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Abstract: To explore the diurnal variations, radiometric and geometric accuracy of UAV-based data for 
precision agriculture, a comprehensive dataset was created in a one-day field campaign (21 June 2017). 
The multi-sensor data set covers wheat, barley & potato experimental fields, located in Wageningen 
University and Research (WUR) farm maintained by Unifarm. UAV-based images were collected with 
several sensors over the experimental area, starting from 7:25am and ending at 20:00pm local solar 
time. The dataset consists of images collected from 30 flights: 9 flights with senseFly multiSPEC 4C, 9 
with Parrot Sequoia, 2 with Slant Range P3, 5 with DJI Zenmuse X3 NIR, 4 with the senseFly Thermo 
Map and 1 with the RGB Sony WX-220. Additionally, validation measurements at radiometric calibration 
plates and plant sample locations were taken with a Cropscan handheld spectrometer and a tec5 
Handyspec spectrometer. The dataset consists of the validation measurements, the raw images and 
the processed orthomosaics (both with and without geometric correction). 
 
Keywords: multispectral, thermal infrared, diurnal variability, unmanned aerial vehicles (UAV), 
precision agriculture, wheat, potato, barley. 
 
1 INTRODUCTION: Multispectral and thermal sensors are becoming increasingly available for 
precision agriculture. Multiple studies refer to the capabilities of these sensors (Elarab et al. 2015; Gago 
et al. 2015; Haghighattalab et al. 2016; Holman et al. 2016; Potgieter et al. 2017; Raeva, Šedina, and 
Dlesk 2018; Sankaran et al. 2015; Shi et al. 2016; Zhang and Kovacs 2012). A few studies refer to the 
limitations and best practices, to achieve high-quality data (Aicardi et al. 2016; Assmann et al. 2018; 
Kelly et al. 2019; Maes, Huete, and Steppe 2017; Peña et al. 2015; Torres-Sánchez et al. 2013). 
However, in existing studies the emphasis is on the differences or complementary use of different 
sensors while the effect of the diurnal differences in the data is not fully explored. Moreover, there is a 
lack of freely available UAV-based datasets for testing the diurnal changes in real field conditions with 
multiple sensors. Therefore, the aim of this study is to explore daily variations in UAV-based data and 
the radiometric & geometric accuracy of multiple sensors. During a field campaign on 21 June 2017, 
three different crops were monitored:  potato, wheat and barley. UAV-based images were collected 
from 7:25am up to 20:00pm local solar time. With the results from this dataset we aim to identify best 
practices for operational use, limitations and expectations based on time of flight and between sensors. 
The dataset is freely available for download, in different levels of processing. Level 0 contains the raw 
format (images in jpeg or tif format), level 1 contains the radiometrically corrected and stitched 
orthomosaic (in georeferenced tif format), and level 2 contains the geometrically corrected mosaic (in 
tif format). 
 
2 FIELD CAMPAIGN AND DATA COLLECTED: 
2.1 EXPERIMENTAL SITE: The fieldwork took place at the experimental fields of Unifarm (Figure 1), 
Wageningen University and Research (WUR), on the 21st of June 2017. The weather conditions during 
the flights were optimal, i.e. a cloudless sky and temperature variations from 19.5 to 25.2 °C with a peak 
of 28.1°C at 15:00 pm according to data obtained from Royal Netherlands Meteorological Institute 
(KNMI) website (http://knmi.nl) (Figure 2). 

mailto:christina@aureaimaging.com
http://projects.knmi.nl/klimatologie/uurgegevens/selectie.cgi
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2.2 FLIGHT PLANNING AND SENSORS: The flight planning: the sensors used, flight conditions and 
derived outputs are provided in Table 1. We aimed for a repetition of sensors at frequent intervals. The 
specifications of the sensors used during the fieldwork are presented in Table 2. 
 
 
 

Figure 1. Hourly Temperature °C variation, source: KNMI 

Figure 2. Location of Experimental Fields, and GCPs  
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2.3  RADIOMETRIC CALIBRATION MEASUREMENTS & GROUND CONTROL POINTS (GCPs): 
For each multispectral flight, images of the sensor specific radiometric calibration target plates were 
taken before the flight. For the multiSPEC 4C and Sequoia sensors we used the Airinov and Parrot 
calibration targets. These targets are automatically detected and added to the processing workflow of 
the multispectral images (Figure 3). The ThermoMAP sensor performs an internal temperature 

Table 1. Flights Plan: sensors used, flight conditions and derived outputs 

Sensor Flight 
ID 

Start 
time 

Images 
Collected 

Wind 
(m/s) 

Flight 
Altitude 

(m) 
Multi-

spectral Thermal Modified 
NDVI RGB 

MSP4C 1 7:25 496 5 115     
Sequoia 2 7:42 412 3.7 115     
Sequoia 3 7:55 596 4 115     
MSP4C 4 8:14 456 3 115     

Thermo-map 5 8:29 1606 3 105     
MSP4C 6 9:10 460 3.2 115     
Sequoia 7 9:24 592 3 115     

Thermo-map 8 9:47 1149 3.5 105     
MSP4C 9 10:03 448 3.6 115     
Sequoia 10 10:22 296 5.5 115     

Slant Range 11 10:42 2049 3.5 120     
DJIX3 12 11:06 103 3 80     

Thermo-map 13 11:48 1157 3 105     
MSP4C 14 12:02 276 3 115     
Sequoia 15 12:15 312 4 115     
DJIX3 17 13:18 123 2 80     

Sequoia 19 14:40 818 2.5 115     
MSP4C 20 14:58 352 3.4 115     
DJIX3 21 15:15 103 3.4 80     
RGB 22 15:40 143 3.6 115     

Slant Range 23 16:00 2068 3.6 120     
Sequoia 24 16:37 792 2.4 115     
MSP4C 25 16:56 528 2.4 115     
DJIX3 26 17:10 103 2.4 80     

Thermo-map 27 17:38 1611 2.7 105     
MSP4C 29 18:10 360 2.4 115     
Sequoia 30 18:34 572 2.4 115     
MSP4C 32 19:22 360 3.2 115     
DJIX3 33 19:34 103 3.2 80     

Sequoia 34 19:59 432 3.2 115     

Table 2. Sensor characteristics   

Sensor type UAV Resolution Bands Processing 
Software 

Abbreviations 
used in Table 1  Source 

Multispectral, 
Airinov multiSPEC 

4C 
eBee 1.2 Mpx Green, Red, Red 

Edge, NIR Pix4D MSP4C multiSPEC_4C 

Multispectral, Parrot 
Sequoia eBee 1.2 Mpx (single 

bands), 16Mpx (RGB) 
Green, Red, Red 
Edge, NIR, RGB Pix4D Sequoia Sequoia 

Thermal, senseFly 
ThermoMAP eBee 0.3 Mpx Thermal Infrared Pix4D Thermo-map Thermo Map 

RGB, Sony WX-220 eBee 18.2 Mpx Red, Green, Blue Pix4D RGB dsc-wx220 
 

DJI, Zenmuse X3 
Blue-Green-NIR DJIX3 12Mpx Blue, Green, NIR Pix4D DJIX3 zenmuse-x3 

 

Slant Range, 3P DJI-
S950 1.3 Mpx Green, Red, Red 

Edge, NIR Pix4D Slant Range slantrange-3p 
 

       

http://95.110.228.56/documentUAV/camera%20manual/%5bENG%5d_2014_user_manual_multiSPEC_4C.pdf
https://www.parrot.com/business-solutions-us/parrot-professional/parrot-sequoia
https://www.sensefly.com/camera/thermomap/
https://www.sony.com/electronics/cyber-shot-compact-cameras/dsc-wx220/specifications
https://www.dji.com/nl/zenmuse-x3
https://slantrange.com/product/slantrange-3p/#mounting-kit
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calibration during the first minutes of the flight, after which it begins collecting images. The images for 
multispectral and thermal sensors were geo-tagged automatically with the onboard UAV flight 
controller’s GPS device. For geo-tagging the RGB images of the Sony WX-220 sensor, the EXIF file 
from the UAV was imported in the e-Motion Flight Data Manager (www.sensefly.com) . 
To co-register the entire dataset with high geometric accuracy we used 4 to 6 GCPs measured by an 
RTK-GPS. Figure 1 shows the locations of the GCPs and Figure 4 shows one of the GCP targets.  
For radiometric validation purposes we measured the reflectance of 14 reference reflectance plates 
(Figure 5) and 5 plant samples with a CropScan MSR87 (www.cropscan.com) (at 16:00pm) and a tec5 
Handyspec spectrometer (www.tec5.com/en/products/custom-solutions/handyspec-field) (at 08:00am, 
10:00am, 13:00pm).  
 

  

 

  Figure 3. Airinov MultiSPEC 4C and Parrot Sequoia   
radiometric calibration targets 

Figure 4. GCP target 

 

 

 

Figure 4. Reference reflectance panels  

Figure 6 shows the reflectance target locations in the experimental fields, and Figure 7 shows the plants 
in the sampling locations. After flight #3 the smaller calibrations plates (#11 to 14) were moved 
approximately 6 meters to the west. 
 
2.4 IMAGE PROCESSING & DATA STRUCTURE:The raw images were post-processed with 
Pix4Dmapper Pro software package (version 3.1.18, Pix4D SA, Lausanne, Switzerland). Pix4Dmapper 
Pro automatically recognizes the camera model and applies the necessary parameters for the model 
reconstruction. The radiometric calibration targets included in the image folder are automatically 
recognized and albedo values per band are selected automatically based on the calibration target. For 
the geometric correction, the GCPs were added to each project and marked to the images manually. 
 
Data are available per flight in a folder with a description name consisting of ‘Year-Month-
Day’_’Location’_’Sensor’_’Flight ID’_’Start Time’. Within this folder, there are three folders considering 
the different levels of processing: 

 Level 0. Raw image data, calibration plate images when applicable. 
 Level 1. Raster data, radiometrically calibrated, not co-registered. Including the .pdf 

processing report when available. 
 Level 2. Raster data, radiometrically calibrated, co-registered using GCPs. Including the .pdf 

processing report when available. 

https://www.sensefly.com/software/emotion/
http://www.cropscan.com/
https://www.tec5.com/en/products/custom-solutions/handyspec-field
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  Figure 7. Potato, wheat and barley plants in sampling locations 15, 16, 18, 19, 20. 

Figure 5. Locations of reflectance calibration targets & description 
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Figure 8. Data acquisition, processing workflow and output data 
 
The Cropscan and tec5 Handyspec measurements are saved in Microsoft Excel files (.xlsx).  
The GCPs, experimental field boundaries, and reflectance targets locations are stored in shapefile 
format (shp). 
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