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Summary 



1. Single-imager Multispectral 
Camera 



Plant Reflectance 
 



Mapir Cameras 



Survey2                              Survey3 

16MP 12MP 

1440p30 2160p24 

Up to 0.28fps (RAW) Up to 0.36fps (RAW) 

Up to 0.51fps (JPG) Up to 0.67fps (JPG) 

82° HFOV (23mm) Lens 
87° or 41° HFOV (19mm/47mm) 

Lens 

6 Filter Options 4 Filter Options 

No GPS Tags External GPS Tags (Included) 

No IMU IMU 

59 x 41 x 30 mm 59 x 41.5 x 36 mm 

47g+ 50g+ 

Max 64GB Storage Max 128GB Storage 

Starts at $400 Starts at $400 



Survey3 
 Triple-band multispectral filters 

Red+Green+NIR (RGN)  

Most popular for plant phenotyping (Survey3W) 

Indices such as NDVI, GNDVI, OSAVI, TVI, CVI, etc.  

NIR+Green+Blue (NGB).  

ENDVI index.  

 



Survey3 
 USB GPS Receiver  

 Battery (Removable Li-ion 1200mAh) 

– Optional micro USB 

 Micro SD: Up To 128GB Card 

≈ 30,000 JPG, 4,400 RAW+JPG 

 Speed photo trigger: 

RAW+JPG: 2.75 Seconds / Photo.   

 JPG: 1.5 Seconds / Photo 

 Video Resolution: 2160p24, 1440p30, 1080p60, 720p60 

 Image Resolution: 12 MegaPixel (4032 x 3024 px). 



Price 
 



NDVI analysis of an Vineyard 
 



2. Multi-imager Multispectral 
Camera 



Multispectral camera optimized for use in 
small unmanned aircraft systems.  

Also works unplugged.  

An integrated shutter button maintain geo-tagging 
and timestamping. 

 

 

 

 

MicaSense RedEdge™ 



One camera allows to perform many 
vegetation indices.  
 

MicaSense RedEdge™ Spectral Bands 



Fast capture rate  

– faster flight speeds and lower flight 
altitudes  

Single SD card stores all images 
with geotags  

Calibrated  

Rugged design  

 

MicaSense RedEdge™ 



GPS and DLS 
 Two GPS options:  

– Included module 

– Use custom GPS data 

 DLS - Downwelling Light Sensor: Measures the ambient 
light during a flight for the five bands (metadata), 

– specialized processing tools (Atlas) to correct lighting 
changes. 

– Installed on top of the aircraft, facing up towards the 
sky 

– Used in conjunction Calibrated Reflectance Panel (CRP) 

 Multiple options for integration 



Powering 



 

Technical Specification 



Wavelength  

 Band Name  
 Center Wavelength 

(nm)  
 Bandwidth (nm)  

Blue 475 20 

Green 560 20 

Red 668 10 

Red Edge 717 10 

Near IR 840 40 



Price 
USA                                      Brazil 



Detecting Weeds with MicaSense 
Atlas and RedEdge 

 Using the Weeds1 layer, which identifies 
variation in chlorophyll content. 

– Manually identifying - $525, 

– RedEdge - $250. 



Monitoring Urea Application in Rice 

Six different flights over a three-month 

 
 NDVI  

 NDRE 



3. Hyperspectral Camera 



Multispectral vs Hyperspectral 

Multispectral 

– 3 to 10 bands 

 

 

Hyperspectral 

– Hundreds or thousands of bands 



Hyperspectral Camera 
Much more detailed information. 



SOC710-GX Airborne Hyperspectral 
Imager 

 

 

Designed for UAV or small aircraft.  

Delivers real-time results  

Compact: 20 cm and less than 1,5kg 

Continuous data collection for over an hour. 

 



Technical Specification 

Spectral Coverage: 400-1000nm 

Spectral Resolution: 4.2nm 

Bands: 120 

Focal Length: Configurable 

Power: 12-VDC / 10 Watts 

Pixel size: 9.9µm x 9.9µm 

Operating Temp: 0°C … +50°C 



Hyperspectral disease signatures for 
detection of charcoal rot in soybean 

 Charcoal rot (Macrophomina phaseolina), 

 Hyperspectral imaging  

– Precise and accurate phenotypes  

– Minor differences in disease expression.  

 Spectral reflectance signatures using HSI. 

 HSI successfully differentiated symptoms 
not distinguishable through visual 
assessment. 

Jones et al., 2016 



4. Drone Radiometric Thermal 
Camera 



Radiometric thermal camera  

 Thermal infrared region 

Measure the emitted radiation. 

  Temperature of a surface (individual pixels) 

 

 

 

 



Workswell WIRIS 

Thermal camera,  

Digital camera,  

Processor unit to record radiometric data. 
 

 

 

 

Drone Thermal Camera 

 Intensity of the thermal radiation  

Workswell CorePlayer. 

 Also records radiometric video.  



Temperature Measurement 



Zoom 

– Digital camera - 16x 

– Thermal camera - 14x 

Palettes 

– 18 colour palettes 

– Isotherms 

 

 

 

 

Other functions 



GPS navigation - optional accessory.  

Coordinates, Speed, Number of satellites, Altitude, 
META data. 

 

Allows the creation of a 3D model. 

(Pix4D) 

Other functions 



 

 

 

 

Potential Applications  
Power engineering sector 
Flat roofs 
Photovoltaic power plants 
Security system 
Searching people and animals 
Pipelines 
Cultivation and Phenotyping 
Detect water stress 
Fight fires 

 



 

 

 

 

Technical Specification 



Technical Specification 



Technical Specification 



 

 

 

 

Using the UAV Thermography for 
Cultivation and Phenotyping of Cereals 
549 genotypes of wheat, 82 genotypes of 

barley and 70 genotypes of triticale  



 

 

 

 

Detection of Water Stress in Cereals 
Using the UAV Thermography 

 



 

 

 

 

Price 
 

 



Cautions 

Do not point at strong energy sources (laser 
radiation or sun). 

Effect on the accuracy  

Damage to the detector  

Do not use the camera in temperatures higher 
than +50°C or lower than -15°C. 

Maximum irradiance 100W/cm2 

Air Displacement 

 



5. Light Detection and Ranging 
-  LiDAR 

 



Light Detection and Ranging -  LiDAR 

• Pulsed laser beam and the reflection time of 
the signal from the object back to the detector 
is measured.  



 

Light Detection and Ranging -  LiDAR 



UAV LiDAR 

Relatively new technique. 

Inicially - High resolution elevation maps 

– Vegetation was considered noise   



Vegetation measurement 



LiDAR - Riegl 
 RIEGL VUX-1 

– UAS/UAV/RPAS, gyrocopter, and ultra-light aircraft. 
– Modest power consumption.  
– Data set is stored - 240 GByte SSD or real-time line (LAN-TCP/IP) 

 RIEGL VUX-1 HA (High Accuracy) 
– Terrestrial mobile data acquisition 
– Field of View of 360° 
– accuracy of 5 mm  

 RIEGL VUX-1 LR (Long Range) 
– Helicopter, gyrocopter, and other small aircraft.  
– Max. measurement range of 1,350 m 
– up to 750,000 measurements/sec.,  
– Flight altitude of up to 530m. 

 

 



VUX-1UAV Lidar Sensor Main Features: 
 

Operating flight altitude up to 300m 

 Compact (227 x 180 x 125 mm), lightweight (3.5 kg) 
and rugged 

 Easily mountable on professional UAS / UAV / RPAS 

 



RIEGL RiCOPTER with VUX-SYS 
Complete miniaturized airborne laser scanning 

system. 

The system consists of: 

– the RIEGL VUX-1UAV laser scanner,  

– IMU/GNSS system,  

– control unit  

– up to 4 optional high-resolution cameras. 



RIEGL RiCOPTER with VUX-SYS 



 3D data acquisition of a alluvial forest area.  

 An average point density of 1500 points/m2 

– Point spacing of 2.5 cm 

 Quality control confirmed an accuracy of less than 2 cm.  



6. Best Practices for 
Collecting Data  



UAV Considerations 
Multicopter Mounting Considerations 
Gimbal  

– Keep vibration to a minimum  
– Ensure the nadir.  

DLS and GPS on top of the aircraft  
– clear view of the sky.  

Fixed-Wing Mounting Considerations 
Airflow around the camera  

– cooling. 

Protected during landing.  
 



Mission Planning 

The area should be larger than the field.  

– One additional flight track.  

– Sufficient space at the end of each flight track 
(critical for fixed-wing). 



Overlap 
Sidelap: Distance between tracks,  

Frontlap: Distance between successive 
captures. 

Both of these should be configured to yield 
a 75% overlap. 



Frontlap also depends on the flight speed and 
altitude.  

The flight tracks should be oriented 
perpendicular to the rows.  

 

Speed and Altitude 



Best Time for Capture 
• Flights should be performed within two and a 

half hours of local solar noon. 



Calibrated Reflectance Panels 
• Reflectance-compensated outputs 

– immediately before and after each and every flight 

• Panel placed flat on the ground, far away from 
any objects 

• Hold the aircraft at chest level and point the 
camera to the panel 



Ambient Light Conditions 
Consistent throughout any one flight.  

Clear sunny days as well as light overcast days 
in which the ambient light is not changing are 
best.  

 



Sloped Terrain 
• Maintain altitude constant relatively to the 

slope.  

• If "terrain following" is not possible, split the 
field into multiple flights.  



7. Vehicle-based high-
throughput systems 



Vehicle-based high-throughput 
systems 



Evaluation of a field-based HT 
phenotyping plataform  

Measuring morphological and physiological 
responses of Pima cotton (Gossypium 
barbadense L.)  

Well watered and water-limited conditions 

Phenotyping plataform x aerial imagery x 
manual phenotyping.  



Vehicle-based high-throughput system 

• LeeAgra 3434 DL open rider sprayer.  

• Height clearance of 1.93 m, 

– minimal disturbance to the plants.  



Vehicle Components 
 Three types of sensors for measuring plant canopy 

height, temperature and reflectance.  

 

a) Front view of the phenotyping system, 

b) Sonar proximity sensor, 

c) Infrared radiometer sensor,  

d) GPS-RTK receiver-antenna , 

e) Multi-spectral crop canopy sensor. 
 
 
 



Vehicle-based high-throughput system 



Performance 
1. Field efficiency:  

 

 

2. Ability of the system to generate data on a 
time and area basis: 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑡𝑖𝑚𝑒 𝑢𝑛𝑑𝑒𝑟 𝑓𝑖𝑒𝑙𝑑 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑖𝑒𝑙𝑑
 

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑒𝑙𝑒𝑡𝑟𝑜𝑛𝑖𝑐 𝑑𝑎𝑡𝑎 𝑓𝑖𝑙𝑒𝑠 (𝑀𝐵) 



Correlations from Aerial and 
phenotyping system 

Temperature 

 r²= 0.75-0.82 

NDVI 

 r² = 0.61–0.62 (4 and 18 August) 

 r² = 0.35 (21 july) 

Canopy height 

 r² = 0.76–0.79 



Conclusions 
The tractor-based phenotyping system  

– Reliably acquiring and recording data  
– Much higher rates 

Opportunities to improvement.  
– Data acquisition rate  
– Number of rows monitored  

Experimental design 
– Plots are arranged in longer runs 

Data loggers have much higher sampling 
frequencies (100 Hz) than sensors (2 Hz).   

 



8. High-tech Robot 



Project 

Genomics Market 

Software 

Robot 

 500 varieties of sorghum 
 

Visual and microclimate sensors  
plant growth and physiological traits. 

A cost-benefit analysis 

Manage the robot’s data and construct a 3D 
image of each plant to predict biomass yield 

$3.1 million in funding  - U.S. Department of Energy Advanced 
Research Projects.  



Genetics team 



 



TERRA-MEPP 
 Twice each day - more than 2,500 plots 

– Operates at high speeds  

– Operates in hard conditions 

 Evaluates both row sides 

 Capture each plant, from above and below.  



Process of development 

*commercial version by 2021. 



 TerraSentia  
– 2 visual cameras,  

– Tablet app, 

– secure cloud software to store data and teach the robot. 

– At 8.5 hours charge - full workday. 

 Further customized  
GPS to enable autonomous navigation, 

Multi-spectral cameras, 

Hyperspectral cameras,  

 Stereoscopic, 

 Structured light cameras,  

 LIDAR. 

 

Commercial robot 



Price 
Small version (3D-printing) ~$4,999 

– 6,3 Kg, 

 TERRA-MEPP rover ~ $20,000 or less,  

– operating cost ~$13,000 per year,  

– return ~$38.4 million in ten years. 

 



Application 

 “Our philosophy is growers 
first,” Chowdhary 

 “We are starting to do disease 
detection as well,” added 
Soman, noting the robot’s 
ability to be inside the canopy.  

 “Our long-term dream is for 
several robots that would stay 
out in the fields. There would 
be a charging station. And they 
would report data to you,” 
Chowdhary concluded. 
 



Thank you! 
 

 Willian Giordani 
Giordani.willian@usp.br 

 


