 

exported in .shp and .txt formats. The reference 

for post-processing was the Jataí station (GOJA) 

from the Rede Brasileira de Monitoramento 

Contínuo (RBMC - Brazilian Continuous 

Monitoring Network). 

The aerial photos were processed in Agisoft 

Metashape® software, version 2.1.0, (Agisoft, 

2023), following photogrammetry steps: image 

alignment, dense point cloud generation, digital 

terrain model creation, and orthophoto mosaic 

generation. The first flight's images were 

georeferenced using the control points collected 

in the field and processed with differential 

correction, along with coordinates captured by 

the drone's navigation system. This controlled 

orthomosaic served as a reference for correcting 

subsequent orthomosaics, including RGB and 

multispectral images. 

The correction of subsequent orthomosaics 

was performed using the georeferencing tool in 

ArcGIS 10.8, version 10.7.0.10450, (ESRI, 2024), 

using fixed points such as poles and sewer 

networks to ensure image positioning accuracy 

(Figure 4). 
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Figure 4 - Control point for georeferencing 

 
Source: The authors (2024). 

 

Sentinel-2 satellite images, distributed free 

of charge by the European Union's space 

program, were used as an additional reference. 

The selected bands were blue (B2), green (B3), 

red (B4), and near-infrared (B8), with a spatial 

resolution of 10 meters and a search criterion 

considering 0% cloud cover over the plots. 

These images were processed using SNAP 

software, provided by the European Space 

Agency (ESA), where vegetation indices (VARI, 

NDVI, and LAI) and color compositions of the 

satellite images were generated. The indices 

generated by the drone were calculated using 

the raster calculator tool, applying the formulas 

for VARI, NDVI, and LAI specified in Table 1. 

Subsequently, the data were processed in 

ArcGIS 10.8 for georeferencing, area 

calculation, information cross-referencing, and 

thematic map generation. 

 

Table 1 - Vegetation Indices Used 

VI Formula Reference Equation 

VARI 
𝐺𝑟𝑒𝑒𝑛 − 𝑅𝑒𝑑

𝐺𝑟𝑒𝑒𝑛 + 𝑅𝑒𝑑 − 𝐵𝑙𝑢𝑒
 Gitelson et al. (2003) Eq. 1 

NDVI 
𝑁𝐼𝑅 − 𝑅𝑒𝑑

𝑁𝐼𝑅 + 𝑅𝑒𝑑
 Rouse et al. (1974) Eq. 2 

LAI 4.9 ∗  (𝑁𝐷𝑉𝐼2) + 0.1 Miranda et al. (2020) Eq. 3 

Sources: Gitelson et al. (2003), Rouse et al. (1974) and Miranda et al. (2020). 

 

To ensure the consistency of the results when 

calculating LAI, a correction to the NDVI index 

was necessary, based on the additive property of 

equality. Since the MAPIR camera generates 

negative NDVI values during periods with lower 

leaf coverage, an adjustment was applied to 

ensure the values fell within a coherent scale. In 

this context, by adding the lowest recorded 

NDVI value to all pixels across all dates, the LAI 

calculation better reflected the conditions 

observed in the field. For example, without this 

correction, a pixel of a leaf could show an NDVI 

of -0.1, while a pixel of bare soil could show -0.2, 

resulting in a higher calculated LAI value for 

the bare soil, which does not align with reality. 

With this correction, the results obtained more 

accurately represent the variations in the 

studied areas. 

 

Sampling and Statistical Analyses 

 

A sampling criterion was established for each 

plot, selecting 9 pixels from Sentinel-2, resulting 

in parcels of 900 m². In plot 001, 45 parcels were 

analyzed, and in plot 002, 68 parcels were 

analyzed. The samples were selected to ensure 

they were entirely within the plots and 

contained all 9 complete Sentinel-2 pixels. 

To extract the results, the zonal statistics as 

a table tool were used, which calculates an 

average for each sample based on the number of 

pixels within that area. This allowed the 

extraction of the mean values for each index 

from both drone-captured images and satellite 

images, enabling statistical analysis in 

Microsoft Excel,version 2504, (Microsoft 

Corporation, 2022). 

A total of 60 flights were conducted. After 

excluding images with high cloud cover, the 

analyses focused on overflights conducted on the 

following dates: 11/04/2022, 11/05/2022, 

11/17/2022, 11/25/2022, 01/11/2023, 01/20/2023, 

02/03/2023, 02/15/2023, 11/21/2023, 01/16/2024, 

02/09/2024, and 02/22/2024. 

From the organized spreadsheet data, the 

Pearson linear correlation coefficient (R), the 

coefficient of determination (R²), and Willmot et 

al. (1985) D coefficient were calculated. 

According to Oliveira (2016), these coefficients 

have a performance scale ranging from poor to 

excellent, as follows: poor <0.40; bad 0.40 to 

0.50; fair 0.50 to 0.60; moderate 0.60 to 0.65; 

good 0.65 to 0.70; very good 0.75 to 0.85; and 
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excellent >0.85. Additionally, the root mean 

square error (RMSE) was calculated to assess 

the degree of similarity between the 

observations and the reference data (Oliveira, 

2016). 

 

 

RESULTS AND DISCUSSIONS 

 

 

The results are presented for the soybean-

cultivated plots during the 2022-23 and 2023-24 

crop seasons. In the first season, planting 

occurred in October 2022, and harvesting in 

February 2023, while in the second season, 

planting took place in November 2023, with 

harvesting in March 2024. 

As shown in Figure 5, the collected data 

indicate a high correlation between the VARI 

and NDVI indices obtained from the drone and 

the satellite data, with the coefficient of 

determination (R²) ranging between 0.724 and 

0.905, with plot 001 standing out for better 

results. Plot 001 showed an R² of 0.891 for VARI 

and 0.905 for NDVI, while plot 002 exhibited 

greater variation between the crop seasons. 

Greater dispersion was observed in the data 

from plot 002, especially for VARI. Although the 

R² indicates a good correlation, the data 

dispersion suggests variability in the response 

indices related to crop development, associated 

with factors such as soil heterogeneity. 

The VARI index tends to fluctuate during the 

vegetative stage, especially when the plant 

develops pods, due to its dependence on the 

visible band. In contrast, NDVI, which uses the 

near-infrared band, remains more stable and 

shows a more precise correlation with satellite 

images, better reflecting the cellular structure of 

the plants. This behavior of the indices is 

evident throughout the planting cycle. 
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Figure 5 – Overall coefficient of determination (R²) for soybean cultivation in plots 001 and 002 

 
Source: The authors (2024). 

 

In plot 001, the NDVI and LAI indices 

showed relatively lower performance on 

11/05/2022 and 01/11/2023, with R² values 

between 0.70 and 0.73. This lower performance 

at the beginning of the cycle is attributed to the 

low density of leaf coverage, which intensifies 

the spectral influence of straw and exposed soil 

(Figure 6).
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Figure 6 - Spectral Response of NDVI with Straw and Bare Soil Present in Plot 001 

 
Source: The authors (2024). 

 

The NDVI and LAI, measured by the MAPIR 

camera, recorded values of -0.019 and  0.416, 

respectively, while Sentinel-2 showed average 

values of 0.269 and 0.275, reinforcing the 

influence of bare soil. Despite recording NDVI 

values below the satellite references, the MAPIR 

camera allows for the identification of areas of 

plant stress and land use with high resolution, 

as noted by Santos et al. (2022) and Koopmans 

(2020).  

On 01/11/2023, the reduced NDVI and LAI 

values are attributed to a four-day difference 

between the drone-captured image and the 

satellite image, which was replaced by the 

image from 01/15/2023 due to cloud cover. On 

11/17/2022, 11/25/2022, 02/03/2023, and 

02/15/2023, comparisons with only a one-day 

difference showed high R² values for NDVI and 

LAI, reaching up to 0.93 (both plots).  

Although between 11/25/2022 and 

01/11/2023 it was not possible to obtain cloud-

free satellite images, the soybean development 

stages are clearly identifiable in the aerial 

photographs. NDVI values increased 

significantly after 11/25/2022, peaking between 

12/21/2022 and 01/11/2023, with averages of 

0.079 and 0.060, respectively, from the MAPIR 

camera. NDVI and LAI values decreased from 

01/26/2023 as the soybeans advanced to 

maturation and harvest stages, with NDVI and 

LAI recorded by MAPIR on 02/15/2023 showing 

values of -0.017 and 0.423, respectively. Figures 

7, 8, 9, and 10 illustrate the spatial variation of 

NDVI throughout the soybean cultivation cycle, 

from planting to harvest. 

The performance index D indicates excellent 

performance of the MAPIR camera for 

calculating NDVI and LAI in plot 001, with 

values above 0.88 for all dates except 

11/05/2022, where LAI recorded 0.74 due to the 

presence of straw and bare soil. This good 

performance is corroborated by RMSE values 

between 0.04 and 0.12, reflecting the precise fit 

of the model. 
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Figure 7 - Thematic image demonstrating spatial variation of NDVI and drone-captured RGB images 

in plot 001 with soybean cultivation for the 2022/23 season, between 10/17/2022 and 10/27/2022 

 
Source: The authors (2024). 
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Figure 8 - Thematic image demonstrating spatial variation of NDVI and drone-captured RGB images 

in plot 001 with soybean cultivation for the 2022/23 season, between 11/05/2022 and 12/01/2022 

 
Source: The authors (2024). 
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Figure 9 - Thematic image demonstrating spatial variation of NDVI and drone-captured RGB images 

in plot 001 with soybean cultivation for the 2022/23 season, between 12/12/2022 and 01/26/2023 

 
Source: The authors (2024). 
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Figure 10 - Thematic image demonstrating spatial variation of NDVI and drone-captured RGB 

images in plot 001 with soybean cultivation for the 2022/23 season, on 02/03/2023 

 
Source: The authors (2024). 

 

During the initial growth stages (11/05, 

11/17, and 11/25/2022), the VARI index showed 

satisfactory performance, with coefficients of 

determination of 0.65 and 0.60 for the first two 

dates and 0.80 for the third, demonstrating 

average values for the drone of -0.026, -0.042, 

and 0.160, respectively, while Sentinel-2 showed 

values of -0.289, -0.285, and -0.064. 

On 01/11/2023 and 02/03/2023, as the 

soybeans progressed through the vegetative 

cycle and entered the senescence phase, the 

VARI from the MAPIR camera recorded 

averages of 0.773 and 0.049, while Sentinel-2 

obtained 0.398 and -0.093. This confirms an 

increase in the index on 01/11 and a reduction 

on 02/03, coinciding with the grain drying 

process. 

The difference between the drone and 

Sentinel-2 VARI values emphasizes that the 

drone's lower altitude (100 m) minimizes 

atmospheric interference, resulting in more 

precise data, while Sentinel-2, operating in 

medium orbit, is more susceptible to 

atmospheric variations. 

Despite variations in the VARI R², the D and 

RMSE indices showed high accuracy for most 

dates, with D above 0.81 and RMSE between 

0.01 and 0.04, except on 01/11/2023, when D was 

0.49. This result highlights that the OCN 

camera, with infrared capture, is more suitable 

for observing these aspects. 

Figures 11, 12, and 13 demonstrate the 

spatial variation of VARI for plot 001 in the 

2022/23 season. Although VARI shows slightly 

lower statistical indices than NDVI, its high 

spatial resolution allows for detailed visual 

analysis, identifying soybean development 

stages throughout the cycle. 

In plot 002, during the 2022/23 season, the 

NDVI and LAI indices maintained strong and 

stable correlation values. However, on 

11/04/2022 and 01/20/2023, these indices 

showed lower performance, with R² between 

0.50 and 0.60, reflecting the initial planting 

stages and the presence of bare soil (Figure 14), 

as in plot 001. The average NDVI and LAI 

values captured by the drone were -0.010 and 

0.281, while the satellite images recorded 0.349 

and 0.396. 
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Figure 11- Thematic image demonstrating spatial variation of VARI and drone-captured RGB 

images in plot 001 with soybean cultivation for the 2022/23 season, on 10/17/2022 and 10/27/2022 

 
Source: The authors (2024). 
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Figure 12 - Thematic image demonstrating spatial variation of VARI and drone-captured RGB 

images in plot 001 with soybean cultivation for the 2022/23 season, between 11/05/2022 and 

12/01/2022 

 
Source: The authors (2024). 
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Figure 13 - Thematic image demonstrating spatial variation of VARI and drone-captured RGB 

images in plot 001 with soybean cultivation for the 2022/23 season, between 12/12/2022 and 

02/03/2023 

 
Source: The authors (2024). 

 

The days with the highest R² values 

(11/17/2022, 11/25/2022, and 02/03/2023) 

showed images with a maximum difference of 2 

days between the aerial photographs and the 

Sentinel-2 images, with excellent performance: 

R² = 0.78 (NDVI) and 0.77 (LAI) on 11/17/2022, 

R² = 0.91 (NDVI) and 0.90 (LAI) on 11/25/2022, 

and R² = 0.94 (NDVI and LAI) on 02/03/2023. 

 

 

Figure 14 - Spectral response of NDVI with straw and bare soil present in plot 002 

 
Source: The authors (2024). 

   

As in plot 001, it is possible to identify the 

soybean stages in plot 002 through the images. 

The lowest NDVI values occurred at the 

beginning of planting, on 11/04/2022, 
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11/10/2022, and 11/17/2022, with average values 

of -0.010, -0.035, and -0.026, respectively. On 

11/04/2022 (Figure 15), in addition to straw and 

bare soil, weed patches were observed, with 

higher values compared to 11/10/2022 and 

11/17/2022, when herbicide had already been 

applied for desiccation. 

 

Figure 15 - Presence of weeds in plot 002 on 11/04/2022 

 
Source: The authors (2024). 

 

On 12/21/2022 and 01/20/2023, NDVI and 

LAI reached their highest values, indicating 

greater vegetation coverage. The averages were 

0.090 and 0.086 for NDVI, and 0.434 and 0.427 

for LAI, respectively. These values were slightly 

lower than those in plot 001 for the same stage, 

suggesting potentially lower productivity for 

this area. During the maturation phase, on 

02/03/2023, the vegetation indices began to 

decrease, with averages of 0.009 for NDVI and 

0.307 for LAI. This confirms that the indices can 

be used to monitor soybean cultivation stages. 

Figures 16, 17, and 18 illustrate the spatial 

variation of the NDVI index in plot 002 

throughout the cultivation cycle. 

 

  



DAMASCENO; MARTINS                                                                                                 Feasibility of Using Drones 

17 
Soc. Nat. | Uberlândia, MG | v.37 | e76004| 2025 | ISSN 1982-4513 

Figure 16 - Thematic image demonstrating spatial variation of NDVI and drone-captured RGB 

images in plot 002 with soybean cultivation for the 2022/23 season, between 11/04/2022 and 

11/17/2022 

 
Source: The authors (2024). 
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Figure 17 - Thematic image demonstrating spatial variation of NDVI and drone-captured RGB 

images in plot 002 with soybean cultivation for the 2022/23 season, between 11/25/2022 and 

01/20/2023 

 
Source: The authors (2024). 
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Figure 18 - Thematic image demonstrating spatial variation of NDVI and drone-captured RGB 

images in plot 002 with soybean cultivation for the 2022/23 season, on 02/03/2023 

 
Source: The authors (2024). 

 

The D and RMSE indices demonstrated 

excellent performance of the MAPIR camera for 

calculating NDVI and LAI in plot 002, with the 

D index always above 0.88 and RMSE between 

0.05 and 0.10, confirming the good fit of the 

model, similar to the results in plot 001. 

However, VARI did not show good performance 

indices in plot 002, with low values on 

11/04/2022, 11/17/2022, 11/25/2022, and 

01/20/2023, except for 02/03/2023, which showed 

R² = 0.75, demonstrating good performance. On 

01/20/2023, the performance was the lowest, 

with a drop in VARI captured by the drone 

(0.412) compared to previous stages, while 

Sentinel-2 recorded an increase (0.512), which 

may have been influenced by the 5-day 

difference between the images. Although VARI 

showed unsatisfactory results, the D and RMSE 

indices remained excellent, as in plot 001. 

Figures 19 and 20 present the spatial variation 

of VARI in plot 002 during the 2022/23 season. 

Based on these results, we decided to conduct a 

second survey in the 2023/24 season to compare 

the two surveys. 

Seven flights were conducted, but only on 4 

dates was it possible to compare with satellite 

images. On 11/21/2023, due to the presence of 

straw and bare soil, the R² values were lower, 

with R² = 0.29 for NDVI and R² = 0.28 for LAI. 

The average NDVI value recorded by the 

MAPIR camera was -0.054, and LAI was 0.268. 

During this period, the construction of the UFJ 

technology park began, occupying a small area 

within the study zone, resulting in the exclusion 

of some samples. The number of samples 

decreased from 65 to 54. 

  



DAMASCENO; MARTINS                                                                                                 Feasibility of Using Drones 

20 
Soc. Nat. | Uberlândia, MG | v.37 | e76004| 2025 | ISSN 1982-4513 

Figure 19 - Thematic image demonstrating spatial variation of VARI and drone-captured RGB 

Images in plot 002 with soybean cultivation for the 2022/23 season, between 11/04/2022 and 

11/25/2022 

 
Source: The authors (2024). 
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Figure 20 - Thematic image demonstrating spatial variation of VARI and drone-captured RGB 

images in plot 002 with soybean cultivation for the 2022/23 season, between 12/01/2022 and 

02/03/2023 

 
Source: The authors (2024). 
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On 01/16/2024, during the grain-filling 

period, the average NDVI value recorded by the 

drone was 0.087, with an LAI of 0.495, while the 

satellite values were 0.535 for NDVI and 0.787 

for LAI. The R² values were 0.66 for NDVI and 

0.62 for LAI. Although the R² values are below 

0.7, the D index was above 0.90 for both 

variables, indicating excellent performance of 

the multispectral camera compared to Sentinel-

2 images. The next available image for analysis 

was recorded on 02/09/2024, during the 

maturation and early senescence phase. The 

average NDVI and LAI values captured by 

MAPIR were 0.071 and 0.465, respectively, 

while Sentinel-2 values were 0.501 and 0.703, 

slightly lower than the previous date. This 

indicated issues in plant development, possibly 

due to irregular rainfall or soil characteristics in 

the area, similar to what was observed in plot 

002 during the 2022/23 season. Figure 21 shows, 

in the RGB composition, that plant development 

in the upper part of the plot differed from the 

lower part. 

 

Figure 21 - RGB Composition for 01/20/2023 and 02/09/2024, demonstrating development issues in 

plot 002 

 
Source: The authors (2024). 

 

During the plant maturation phase, recorded 

in the flight on 02/22/2024, the plot already 

showed progressive yellowing of the leaves. The 

average NDVI and LAI values for the drone 

were -0.011 and 0.330, respectively, while for 

Sentinel-2 they were 0.423 and 0.330. These 

values indicate a reduction in the indices 

compared to the previous date, signaling that 

the grains were in the maturation phase and 

that harvest planning could begin. Figures 22 

and 23 present the RGB images for these dates, 

along with the thematic image generated from 

the NDVI index. 
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Figure 22 - Thematic image demonstrating spatial variation of NDVI and drone-captured RGB 

images in plot 002 with soybean cultivation for the 2023/24 season, between 11/21/2023 and 

01/16/2024 

 
Source: The authors (2024). 
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Figure 23 - Thematic image demonstrating spatial variation of NDVI and drone-captured RGB 

images in plot 002 with soybean cultivation for the 2023/24 season, between 01/25/2024 and 

02/22/2024 

 
Source: The authors (2024). 

 

When comparing the correlations for plot 002 

across the two analyzed crop seasons, it is 

observed that the NDVI and LAI indices 

calculated from drone images have a lower 

correlation compared to plot 001, which showed 

superior performance. This difference is 

explained by the lack of uniformity in plant 

development in plot 002, which affects the 

results. The satellite images, such as those from 

Sentinel-2, have a spatial resolution of 10 

meters, making it difficult to capture detailed 

variations in plant development, especially in 

heterogeneous areas. In contrast, the drone 

offers more detailed resolution, making it better 

suited for such areas. 

Additionally, on all dates, the D index was 

above 0.86, indicating excellent performance of 

the drone camera for calculating NDVI and LAI. 

The only exception was on 11/21/2023, when 

exposed soil and straw interfered with the LAI 

values. The good performance is further 

confirmed by RMSE values between 0.02 and 
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0.10, demonstrating an effective fit of the model 

for these variables. 

 

 

FINAL CONSIDERATIONS  

 

 

Agricultural monitoring geotechnologies, 

particularly using drones equipped with low-

cost multispectral cameras, proved effective in 

analyzing soybean crops. The application of 

these tools enabled precise data collection on 

plant development, demonstrating the potential 

for analyses ranging from identifying planting 

gaps to monitoring crop growth cycles. 

The results revealed a strong correlation 

between vegetation indices (VARI, NDVI, and 

LAI) calculated from imagery captured by the 

rotary-wing drone and free Sentinel-2 satellite 

images. For soybean crops, the overall 

coefficient of determination (R²) exceeded 0.72 

for VARI and 0.73 for NDVI. Plot 001 stood out 

for its uniformity, with high R² values validating 

the efficacy of the geotechnologies employed. 

The study showed that NDVI exhibited greater 

robustness in advanced growth stages with 

denser vegetation, while VARI faced limitations 

in scenarios with higher crop diversity, 

particularly in Plot 002, where this diversity 

affected performance metrics.  

The collected data validated vegetation 

indices and examined how variations in growing 

conditions and soil properties influenced results. 

The findings underscore the importance of 

implementing more sustainable and precise 

management strategies to help farmers make 

informed decisions. 

The evidence presented in this research not 

only contributes to the discussion on drone 

efficacy in agriculture but also paves the way for 

future studies exploring the integration of 

diverse technologies and approaches. We 

suggest that the subsequent research should 

investigate the relationship between vegetation 

indices and soil characteristics, as well as the 

impact of pests and diseases on crops. 

The relevance of this study reflects the 

transformative potential of geotechnologies in 

agricultural practices, enabling more efficient 

and sustainable management. The results aim 

to serve as a foundation for further research and 

to empower public agencies, recent graduate 

professionals, research laboratories, small 

businesses, and small-scale farmers to adopt 

these technologies as decision-support tools. 
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