UAS (& Microlight)
Applications for
Environmental Monitoring
- What are others doing? -



Everything is Environment

Intention of this presentation:
Inspirations for our discussion about

* remote sensing business ideas,
 marketable products and services,

e and networking

* in the Euregio Rhein-Waal and beyond



What is the state of art?



Example: Pablo Zarco-Tejada —
A European Pioneer in UAS

‘Quantalob =5 [AS 2 #CSIC

People MSc & PhD Theses Publications Research Projects MNews Gallery

Laboratory for Research Methods in Quantitative Remote Sensing
(Quantalab IAS - CSIC)

=
The Laboratory for Research Methods in Quant ‘-\Cu\t Lab) is
leaded by Dr. Zarco-Tejada, an a (TAS)
National Researchb quantitative methods
for rem! ‘ Interests on vegetation stress
\nst 5
detectio . ision agriculture. QuantaLab s researchers have

biophwvsical parameters, and the effects of chlorophvll fluorescence on leaf apparent

reflectance. The hyperspectral and thermal imagers currently operated by QuantalLab are

used to develop methods for successful estimation of vegetation pigment concentration,
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» News Highlight June 2013 - Severe floods in Europe
» Calendar of Events

o ) An exceptionally wet May followed by several days of

» Highlights archive intense rainfall in June led to severe floading in Central
and Eastern Europe, in particular Germany, Austria and
the Czech Republic, with the Danube and the Elbe =welling
to near 100-yvear highs. High water levels were al=o
reported in the Rhine. Up to 21 deaths were reported as a
result of these floods, with thousands of residents being
evacuated. Maorthern Spain and southwestern France were
also hit by heavy rains towards the middle of June. These
led to flash floods that killed three people, with hundreds
evacuated from their homes. The IES contributed to the
crizis management activities by monitoring and reporting on the current flood situation through
the European Flood Awareness System (EFAS).

Copernicus Emergency Management Service EFAS was developed by the IES and other research
institutes following the extreme flood events of 2002.
EFAS, which is now part of the initial operations of the
Copernicus Emergency Management Service
(EMS), provided the relevant national authorities and the
European Commission's Emergency Response Centre
(ERC) with EFAS information several days in advance.
The IRC also provides the ERC with daily =situation reports
on the flood crises as they dewvelop, integrating scientific
: .| infermaticen with impact information into products tailored
L L | for civil protection, thereby helping the authorities to
coordinate action within the EU to mitigate potential damages across borders.

http://ies.jrc.ec.europa.eu/news/500/354/Highlight-June-2013---Severe-floods-in-Europe/d,ies highlights details.html



http://ies.jrc.ec.europa.eu/news/500/354/Highlight-June-2013---Severe-floods-in-Europe/d,ies_highlights_details.html

RSPSoc and NERC Technology Cluster UAV Workshop

July 7-8th, 2011

Imaging spectrometry instrumentation for
vegetation monitoring

Pablo Zarco-Tejada (IAS-CSIC), Spain
Jose A.J. Berni (IAS-CSIC & CSIRO)
http://quantalab.ias.csic.es
pablo.zarco@csic.es

INSTITUTO DI
AGRICULTURA
SOSTENIBLE



http://www.nottingham.ac.uk/eotechcluster/documents/events/uav-sig/zarcointro.pdf
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Larger plane for longer endurance

» Longer endurance - 1.5h @ 3 kg payload

» Larger payloads 2.5h @ 1 kg payload




Larger plane for longer endurance & payload

CSIC

---------

{5 m wingspan

13.5 kg TOW
3 kg payload for 1.5 h flight



Flight Plan
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Cameras for vegetation monitoring

- RGB camera (NDVI work)
- GOOD but we need multispectral !!!

- Multispectral camera (6 narrow bands FWHM 10 nm)

- Nutrient stress detection (Cab, Car)
-> Physiological indices (PRI, F)

- Water stress detection

- Thermal camera

- Water stress detection / irrigation monitoring

- Hyperspectral imager VIS-NIR (5-7 nm FWHM)

-> All above + developing new indices / methods



Miniaturized multispectral camera (10 nm
FWHM, 6 bands, configurable) — 300 gr

INSTITUTO DE
AGRICULTURA,
SOSTENIBLE
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Thermal camera

* Thermal camera
— ARM® Cortex™-AS8 based TI system-on-chip
— USB2 LVDS data transfer
— 640 x 480 resolution




Thermal mosaic generation ranging 500-1000 ha per flight
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A micro-hyperspectral imager onboard an UAV

New objective: micro-hyperspectral imager

, v » An old dream

% » Challenging
» 3 kg weight in total

- BTN 5> Reliability /
Y J‘/ Endurance / Stability
' - » Large data volumes
stored during flight

I ITUTC i
AGRICULTURA
SOSTENIBLE



Hyperspectral Image Orthorectification
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Image orthorectification is conducted using attitude data acquired with an AHRS
instrument synchronized with the hyperspectral imager. Commercial software and
IAS-CSIC algorithms are applied in the laboratory after each flight campaign.




Vineyard fields imaged

Pure vine vegetatlon radlance spectra
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Automatic tree identification




Automatic tree identification




A quick and simple method for
submitting the products to the
end user after a flight is
conducted

(in1day!)
The person in charge of the farm irrigation may / may not
have experience on GIS software tools
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| WS 2013 in K8In:
|+ 500 ha in one campaign
~|* 3 days for analyzing data
' My assessment:
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Example: Skymaging Spain

J’%ﬁ.r e lals] SKYMAGING - PRODUCTS TECHMOLOGY MEW

SKYMAGING VERY HIGH RESOLUTION IMAGES WITH UAV FOR THE EUROPEAN COMISSION

Barcetdiigp@atshear 11, 2011. The company SKYmaging has been awarded with first tender for Wery-high resolution Image acguisition with LAY Tertuay, 11 October 20771 10025
for Joint Research Center of the European conismmm

SK¥'maging has accomplished during August the acguisition of wvery high resolution images with small UAV over two test areas of 1 kmZ each one, located in Maus=sane (Southern France).
The images has been processzed to obtain orthorectified products with the precision reguired by the Institute for Environment and Sustainability (IES). The geal is to evaluate the feasibility of
including images taken by UAM in the methodology for the control of agricultural subsidies in the EL.

[ES i= one of seven institutes that constitute the Joint Research Centre (JRC) of the European Commigsion. The mizsion of the IES is to provide scientific-technical support to the European
Union’s policies for the protection and sustainable development of the European and glokal envirenment. Furthermore, the Action supports development and testing of standardized and
sustainable control methods for the effective implementation of Common Agricultural Policy (CAP}, across the Union and in Candidate Countries.



Skymaging Agroview:
" monitoring to plant-level for high-value
B crops (orchards, vineyard and olive)

AGROVIEW - IMPROVE CROP PRODUCTIVITY

f}-:-'_ 2 5 .:-""EE:}.:" P

= -:_ e o < + Detection of water and nutritional stress in crops
32 :

o e+ Crop growth

§

Detection of pests and dizeases (Werticilium, iron chiorosis,
mildew}

= Irrigation management

b3 o+ Qualty of wine [ IMAD and CIRG rates}

http://www.skymaging.com/en/productos/agroview



http://www.skymaging.com/en/productos/agroview

Example: Geo Sense,
UAS Application in Malaysia

Utilizing Hyperspectral Imaging System in unmanned
aerial vehicle (UAV) for Agricultural/Palm Oil Analysis

Geo Sense Sdn. Bhd.

79A, Jalan Seri Impian 1 T06-03, Jin Centry Square _ t
Taman Impian Emas Block 2320 IT’ISC
81300 Johor Bahru 63000 Cyberjaya  MALAYSIA -

Status Company

ismaili@geosense.com.my
http://de.slideshare.net/flixmill/geo-sense-uav-service-unmanned-remote-sensing



http://de.slideshare.net/flixmill/geo-sense-uav-service-unmanned-remote-sensing

Geo Sense Malaysia

Products & Services

O Unmanned Aerial A GIS/ © GPS — Geo Tagging
Mapping Web GIS Mobile application



Technology Collaboration




R&D Proposal

IDENTIFICATION OF SELECTED OIL PALM CHARACTERISICS USING
DEVELOPED SPECTRAL SIGNATURE LIBRARY
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Example: UAS for
National Mapping and Cadastral Agencies

Institut fir Photogrammetrie

e

TheTUAS@LGL BW Pro" 4
“A NMCA Case Study
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The UAS@LGL BW Project —
A NMCA Case Study (2013)

Michael Cramer, Stuttgart ; Abstract:

“The flexible use of unmanned aircraft systems (UAS) in geo-
detic-photogrammetric applications has been demonstrated on
several occasions, but mostly in the private sector environment.
A proof of the suitability of this technology in the context of
national mapping was not available so far - at least in Germany.
Therefore, a pilot study of the Landesamt fiir Geoinformation
und Landentwicklung Baden-Wirttemberg - the official
mapping agency of Baden-Wirttemberg - and the Institute of
Photogrammetry at University of Stuttgart was initiated to
independently estimate the potential of UAS-based
photogrammetric data acquisition. [...]”

Presentation: http://www.ifp.uni-stuttgart.de/phowo/2013/presentations/150Cramer.pdf
Paper: http://www.ifp.uni-stuttgart.de/publications/phowo13/150Cramer.pdf



http://www.ifp.uni-stuttgart.de/phowo/2013/presentations/150Cramer.pdf
http://www.ifp.uni-stuttgart.de/publications/phowo13/150Cramer.pdf

The UAS@LGL BW Project —
A NMCA Case Study (2013)

“NMAs typically work on a national or at least
country wide level, where data are captured in
regular update intervals. This type of data
acquisition cannot be covered by current
micro/mini-class UAS. Still, there are quite some
scenarios even in national mapping, which are
covering smaller areas only and where UAS can
be used. Such governmental applications might
bein..”




The UAS@LGL BW Project —
A NMCA Case Study (2013)

cadastre, especially where direct access of land
boundaries might not be possible;

3D mapping of any smaller area, for example
change detection. This might be changes in coast
lines or cliffs, for example due to storm events,

[...]

Emergeny mapping, i.e. mapping of (local)
flooding or after landslides in mountainous areas;

monitoring, for example regular survey of flood
protection devices like river or sea dykes.




Standard-Mapping vs UAS-Mapping?

* Universitat Stuttgart




UAS Application Fields for NMAs

Survey

kadaster
Ordnance /\ IGN

Ordnance Survey Kadaster IGN
Great Britain Netherlands France

Flexible mapping — sea \erification process of Dyke surveys, more

coast/cliffs, high/low cadastral borders of general use of UAS

water surveys ownership (own UAS-camera
x XXk development)

« EuroSDR




# Universitit Stuttgart

2 LGL

LGL Baden-Wirttemberg
Germany

Land consolidation

yxx *
*EuroSDR

UAS Application Fields for NMAs

projects in BW only!
(covering ~10% of country size)




* Universitat Stuttgart

Summary

Results from pilot study UAS@LGL BW

= All requested products had been derived

= Accuracy expectations (over-)fulfilled

= Flexible & easy data acquisition (15min flight)

=  Frequent flights (photogrammetry on demand) possible (in
principle)

Use of UAS for NMAs in general
= UAS is of interest and developments are followed by NMAs

= UAS will not replace the traditional large format sensors, but will
be advantageous for local area applications

= Harmonized flight regulations throughout Europe will be the
requirement for further use of UAS in NMAs

= Find appropriate business model?

21
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Prof. Dr.-Ing. Dieter Fritsch

Address  Institut fiir Photogrammetrie
Universitat Stuttgart
Geschwister-Scholl-Str 240
70174 Stuttgart

= +49 711 685 53386
1= +49 711 685 832597
£l 4.309

= email

Head of institute

Prof. Dieter Fritsch is the head of the Institute for Photogrammetry at the Universitaet Stuttgart since 1992

He has served six years as Rector of the Universitaet Stuttgart and is the academic Co-Founder of The German
University in Cairo (GUC), Egypt. Prof. Fritsch published three hundred articles on topics of GIS,
Photogrammetry, LIDAR and Remote Sensing. He has served on steering committees in both academia and
|nu:|u5tr'_-,r and is a muu:h asked fu:ur keynnte Speaker on academlc as well as pu:uhtn:al euenta F'ru:uf Fr|t5|:h hDStS
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Fritsch et al., Deutsche Gesellschaft fur
Photogrammetrie und Fernerkundung

e Fritsch, D., Grimm, A., Kremer, J., Rothermel,
M. & Wenzel, K. (2013): Bilddatenerfassung
mit eine Gyrocopter - Erste Erfahrungen zur
"Photogrammetrie nach Bedarf". DGPF
Tagungsband 22/2013, Dreildandertagung,
Freiburg, 9 S



Summary of Fritsch et al.

,Die Bilddatenerfassung nach Bedarf (Photogram-
metry on Demand, PoD) hat sich in jungster Zeit zu
einem spannenden Thema entwickelt, nicht zuletzt
durch den Einsatz von Unmanned Aerial Vehicles
(UAVs). Obgleich die photogrammetrische Bild-
datenerfassung mit UAVs eine Losungsmoglichkeit
fur den ad-hoc Bedarf an Orthophotos und
Oberflachenmodellen zu sein scheint, sind speziell
in _Deutschland haufig  féderale burokratische
Hirden zur Erlangung der Fluggenehmigung zu
uberwinden. ,,




Summary of Fritsch et al.

»|...] Da die Hessigheim-Befliegung im Rahmen
eines Pilotprojekts UAV@LGL BW zwischen dem
Landesamt flr Geoinformation und Land-
entwicklung (LGL BW) und dem |Institut far
Photogrammetrie der Universitat Stuttgart (ifp)
durchgefihrt werden konnte, bei dem es in
erster Linie um die Erprobung von zwei UAV-
Systemen fur Zwecke der Landesvermessung
ging, war der Gyrocopter-Flug eine ideale
Erganzung.”




Summary of Fritsch et al.

»|...] Um dennoch der Nachfrage nach Produkten
der Photogrammetrie zeithah zu entsprechen,
wird in diesem Beitrag ein neues System
vorgestellt und in einem Test erprobt. Erste
Erfahrungen durch die Auswertungen des
Bildflugs Hessigheim, Baden-Wurttemberg
zeigen, dass ein bemanntes Gyrocopter-System
einer ,Photogrammetrie nach Bedarf‘ in idealer
Weise entspricht. [...]“




Example: Photogrammetry
on Demand with Gyrocopter

A perfect platform
for image acquisition

Compared to small airplanes or helicopters, \’ |
Gyroplanes have lower operational costs, light | B
weight, high load capacity and better on-flight

stahility, which make them an ideal platform for
photogrammetry on-demand
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BUSINESS GEOMATICS MARKTFUHRER

FOKUS glﬁZM.DATENERFASSUNG

Die Alternative zu UAVs

aerometrics

Mikro-Mapping-Losung steigt auf

mehr... Tragschrauber wurden bereits 1923 erfunden. Aufgrund ihrer

Konzeption eignen sie sich besonders gut fir die Vermessung aus ASCENGINGT
fgg;“nf:;t:"mim" um der Luft, wie die Firma IGI in Pilotprojekten unter Beweis stellen
mehr... konnte.

Tragschrauber, auch Gyrocopter oder Tragfligler genannt. sind Flugobjekte,
bei denen die Rotoren nicht durch einen Motor, sondern sautomatisch Gber
die Flugbewegung angetrieben werden. Der Motor bewegt lediglich den
horizental angebrachten Propeller, der fir die Geschwindigkeit sorgt.
Aufgrund dieser konstruktiven Besonderheit sind die Fluggerate leicht,
besitzen dennoch eine hohe Traglast und haben geringere Betriebskosten,
verglichen mit Kleinflugzeugen oder Hubschraubern. In den letzten Jahren
haben sie im Hobbybereich viele Freunde gefunden. Da sie sehr stabil und
ruhig in der Luft liegen, eignen sie sich aber auch ausgezeichnet fur die
Vermessung kleinerer Gebiete, die speziell in Auftrag gegeben werden
k&nnen. Dieser sogenannten Bilddatenerfassung On-Demand wird sin grofes
Zukunftspotential zugeschrieben.

Drohnen-Eingatz fur Baummodelle
mehr...

CENALO

4 Zur Artikelauswahl

Der Sensor- und
Vermessungsspezialist IGI hat

daher im letzten Sommer - —
. EIGHT » TECH
einen Tragschrauber von A B

Auto-Gyro (Modell MTOsport],
ainem der weltweiten
Marktfohrer fir Gyrocopter aus
Hildesheim, mit einer
Luftbildkamera (DigiCAM-30)
ausgerdstet, einer
Mittelfarmatkamera, die IGI
speziell fir den Bildflug

}HEFII[]E

Einfacher Transport: Per mobilem Hangar werden die
Gyrocopter an den Bestimmungsort transportiert.




CAVALON Aerial Survey

The altemnative to UAV. Gyroplanes have been invented in the year 1923. Due to their design, they
are particularly good for aerial surveys and there are no regulations as with UAVs.
IGI offers three standard configurations. Please contact us for customized solutions.

/’_ N Guidance & Sensor Management: CCNS-5
ﬂ‘O‘ ﬁ\ GNSS/IMU-System: AERCcontrol ' CHIl
Digital Camera: DigiCAM-40/50/60 L mms |
en gfam Stabiised Mount - *
- ~r

el
/;-(\er\'if; Guidance & Sensor Management: CCNS-5
\}

GNSS/IMU-System: AEROcontrol

va%ﬁan Digital Camera: Hﬁﬂﬂﬁl—#ﬂiﬁﬂiﬁﬂ - e b '
Airborme Laser Scanner: LitelMapper i
. ~F



/"C;! \\\{\g Guidance & Sensor Management: CCNS-5

E GNSS/IMU-System: AEROcontrol
w Digital Cameras: DigiCAM-40/50/60
(x1 nadir, x4 oblique)

Cavalon Aeral Survey with poriable hangar.



CAVALON Aerial Survey in the airbome laser scanning variant:

AEROcontrol & DigiControl
GNSS/IMU Computers (positioning system) & Data Storage
AEROcontrol IMU /
Inertial Measurement Unit I,-"
|II
- CCNS-5
5 ' ' Guidance &

Sensor Management System

- [ S
o

3 b!- r ':-'-

--k r

gl L

- P - '

i
Cr

.H.‘aa il

DrigiCAM

Airbome Camera System available with 40 to 80 megapixel frame sensor. Both color
images (RGB) and color-infrared (CIR) images are available. A wide range of lenses (28 -
A00mrm) ensures the optimal swath width and altitude for your projects.

LiteMapper
Airbome Laser Scanner System for DSM and DT generaticn.
IGI mbH
+49 (0)2732 55250 info@igl-systems.com Langenauer Str. 46
27223 Kreuztal

+49 (0)2732 5525-25 www.igi-systems.com Germany



Example 2: Fraunhofer Application Center
at Koblenz Univ. of Appl. Sci. (AMLS)

e KOBLENZ

= ; UNIVERSITF OF APPLIED SCIENCES
B RheinMoselCampus

» Home

RheinMoselCampus » Sitemap _ -
» FH-Shop Schrift: A A A

Hochschule | Fachbereiche Forschung & Transfer | Internationales (EGiGER=aul--00 Fontakt ma m

Info & Services

Freitag 25.01.13
271 Tage

Fraunhofer-Anwendungszentrum am RheinAhrCampus der Hochschule Koblenz
¥» Bewerbungsunterlagen eroffnet

» Beratung

» Studierendenwerk Die Hochschule Koblenz hat sich der praxisorientierten Lehre verschrieben und macht zudem
mit bemerkenswerten Aktivitdten im Bereich der angewandten Forschung von sich reden. Nun

Fard Sglichkeit . .
s konnte gemeinsam mit der Fraunhofer-Gesellschaft am Hochschul-Standort Remagen das

» Aktuelles LAnwendungszentrum fiir multimodale und luftgestiitzte Sensorik (AMLS)” eriffnet werden.
_ Das Fraunhofer-Anwendungszentrum am RheinAhrCampus ist eines der ersten seiner Art in
m  Archiv Deutschland und ist als Abteilung an das Fraunhofer-Institut fiir Hochfreguenzphysik und

Radartechnik (FHR) in Wachtberg angebunden.

¥ Kinder-Uni

» Presse- und

Sffentlichlaitearbeait Ziel der Arbeit des Anwendungszentrums ist es, basierend auf

einem Tragschrauber sine fliegende Sensorplattform zu
entwickeln, die insbesondere fir Fernerkundung in den Bereichen
Land- und Farstwirtzschaft sowie fiir zivile Beabachtungs- und
Umweltiberwachungsaufgaben eingesetzt werden =soll. Der

. Tragschrauber konnte van der Hochschule im Jahre 2011 im
Rahmen eines Grolgerdteantrages bei der Deutschen
Forschungsgemeinschaft (DFG) angeschafft werden.

¥» Terminkalender

» Anreise

»  Freizeit

¥» Hochschulsport
Bereits zum 1. Movember 2012 nahm das AMLS seinen operativen

Press Release 2013-01-25
e ——_————— Betrieb auf. Das neu gegrindete Anwendungszentrum leitet Prof.

Prof. Dr. Jens Bongartz stellt das Projekt  Dr. Jens Bongartz, der bis Ende f&ugust 2012 das Amt des



Gyrocopter financed by DFG, 2011




Fraunhofer Anwendungszentrum fur
multimodale und luftgestiitzte Sensorik (AMLS)

Fraunhofer Application Center
for Multimodal Airborne Sensors

Founded 2012-11-01

Fraunhofer-Institut fir Hochfrequenzphysik
und Radartechnik (FHR), Wachtberg (Bonn)
& Hochschule Koblenz, Ahrweiler

FHR was FGAN before,
lead by Bundeswehr (German army)

Civil applications, e.g. agriculture & forestry



AMLS Example:
Environmental Monitoring Project

* Press release 2013-06-20

* Major nature conservation project
e Ahr sub-catchment

e 3300 ha

* Renaturation

 Hyperspectral imaging & high res. photography

http://www.rhein-zeitung.de/region/lokales/bad-neuenahr artikel,-Kamera-spaeht-von-
oben-aufs-Ahrtal- arid,612412.html



http://www.rhein-zeitung.de/region/lokales/bad-neuenahr_artikel,-Kamera-spaeht-von-oben-aufs-Ahrtal-_arid,612412.html
http://www.rhein-zeitung.de/region/lokales/bad-neuenahr_artikel,-Kamera-spaeht-von-oben-aufs-Ahrtal-_arid,612412.html
http://www.rhein-zeitung.de/region/lokales/bad-neuenahr_artikel,-Kamera-spaeht-von-oben-aufs-Ahrtal-_arid,612412.html
http://www.rhein-zeitung.de/region/lokales/bad-neuenahr_artikel,-Kamera-spaeht-von-oben-aufs-Ahrtal-_arid,612412.html
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Example OLGA:
Observational Light Aircraft for
Geophysical Applications




The Bad News

AutoGyro MTQOsport:
55.000,- EUR

Modifications (transponder,
constant speed propeller)
6000,- EUR

Gyrocopter-Trailer:
4500,- EUR

Training for gyrocopter
license: 8000,- EUR

Application for radio
frequency: 130,- EUR

Duration: 1500 h — 3000 h

Official licensing (DULV):
100,- EUR

Flight Clothing:

- Helmet: 350,- EUR

- Overall: 225,- EUR

A gyrocopter needs about
15 liters of petrol per hour!

Insurance per year:
4.000,- EUR

Rent for aircraft hangar
per month: 180,- EUR

Annual inspections have to
be done: 340,- EUR
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AutoGyro MTOsport: e Rent for aircraft ha
55.000,- EUR per mM
Duration: 1500 h—3000h ¢ Traini r

Bad News again: It is a , Luftsportgerat”!
The Bezirksregierung NRW does not like
commercial application.

60 100,- EUR
In er year: * Annual inspections have to
4.000,- EUR be done: 340,- EUR

Gyrocopter-Trailer: * Flight Clothing:
4500,- EUR - Helmet: 350,- EUR
- Overall: 225,- EUR




Conclusion: Complementary Tools

Mesa mbH / Spin Off ?

Alterra

Netteverband Terrasphere



Summary

UAS: State of the art

UAS: Skymaging Spain

UAS: Geo Sense Malaysia

UAS: Nat. Mapping and Cadastral Agency BW
Gyro: WekuFly / 1GI

Gyro: Fraunhofer AMLS

Gyro: OLGA




Conclusions

A global hype because of reduced prices

Many business ideas popping up all over the world
Basic ideas:

— Sensors

— Platforms

— Services (flight + data hosting + final maps)

— Continuous or singular operation

Some survive, some don’t. Why?

Real costs?

Real regulations?
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