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Outline 

 Role of UAS in Environmental Monitoring 

 

 UAS Research Facility in Wageningen and HYMSY 

 

 Precision Agriculture 

● Case studies 

● Future scenario’s 

 

 Outlook UAS as future Smart Inspectors 



T
im

e
 

hour   – 

day  – 

week   – 

month – 

quarter  – 

year  – 

decade  – 

Space 

 –
 

–
 

 –
 

 –
 

 –
 
local regional state/country continental global 

Up-/Down- 

Scaling 

Agricultural parcel: precision agriculture (farmer) 

Nature reserve: nature management (nature service) 

River catchments: flood protection (river & water board) 

Nature reserves: fire protection (forest service) 

Climate change: carbon accounting (national government) 

Invasive species 

Drought monitoring 

Biodiversity 

Climate change 

Land use 

Structural monitoring service 

Event monitoring service 

Environmental monitoring 

http://ecocast.arc.nasa.gov/content/view/74/123/
http://ecocast.arc.nasa.gov/content/view/73/122/
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Developments in sensing technology 
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http://ecocast.arc.nasa.gov/content/view/73/122/
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http://en.wikipedia.org/wiki/File:Group_photo_of_aerial_demonstrators_at_the_2005_Naval_Unmanned_Aerial_Vehicle_Air_Demo.jpg
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Why UAS: closing the gap 

Satellite 
Plane 

UAS/drones/RPAS 

Ground-based 



Why UAS: flexibility 

Close data availability gaps 

Increase 
spatial 
detail 

Courtesy: IMST 

Use the 
complete EM 

spectrum 



Objectives Research Facility: 

● Platform for dedicated and high-quality 
experiments 

● Calibration facilities and disseminating 
processing procedures to the UAS user 
community 

● Test use in range of applications like 
habitat monitoring, precision agriculture 
and land degradation assessment 

 

 

Unmanned Aerial Remote Sensing Facility@WUR 

Our pilots 

Our platforms 



Remote Sensing Science: UAS in a chain 

backward engineering 



Flight planning 

 Flight planning software  

 On the basis of GPS 

 Pilot monitors the flight, and does take-off and landing 



Soil erosion mapping 

Source: Anders et al., 2015 
(submitted) 



Hyperspectral Mapping Concept 

 Aerialtronics Altura AT8 

● Programmable autonomous 
flight 

● 2kg payload 

● 5-10 min flight time 

 Pushbroom spectrometer 

● 450-950nm  

● FWHM 9nm 

● 20 lines/s 

 Consumer RGB camera 

 GPS/Inertia navigation System 

● Accuracy: 4m / 0.25° 

Source: Suomalainen et al., Remote Sensing, 2014 
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Processing 

Datacube Radiometric 
Processing 

Datacube Geometric 
Processing 

Overview of processing chain 
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Result Experimental Field Dronten 



Field mapping with gps 

Soil scanning or sampling 

Driving path 
 optimization 

Soil preparation  
with autopilot 

Variable planting Crop protection 

Irrigation 

Variable fertilization 

Close Sensing 

Harvest with yield mapping 
GNSS  

Remote  
Sensing 

Field boundary 

Driving paths 

Soil maps 

Soil resistance 

Planting density map As applied data 

Irrigation advice 

VRA fertilization map 

Crop status maps 

Yield map 

Precision agriculture cycle 

Case 1 



Case study 1: Soil preparation 

SOM sampling points 

Estimated SOM (%) 

SOM predicted from RGB indices 

SOM observed (%) 
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Assessment of soil organic matter status 



Future scenario: environmental microscope 

UAS mapping system: 
• Quantitative modelling 
• Onboard/cloud processing 
• Communication with other 

platforms 

Soil property distribution map 
 
(also water quality monitoring) 

Rapidprobe Rtv equipped with Gps and autosteer  Homogenous management units 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.producer.com%2F2011%2F09%2Frapidprobe-doubles-soil-sampling-efficiency%2F&ei=gUzPVI_KMYKtU4CXg4gM&psig=AFQjCNGYuIA1WkeDi2LvuWdg6yundYcxPQ&ust=1422958040349445


Field mapping with gps 
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Case study 2: Crop protection 
Potato in sugar beet field 







Future scenario: team worker 

Yamaha RMax remote-controlled helicopter 

UAS mapping system: 
• Machine vision algorithms 
• Onboard/cloud processing 
• Communication with other 

platforms 

Crop protection task map 

Unmanned Ground-based Vehicle 

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https%3A%2F%2Fagribotics.blogs.lincoln.ac.uk%2F&ei=wUrPVJPfMMv1UNy9hLAM&bvm=bv.85076809,d.d24&psig=AFQjCNGpqB2LDyxiaHvla8oeZMsP-SuMRA&ust=1422957599231237


Field mapping with gps 

Soil scanning or sampling 

Driving path 
 optimization 

Soil preparation  
with autopilot 

Variable planting Crop protection 

Irrigation 

Variable fertilization 

Close Sensing 

Harvest with yield mapping 
GNSS  

Remote  
Sensing 

Field boundary 

Driving paths 

Soil maps 

Soil resistance 

Planting density map As applied data 

Irrigation advice 

VRA fertilization map 

Crop status maps 

Yield map 

Precision agriculture cycle 

Case 3 



Case 3: Crop status monitoring 

June 6 June 14 July 5 July 17 

Fertilization management potato 



Over growing season: crop monitoring 

June 14, 2013 July 5, 2013 



Precision Agriculture in Rwanda 

 

 Crop maturity monitoring in sugar cane to 
support harvest scheduling 

 Detection of smut (fungus disease) 

 Monitoring crop development to support yield 
prediction 

 Detection of crop anomalies 

 Project: Sugar make it work (Sytze de Bruin) 



Ready to be harvested 

Physiologically youngest 

Example: red-edge position vs. crop age 

Young calendar age  
but ratoon crop 

Harvested 



Future scenario: Field scout 

UAS mapping system: 
• Combining with satellite data stream 
• Automated flight path planning 
• Onboard/cloud processing 
• Communication with other 

platforms 
Green: in control 

Orange: attention required 

Red: action required 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fdrizzzzz.blogspot.com%2F2011%2F06%2Fbarn-life.html&ei=o3DPVPHQD8mvU9yTg6AL&psig=AFQjCNEQfHWuo7rN1Np2m-sDpzrPssE39g&ust=1422967305092241


Green Vision @ WUR 

 http://www.wageningenur.nl/nl/Onderzoek-
Resultaten/Projecten/GreenVision.htm 

 Food & Biobased Research (FBR), Plant Research 
International (PRI) en Wageningen UR Glastuinbouw 

 Agrofood Robotics and Machine Vision 

source: Economist 

http://www.wageningenur.nl/nl/Onderzoek-Resultaten/Projecten/GreenVision.htm
http://www.wageningenur.nl/nl/Onderzoek-Resultaten/Projecten/GreenVision.htm
http://www.wageningenur.nl/nl/Onderzoek-Resultaten/Projecten/GreenVision.htm


Remote Sensing Science: UAS in a chain 

backward engineering 



Outlook UAS as Smart Inspectors 

 From mapping to monitoring 

● Consistent signal in time (spatially and spectrally) 

● Efficient processing chains -> real-time products 

● Innovative image processing techniques required: pixel 
based -> object based including point cloud 

● Integration with satellite and ground based sensors 

 

 New UAS domains (for UARSF) 

● Forestry: canopy traits and forest structure (Suomalainen, Brede) 

● Camera systems: Thermal and lidar 

● Coastal management: Corjan Nolet and Marinka van Puijenbroek 

 

 

 

 



Sensing a changing world 



Thank you for your attention 

www.wageningenur.nl/uarsf 
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 Research <-> Commercial <-> End-users 

● Exchange/flow of knowledge 

● Sharing of protocols/best practices required 

● Sharing and exchange of facilities 

● regulatory frameworks  

 Research Network Smart Inspectors (smartinspectors.net) 

UAS in research and business: how to meet? 

RSRW 

sceme.de 

WUR 

IMST BLGG 

LWK NRW 

HSRW 

Alterra 

Terrasphere 


