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Food security and yield gaps

Major cereals: attainable yield achieved (%)
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Yield Gap = Potential Yield - Actual Yield » _é | I Nttt and rigtion mite

B 75% attainable yields achieved

a) Maize and b) Wheat

AWAEENINEEN UNIVERSITY Mueller et al, Nature 2012
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Crop growth modelling

defining factors

defining factors

+

- temperature limiting factors
- crop characteristics
* physiology, phenology

* canopy architecture

a: water
b: nutrients
* nitrogen
* phosphorus

Potential yield
N

defining factors

=+
limiting factors
+

Yield
Gap

reducing factors

- weeds
- pests \/4

- diseases
Actual yield

- pollutants

Plant breeding
Phenotyping
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Water- and/or
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Ecological functions and plant traits
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Easily measurable trait

Seed mass
others?

Vegetative height
others?

Traits of living leaves
NIRS spectrum; others?

Density, diameter
Specific length
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Overview

" Why UAVs in Plant Science?
" Towards a UAV Research Facility

" UAVs in Plant Science: case studies
® Forest ecology
e Phenotyping
® Precision agriculture

" Future developments
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Why UAVs in plant science?

Satellites

YBridging

In-situ
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Remote Sensing Science: UAV in a chain

backward engineering
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UAV and camera specs SE0MELry vegetation indices biomass, ' monitoring
System integration atmosphere ICrop reflectance  LAI, N/Chl  !task maps
Flight planning 'models (RTM) In plant,  allert services
Image quality I
I

ET, i management zones
UAV regulations | !
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Towards an operational UAV Research Facility

Objectives Research Facility: Our pilots
e Platform for dedicated and high-quality 0y

experiments

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

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

Our platforms

+ Operation Manual and Safety Management System
| GEED
LWAEENINEEN UNIVERSITY = Company exemption from \‘Ry\

wasENINGEENEEE the Dutch Aviation Authorities



Flight planning: example erosion mapping

Niels Anders and Saskia Keesstra, WU-SLM

Edit Flight plan Post processing Other 4 Retum Home | (¥[34 /| @)@ @) </(&) (20

AT S ‘..%; -~

eSOl 2

" Flight planning software
Deviation fromGCPs © ©002-002 DSM 0 700 m
" On the basis of GPS 8 v -fonial S

@® o0s-0m S o 460518

" Pilot monitors the flight, and does take-off and landing
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Hyperspectral Mapping Concept

® Aerialtronics Altura ATS8

e Programmable autonomous
flight

e 2kg payload

® 5-10 min flight time
" Pushbroom spectrometer

® 450-950nm

e FWHM 9nm

e 20 lines/s

® Consumer RGB camera

e Accuracy: 4m / 0.25°

Source: Suomalainen et al., Remote Sensing, 2014



Overview of processing chain

Datacube Radiometric

Processing
Datacube Geometric
Processing
Photo Photo
Radiometric Geometric
Processing Processing

Parametric Geocoding &
Orthorectification for Airborne
Structure from Optical Scanner Data

Motion (PARGE)
Agisoft Photoscan ¢

High Resolution Georectified

Digital Surface
Model

Hyperspectral
Datacube

RGB
Orthomosaic

WAGENINGEN UNIVERSITY
WAGENINGENDNGZEE




Result Experimental Field Dronten
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Sensors and camera’s available

Camera’s:

" HYMSY: hyperspectral line-scanner (100 bands)
" MUMSY: multi-spectral RGB-NIR: adapted Canon
" Rikola: frame camera: 16-80 bands 500-900 nm
" Sensilize Robin Eye: currently tested

" LiDAR: proposal for Riegl Ricopter approved
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Current operations: globally
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Mapping Tropical forests - Goal




Tropical forest 3D model
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Forest canopy gap detection

Sabine Rosca, Juha Suolamainen and Harm Bartholomeus, WU-GRS

Comparison with Terrestrial Lidar data: 70 - -e.-r"h\-
 UAV data are more consistent over multiple surveys
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Mapping canopy traits of tropical forests

Relevant traits

® Structure: tree
crown location,
dimension, height
variation

® Biochemistry and
pigments

® Spectral variation

® Species

o . 2 2014 Guyana
G ; Tropical forest

0) (SA02)



Using the right tools...

Octocopter + Hyperspectral camera DJI Phantom + RGB

WAGENINGEN UNIVERSITY
WAGENINGENDNGZEE




Which tools to use?

R

NDRG \ | Digital Surface Model

Logging Activities

RGB Orthophoto

" Detection of illegal logging
" Determine collatoral damage in regular logging
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Current operations: Europe
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Mapping flammability traits Scotland

Systems Ecology VU A'dam: Blauw, Aerts, Cornelissen

Relevant traits

= PV, NPV

" LAI, biomass

" Coverage, moss %
® Moisture content

WAGENINGEN Uiviv o v
WAGENINGENDNGZEE




Heathland plant traits
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Current operations NL

Applications:

" Coastal monitoring

" Habitat mapping

" Musselbank mapping

®" Forest biomass and
phenology

" Hail damage assessment |
" Precision agriculture ‘
)
" Agro experimental plots| (AN ;
[ Agro exp plots| = L
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UAVs and plant trait mapping

Bob van der Meij, Gerlinde de Deyn, Lammert Kooistra and others

GCPs critical for geometrical correction
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Field vs. UAV
based field
traits

" June 2015
" 60 Oat plots

® Statistical VI models

and PLS regression

® Field measurements

------------------

I
= |
Monocuture | = iy
s : =1
|
I
|

Van der Meij, De Deyn et al.,

Biogeosciences (in prep)
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Prediction
maps

Disturbed plots:
non-representative
sampling

85 91a 100

Van der Meij, De Deyn et al.,

Legend

Predicted leaf Chl content (REP)

Chl (g/m2 projected leaf area)
— High : 1.51
M Low 0

I Remainder of Study Area
IV ] Validation plots (n=28)

62(a) (LCC: 1.07/1.04)

s N R e
40a (LCC:0.45/0.51)

Biogeosciences (in prep)

WAGENINGEN UNIVERSITY
WAGENINGENDNGZEE
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UAVs and Plant Phenotyping: Maize

Darell van der Voort, Sander Micher and Henk Kramer, Alterra

Structure

from
Motion

Digital Surface Model

D™ profile line

NAP height in meters
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Crop Surface Model

" Total of 3838 plots
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CSM vs Lidar a

Crop Height

- High : 3,58 m

- Low:0m

0 15 30 60 20

0
- Meters
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Remote sensing and Precision Agriculture

" Precision Agriculture (PA) to reduce yield gap and
efficient use of resources:

e Good agricultural practice (agronomy)
e Spatial explicit (within field) management

e Optimal timing of fertilization, irrigation, disease
field management actions (Beza et al., 2015)

" After GNSS, (remote) sensing new revolution for PA?

e Fullfill combined spec, spat, temp requirements

31 May 11 June 23 June 5 July 14 July 19 Aug 6 Sept

WAGENINGEN UNIVERSITY
WAGENINGENDNGZEE




Potato fertilization experiment 2013
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~fl the Netherlands

Germany

Legend

®  Field location

i I:] Experimental plots

Nitrogen application rate

[ o kg N/ha
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N

A

| = . E——
0 25 50 100 150 200

Coordinate System:
WGS 1984 UTM zone 31N

Field measurements (11 obs):

" Chlorophyl: SPAD

" LAI: Licor LAI2000

" Reflectance: Cropscan MSR16

" Test approach at plot level
Source: Kooistra et al., 2013



Precision agriculture potatoes

Jacob van den Borne, Lammert Kooistra and others
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Towards integrated sensing

close sensing
+ flexible acquisition
+ active system l 17

- NOo processing
standards

— point observations

—
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Potato fertilization experiment 2013
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Field measurements (11 obs):

" Chlorophyl: SPAD

" | AI: Licor LAI2000

" Reflectance: Cropscan MSR16

" Test approach at plot level
Source: Kooistra et al., 2013
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Spectral-temporal response surface
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STRS comparison between N-levels
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From data to informed decisions

management
activity

decision rules
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Future developments: flying robots?

Biomimicry and design of UAVs
g (s g ‘\‘ —

Delfly (TUD)

From Humming Man
Project

to Drone4Agro
(onemandrone.com)

| 3 ) A
canned Ly (' T
¢! { L }‘ “‘,. i -?’Tyi'.i‘ : o N
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Thank you f% your attention
Unmanned Aerial Remote Sensing Facility
WWW.wageningen-ur.nl/uarsf
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Towards UAV research networks

Regulation
oriented platforms

Public/policy:
RPAS regulation

Open develop-

ment communities Sector platforms:
e.g., DARPAS-NL

3 " Research oriented S
esearch: orojects usiness:

Innovations and Products and
solutions services

Conferences and
workshops
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Future developments UAVs for Science

Complex field experiments

" Phenotyping: plant traits, shoot, Face experiment, Flex,
different sensors (www.phenomics.nl)

" Ecology/forestry

" New sensor: lidar

Interactive monitoring

" Precision agriculture: fusion of different sensing streams
" Environmental microscope

UAVs and robotics

" Develop innovative machine vision methods

" Autonomous UAVs?: adapt flight paths
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http://www.phenomics.nl/

Challenges for UAV based remote sensing

" Develop consistent mapping products/services
® Geometrical and radiometrical quality
e Change from pixel based to machine vision methods
e Combine strengths of different platforms

" Use strength of multi-disciplinary cooperation:
e Technical: optics, electronics, software engineering
e A broad range of applications
e Organize cooperation!

Alterra
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