The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-7/W3, 2015
36th International Symposium on Remote Sensing of Environment, 11-15 May 2015, Berlin, Germany

GYROCOPTER-BASED REMOTE SENSING PLATFORM

I. Weber? A. Jenal*, C. Kneer®, J. Bongart? ®

a Application Center for Multimodal and Airborne Sensors AMLS, Fraunhofer Institute for High Frequency Physics and |
Techniques FHR, Joseph-Rovan-Allee 2, 53424 Remagen, Germany
— (immanuel.weber, alexander.jenal, jens.bongartz)@fhr.fraunhofer.de
b Dept. of Mathematics and Technology, University of Applied Science Koblenz, Joseph-Rovan-Allee 2, 53424 Remagen,
— (kneer, bongartz)@hs-koblenz.de

KEY WORDS: gyrocopter, environmental, agriculture, hyperspectral imager, thermal imaging, multispectral

ABSTRACT:

In this paper the development of a lightweight and highly modularized airborne sensor platform for remote sensing af
utilizing a gyrocopter as a carrier platform is described. The current sensor configuration consists of a high resolution DS
for VIS-RGB recordings. As a second sensor modality, a snapshot hyperspectral camera was integrated in the aircraft.
custom-developed thermal imaging system composed of a VIS-PAN camera and a LWIR-camera is used for aerial recort
thermal infrared range. Furthermore another custom-developed highly flexible imaging system for high resolution mu
image acquisition with up to six spectral bands in the VIS-NIR range is presented. The performance of the overall system
during several flights with all sensor modalities and the precalculated demands with respect to spatial resolution and relie
validated. The collected data sets were georeferenced, georectified, orthorectified and then stitched to mosaics.

1. INTRODUCTION function for AMLS is to provide a low-priced and flexit

carrier for our development of a high-performance
1.1 Motivation modularized sensor system for remote sensing applicatic
. ) . ) different spectral bands. Beyond that AMLS intends to e
Conventional airplanes or helicopters are widely used fofhe carrier platform with further sensor modalities to satisfy
spacious airborne remote sensing applications. In contragiemand of project partners respectively the effective use
remotely piloted aerial systems (RPAS) are an emerging trend gig acquired data like agricultural companies and so on
the lower end of investments, payload and endurance as well ggneartise of AMLS relates to sensor integration for airb
areal coverage per hour. Moreover these devices need spedg veys and if requested to preprocess the acquired
flying permissions and have to stay always in line of sight Whaﬁ'hereby there are the three procedures. First approach
reduces their reach of action drastically. In contrast a gerCODt%tegrate an airworthy system based on the existing hard
is a full-fledged participant of the general air traffic. With its ggfware framework of AMLS. The second strategy is to mc
ability to carry sensor payloads up to 100 kg for flight times URexisting sensors for flight operations and the last one
to five hours a gyrocopter perfectly fills the gap of survey areagsiom build suitable sensors for the requested task. Al
in the range of 5 to 40 Khper hour, depending on the sensors,nyroaches are described below. Furthermore new experir

used. Combined with a low acquisition price (~70.000 EUR)sansor concepts can be easily integrated and tested.
and maintenance costs between 150 and 200 EUR per flight

hour a gyro is ideally suited as an experimental platform fo
developing airborne sensor systems.
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Figure 2. Schematic overview of the general workflow

1.2 Concept mission management.

The gyrocopter which is used by the authors is a
CloudDancer Il from the manufacturer Rotortec. Its primary
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2. METHOD

2.1 System Overview

The main system is segmented in three subsystems. The fi
part is a base system that provides aircraft independent battd
power, position data from a high-precision two-channel, twdg
antenna GNSS-receiver as well as true flight level above grourgs
level (AGL) measured using a radar altimeter. Data from thig

part are forwarded to the two subsystems described below.
The second part is the flight management system (FMS). It
essential for navigating the aircraft to a preplanned area ans
emitting a trigger signal for the sensor system at precalculate
trigger points. The FMS software runs on a rugged tablet P«
that can easily be mounted in the cockpit or on a kneeboard. i
The third part consists of the sensor management system (SM ks quse=.
as well as the custom-developed and integrated sensors. Tj§
SMS controls the particular sensors and acquires the data alo
with further information about position, flight level, incident

FMS. The tailor-made control and data acquisition applicatio ,
hosted on the SMS is based on our own software framewo B o -

called AWS. Once configured and started the overall systemigure 4. Top left: On-board RGB-VIS camera mounted
runs autonomously. Feedback information about the actual stageabilization platform for permanently nadir viewing angle. '
of the system, height information of the radar altimeter as wellight: Hyperspectral imager UHD 285 integrated in an air
as a reference image that was taken at the last trigger point gteere: CloudDancer2). Bottom left: Inside view of hyperspe
displayed on a status monitor. imager UHD 285 integrated in an aircraft (here: Trojan, Wa
Aviation) owned by a partner situated in South Africa. Bot
right: Outside view of the same configuration in the Trc

gyro.
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2.3 Snapshot Hyperspectral Imager UHD 285

The second sensor modality is the Cubert hyperspectral ¢
UHD 285 (Michels et al., 2014). The advantage of sur
system is the direct acquisition of areal hyperspectral ir
information that eliminates the need of an expensive,
precision IMU that is necessary for image reconstruction
line scanner data. The spectral range of the camera is ¢
; 950 nm. The spatial resolution amounts to 2500 (50
NAV SR spectral pixel. Each pixel consists of 125 spectral channels
14-bit digitization. The integrated panchromatic refere
Figure 3. Schematic overview of the complete modularize¢hannel has a spatial resolution of 1000 x 1000 pixel. At fl

system. altitudes of 300 m AGL the swath width is about 100 m wi
hyperspectral ground resolution of 2 m per pixel.
2.2 VISRGB Camera The scope of application of the UHD 285 was primarily

intended for airborne use. Figure 5 shows the first test -
A gimbal mounted, high resolution (36 MP) DSLR Nikon with the off the shelf camera and the resulting issues.
D800e is used to acquire aerial VIS-RGB images (Figure 4kamera could only be operated in continuous acquisition r
The lens has a fixed focal length of 35mm and is very lightrherefore modifications had to be made. In order to conne
sensitive. At a typical flight level of 400 m AGL the swath camera to the SMS the manufacturer kindly integrated a
width is 411 m resulting in a ground resolution of 0.06 m. Astandard trigger line. In coordination with the Cubert Gmk
custom developed hardware connects the camera with the GN§secial software interface based on the AWS framework
system, the FMS as well as the SMS. Therefore a specific imag&tablished to control the camera and to acquire and sto

acquisition by a trigger signal is possible and the images aligw sensor data directly by the SMS (Weber et al., 2015b).
directly georeferenced in meta data and then stored on the

camera. A further integration concerning storing the image data
into the SMS is planned.
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2.5 Multispectral Imager PanX

The latest AMLS’ sensor development is based on the al
mentioned PanTIR imager. However instead of an L\
camera up to five different VIS-NIR cameras (Allied Vis
Mako G-419B NIR) can be combined with the already kn
VIS-PAN camera model (Allied Vision Mako G-419B). Ee
NIR-enhanced camera can be equipped with a custom
filter in order to select the requested spectral bands. For p
alignment of the cameras a special rack was designe
prototype system with four possible channels was created,
up and tested with a three camera setup for NDVI calcula
(Thenkabailet al., 2002). Therefore, besides the panchror
channel, a red channel (670 nm = 5 nm) and a near-ini
channel (850 nm = 20 nm) were chosen. Each camera

i B . : : = resolution of 4 MP. At a flying altitude of 300 m AGL t
Figure 5. First test flight with VIS-RGB and the hyperspectralg, oh width is about 300 m with a ground resolution of 0.
imager. A reference orthomosaic was created from the VI Ser pixel.

RGB images. From the acquired hyperspectral data the NDVI
was calculated from two 10 nm spectral bands at 670 nm and
800 nm central wavelength (Thenkabail et al.,, 2002). The
resulting NDVI images could only be matched, if possible at all,
in several image stripes and were then matched with thi
orthophoto.

2.4 Thermal Imager (PanTIR)

The PanTIR imager is a thermal imaging system that wa:
developed by AMLS after a request by a federal institute for ; 7 /
surveys in the field of hydrology. To overcome the usualrigure 7. Left: CAD drawing of a four channel, multispec
drawback of the low Spatial resolution of aerial thermal infraredmager (Panx) R|ght Assembled prototype mounted
(TIR) images, resulting from low sensor resolution (hereistabilization platform.

640x480 pixel) a dual camera setup was developed. The thermal

information is acquired by an uncooled microbolometer in the 6 Data Processing

long-wavelength infrared range (LWIR, Allied Vision Pearleye

P-030). As a second modality for acquiring high-resolutionAfter a survey flight the acquired images are georeferenc
well-structured image data a panchromatic (PAN, Allied Visionnot already happened in-flight. If a sensor module is made
Mako G-419b) VIS camera was selected. Both sensors araultiple image sensors all image frames taken at the
precisely aligned in a custom designed rack that is mounted intAgger point are fused to a multi-channel respectively
stabilization system (gimbal). After a survey flight the acquiredmulti-dimensional information file (Weber et al., 2015a). °
data sets of the two sensors are fused to multi-channel imagessulting image data can then be orthorectified
using the workflow in Weber et al. (2015a). The resultingphotogrammetric software tools and orthomosaics cat
images can be processed a lot easier with photogrammetric toglenerated. In the first instance the software Photo
as the panchromatic channel is used for image alignment amtofessional from Agisoft was selected. This tool is base
processing. The resulting transformations can then be applied toe structure-from-motion approach (SfM) (Wu, 2013; Wes
the thermal channel. et al., 2012).

3. RESULTS
3.1 VISRGB Aerial Imaging

The system was used for documentation purposes o
“Naturschutzgrol3projekt Obere Ahr-Hocheifel”.  Within -
large amount of renaturation measures some reference pi
were selected by the responsible district administration (I
Ahrweiler, Eifel). These regions were and are still monitore
AMLS by periodic survey flights. The resulting images
computed afterwards to georeferenced orthomosaics
provided to the appropriate district departments vii
geoinformation system (GIS). Figure 8 shows the result of
an accomplished documentation survey. There the clearin
artificial firs bar was mapped. In addition to that

Figure 6. Top left: CAD drawing of the PanTIR system. Top{ﬁ?ﬁéua?g:?tnsggsemhmg pond system as well as river cours

right: Assembled PanTIR system mounted in a stabilization
platform mounted on an aircraft. Bottom: PanTIR system in
flight operating in nadir angle.
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Figure 8. Generation of before and after orthomosaics for
documentation purposes. Left: Man-made firs bar that divides
two habitats of flora and fauna before clearing (September
2013). Right: Cleared area of the former firs bar (May 2014).

3.2 Hyperspectral Imaging (UHD 285)

The hyperspectral imager was tested with the CD2 carrier <(
platform. The system was then used for a test survey of different £ \g
agricultural sites as well as parts of a national park in South
Africa in cooperation with a project partner (GyroLAG). The
results of two different survey areas are shown in Figure 9. The
first row represents the panchromatic reference channel used for
mosaicking process. Based on the hyperspectral data a CIR false”
color composite (middle) and the NDVI (bottom) were — < q / - e
calculated. / W i25ec

I 15°C |
[ 18.75°C

[1225°C
[ ]26.25°C

f T .

& . Figure 10. Top: Flight plan of the surveyed area (Steinbi

Figure 9. Left: Crop field near Potchefstroom, Northwest State,SChmidthEim Elfe|) Middle: Georeferenced orthomosaic o
South Africa. Right: Part of the nature reserve BateleurPpanchromatic —channel. Bottom: Visualization of

Province Limpopo, South Africa, where a believed to be extincerthomosaic TIR image layer. Both mosaics were renderec

butterfly species was rediscovered (Mecenero et al., 2013). @ SfM tool (Agisoft PhotoScan) and then imported in QGIS.

3.3 Thermal Aerial Imaging (PanTIR) 3} LY | — L\
':%‘a=11.§z°csji
In advance of a larger surveying campaign in the field of R o : - |

[ 225°c 8
[ 12625°C

hydrology the performance of the PanTIR imager was tested |
during several flights. The results of one of those test areas are.
shown in Figure 10 and Figure 11. The selected area has a size
of 6.5 kn? and is situated next to the airfield Dahlemer Binz =
(Eifel) and contains a stone pit. Compared to the surrounding .*1":
vegetation artificial structures like dumps of waste material or
tarmacs show a well recognisable contrast. This structural |
variety makes it a suitable thermal test area. At a flying altitude |
between 1000 and 1200 m the swath width was about 825 m |
resulting in a ground resolution of 0.4 m for the VIS-PAN | r-
channel and 1.3 m for the LWIR channel. AT T~ m—
Figure 11. Magnification of the TIR image to show the ston
in more detail.
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setup by two additional channels in order to acquire mor
spectral information with a single flight. Furthermore the
wavelength ranges will be extended to SWIR, allowing the
system to be used in a broader field of application. Additionally
automatic lens correction routines and atmospheric corrections
will be integrated in the software framework of the multi-
camera setup.
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