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ABSTRACT:

To combine various sensors to get a system for fipesie became popular within the last 10 years. Metric mid format cameras
meanwhile reach the 100 MPix and entered the mapping market to compete with the big format sensors. Beside that also other
sensors as SLR Cameras provide high resolution and enter the aerial surveying market for orthophoto production or monitoring
applications. Flexibility, purchase-costs, size and weight are common aspects to design multi-sensor systems. Some sensors are
useful for mapping while others are part of environmental monitoring systems. Beside classical surveying aircrafts also UL
Airplanes, Para/Trikes or UAVs make use of multi sensor systems. Many of them are customer specific while other already are
frequently used in the market. This paper aims to show some setup, their application, what are the results and what are the pros and
cons of them are.

1. DUAL/TRIPLE MAPPING CAMERA SETUP:

Wide area mapping to generate orthophotos eithelestsg a big [ m . -_
format sensor or alternatively a setup with 2 or 3 mid-format |

cameras that can be used for ultra wide corridors. In order t
save flight lines for a mapping project in the desert area o
Sudan, a system using 3*80 MPIX Phase One IXA 180
Cameras, each with a 150 mm lens, was designed. With & !
overlap of 20% between the single images, a synthetic frame ¢

m>9

ElTEENE

mo
26.800*7.752 pixels was achieved. Thus, even bigger than th 8
upcoming DMC-3, a good image quality due to 5.2 um pixel .— _l
size can be expected. The long focal length and the sho 5
forward length result in a low vertical resolution and limit the 4
use for 3D mapping. Nevertheless for Orthophoto-productior 3
the extraction of the DTM is sufficient and gives at a GSD of 10 :f
cm an average accuracy of 32 cm in height. Figure 2: overlap-analysis of the test-area Khartoum

A key-issue was the processing of the data without any stitching
of the triplet before. Processing the single images in standard
AT software creates problems for the mathematical models to
solve identical projection centers with very different projection
angles. Even the offset-angles are known, it can cause limits in
detecting suitable tie-points. Using some actual software tools,
designed for UAVs, a first alignment was successfully solved
(e.g. Photoscan) and the results transferred then to other
adjustment softwares (e.g. Bingo).

To map the railway-corridor from Khartoum to Port Sudan the
calibration was important in order to reduce the number of
GCPs in the desert area. Using AeroDIiDOS GNSS-IMU, a
robust mounting of the cameras and a completely by the IMU
controlled stabilized mount became part of the setup. A test-
field near Khartoum was used for a calibration flight to
determine the borside angles. With an error of better than 0.5
pixels, the system was that way prepared for the final mission.

Figure 1: setup of a camera-triple with GNSS-INS
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Figure 3: Orthophbto-mosailf the Wad al Basal ar
Orthophoto and a core DTM were the final products
delivered a robust and good res

2. MULTI CAMERA FOR SEABIRD MONITORING

One system was created to support environmental monitor
very high resolution of 2 cm GSD to identify and co
seabirds. Not high accurate geometric images were majol
for this application, the optimal image quality and a big nur
of observations have been the main targeio Phase One IXA
cameras with 110 mm lens defined the optimal flight heigl
order not disturbing the birds, still to be able o fly below
clouds and to be higher than the rotors o-shore wind farms.
Both cameras makuse of FMC for the 2 cm GSD and w
mounted with only 5% overlap on a gystabilized mount. Fa:
data capturing was achieved with a special computer
designed for the fastest possible data transfer. The
accuracy of 2 cm and the attitude of ab6b degree are fir
enough for a proper gdoealization of the birds. Using
special tool preselect images with and without obj
automatically to assist the semitomated following workflow
The problem of glare effects is planned to be adjust using
a third camera in the NIR band.

In a new project the implementation of GMINS to get better
direct referenced images will help in a better image to ir
correlation especially if the NIR will be used for the gl
compensation. That way, a bettdgorithm to detect birds ¢
the images can be expected to make a automate-extraction
possible

Figure 4:Screen shot of a software interface used for sp
identification (example image show juvenile gannet)

3.

4. AGRICULTURAL APPLICATION

For the scientific research AirAgra setup for agricultural
monitoring by using modifieSLR cameras to detect the red
edge in the NIR bands has becreated. Due to financial
limitations, the system was designed most-effectively and
just equipped wh a Dual frequency GNSS receiveAs a
master camera a Rolldletric 25 MPix camera (P25) as R(
was used with addition& modified NikonSLR cameras that
captured images in NIR. In that case, metric camera was
used as a master while the others wer-registered. The
resulted accuracy in omgistration was better than 1 pi
while the relative accuracy between the images was abou!
a pixel.

The Nikon cameras use a bayer pattern whichot equally
sensitive in the NIR. Using homogeneous NIR area
balancing the Bayer pattern and the vignetting of the lense
done before entering the AT and orrectification. That way a
quantitative analysis of the chlorophyll activity was poss
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Figure 5:Setup of a metric RGB Camera and 2 modified Ni
for capturing images in the NIR red edge spec
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Figure 6: CIR image generation from the RGB Master cal
and the NIR Nikon images after-cegistration.

5. RGB AND THIR CAMERASYSTEM

Thermal sensors measure thermal emissions in the wavel
of 7.5 - 14um. The relative thermal sensitivity of such sen: 4] gdig . :
is very good while the absolute received tempere ; d AP

information is depended on many factors e.g. emiss Figure 7: Thermalimge overlaid over an Orthophoto c
surface structurethmospheric absorption.... Finally the se¢  gaytime survey for monitoring city climate. Green areas clo
for anomalies is the typical goalne sens~-combination was water bodies reduce the temperature by transpir

made for water and/or humidity detection in the environr
especially soils. The combination of a thermal sensor wit
RGB camera is not very conum because RGB is a typic
daylight camera application while Thermal data usually
captured in the nighttime. However, during daytime you
get results with a thermal camera that must be interprete:
different way. Temperature differences cai detected due to
the absorption of materials (e.g. dark soils), from the inclini
(south oriented roofs or hills) and materials that accumulate
in a specific way. Besides that, water in soils or the environ
causes heat loss due to evapo-traaspn while open wate
reacts as a huge accumulator. For the proper interpretatio
then make use of the RGB image. That way, you can ¢
humid and dry soils and also water infiltration in artific
structures (bridges...).
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6. OBLIQUE IMAGING

Oblique imaging became very popular within the last years
that way of capting images was already used since
decades. Besides architectural oblique imaging, also for
mining and other special tasks oblique images were used
long time. About 8 years ago, there was a higher reque
such data, either for homelasdeurity issues or for intern
applications as Bing, Virtual Earth, Google, city planning
others.Cameras mounted between 30 and 50 degrees off
are typically defined as obliquiith some exceptions, a cc
georeference to display the data oa dpproximate place ovel
map was sufficient. Besides that, the image quality
resolution of the cameras was poor that time. The use of
data was situated in specific segments only.

Figure 8: Oblique
Imager based on SL
Cameras

Actually we car
make use of SLI
Cameras that captu
images with 3-50
MPix that give &
remarkable resul
GGS designed &

Oblique Imaging
System based on
Nikon D800OE

cameras and 50 m
focal length. Firs
task was the
mounting  of  the
cameras under <
degee angle beside the nadir camera which is that stabil
the relative tilt angles can be used directly in the in
orientation as relatives or by using GMINS as absolute
values once the system is calibratéa.the case that the:
cameras cannot bmanaged to operate 100% simultaneot
this causes problems when using direct referencing device
that reason, a Multi Snap controller that systematically d¢
the single cameras solves this issue so that finally each e\
separated and relateo each single camera. This asynchror
device is patented and has been tested succes

Figure 9: 3D result as coloured pouioud of the DSM o
Jerusalem

The geometric result of this SLR Camera based Oblique In
is 0.6 pixels, an extreaty good result if we are aware that th
Cameras are supposed to be non metric even when cali
and that they use a focal plane shutter that cause
deviations during exposure.

The more precise way is taake use of cameras with medi
format sensorand central leaf shuti that capture images with
50-100 MPIX. Not the higher resolution only, also the pre
image geometry of such mapping cameras widened the ra
using these data for precise mapping and modelling too. Tt
of such cameraare in the field of precise 3D City models,
generate high dense DSMs with a extreme good high acc
and a high redundancy of image data in order to textur
facades. Asystem with 5 midermat cameras based on
PhaseOne IXA/IXU technology w developed. With an
integrated datamit, a robust and most accurate Sensor is
used for mapping the urban development in Taiwan. 80 |
for the nadir camera and 4*50 MPix Cameras for the 4 as
under 40 tilt angles build the basis of this senscamera
stability was the goal to achieve high reliable and accurate
for a proper 3D evaluation. The system was designed in or
fit into a standard gyramount in combination with an Applan
Pos AV GPSIMU System. AeroTopolL is used with its opt
for obligue mission planning and as FMS. Besides
calibration of Cameras, offsets, bore side angles and st
floating lever arms was a difficult task in the comg
calibration procedure. Finally, highly accurate and reliable
solution was designed.

omelykutd balazsidesktop\gerhard_new\gerhard_nadir - final

BTNGO graphies — )
Figure 10: adjustment of the Tpsints during the bundle bor
adjustment in Bing

The aero triangulation results are in the typical metric rang
1/3%of a pixel. The adjustment and use of the external airt
orientation was applied directlp each camera, which mee
not via the path of coegistration. That way a better accur:
and better error detection is possi

In Summer 2015, a complealibration flight on Zflight levels
over the GGS tedteld of Speyer was done tvalidate the
camera stability and do the complete calibration process
results are a calibration of the single cameras, the relative ¢
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of the oblique sensors to the nadir one, the absolute b
angles to the IMU and the calibration of the <e sensors.
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Figure 11: lhe remaining errors and their directions can be
on a selected camera.

e — Smardbcapture

Figure 12: lhe remaining errors and their directions can be
on a selected camera

The result has shown that the developed Shead camera is
mapping 3D Sensor.
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