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Oktokopter
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Components of the UAV

Frame and landing gear
Eight electric motors, propellers
Control boards

Flight control board including

- Gyroscopes

- Accelerometers

- Barometer

- Signal transmitter and
other interfaces

Navigation Control using
- GPS module and
- magnetic compass

All components as assembly kit
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Equipment for the Oktokopter

Camera mount (Pitch angle adjustable)

Digital camera (Canon IXUS 100 1S)
- CHDK = Open Source; Scripts control camera
- continuous shooting, autofocus disabled

Spektrum DX7 (Radio Control 2,4 GHz)

Bluetooth module (2,4 GHz, bidirectional
data communication)

A/V Nano transmitter (5,8 GHz, for the
transmission of the analogue video signal)

Laptop suitable for outdoor use

Components + Equipment
(without computer):
ca. 3000,- €
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Aerial survey planning Flight Planning Tool

Determination of camera parameters,
altitude, longitudinal and transverse overlap

Area specification Output of a waypoint file for
in Google Earth the MikroKopter Tool

Starting the aerial survey

Frank Neitzel Mobile 3D Mapping with a Low-Cost ~ UAV-System UAV-g Zurich, Switzerland 16 September 2011 6



3D point clouds for everyone

Automatic computation of panorama pictures
Automatic computation of point clouds

e.g. free web service MS Photosynth (http://photosynth.net)

Panorama picture of Brandenburg Gate Point cloud of Brandenburg Gate
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Webservices for external
data processing

http://photosynth.net

- Orientation
- Point cloud
- (SynthExport)

http://www.arc3d.be

- Point cloud
- Triangulated surface
- (Viewer MeshLab)

Software packages for
local data processing

(179 9$)

- Orientation, corrections
- Meshed point cloud
- Textured 3D model

(GPL)

- Orientation, Corrections
- Point cloud

(GPL)

- CMVS Clustering
- PMVS dense point cloud
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Software Comparison

Test area: Parking site, 130 m x 80 m
99 images from aerial survey with UAV

Photosynth Bundler Bundler & PMVS
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Software Comparison

Photoscan ARC3D ARC3D

Note: ARC3D was only able to model half of the test area
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Georeferencing using
signalised reference points

signalisation of reference points in the terrain,
measurement of 3D coordinates (Total station, GPS)

identification of reference points in the point cloud,
determination of 3D coordinates (CloudCompare)

3D Helmert Transformation,
e.g. with software Trans3D

Frank Neitzel Mobile 3D Mapping with a Low-Cost ~ UAV-System UAV-g Zurich, Switzerland

16 September

2011 11



o 4
=
—

Frank Neitzel Mobile 3D Mapping with a Low-Cost ~ UAV-System UAV-g Zurich, Switzerland 16 September 2011 12



HHt #

Test area for accuracy analysis
Coordinates of reference points (x) determined with SAPOS®

Coordinates of control points (-) determined with total station
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Deviation in position PMVS2 PhotoScan

Frank Neitzel Mobile 3D Mapping with a Low-Cost  UAV-System UAV-g Zurich, Switzerland 16 September 2011 14



HHt #

Y|}

Deviation in height PMVS2 PhotoScan
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Observation object

Dump in a former limestone quarry
Area with few to no vegetation
Ground slope up to 30°

Size of area about 25000 m?

Outcome:
- georeferenced 3D point cloud
- DTM to calculate the volume
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Workflow

Determination and measurement of RP

\’

Aerial Flight Planning

\’

Image data acquisition with UAV

\’

Selection of suitable images

\’

3D point cloud with Bundler/PMVS2

v

Georeferenced 3D point cloud
with CloudCompare and Trans3D

\’

Computation of DTM
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Result 1. Georeferenced 3D point cloud of the landfill
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Result 2: Color-coded DTM of the landfill

Frank Neitzel Mobile 3D Mapping with a Low-Cost  UAV-System UAV-g Zurich, Switzerland 16 September 2011 19



Y|}

Investigations have shown
Spatial data acquisition with low-cost UAV is possible
Free Software to automatically generate point clouds from images is available
Quality of the point cloud (point density, accuracy) depends on software

Accuracy sufficient for several applications

Further investigations
Improvement of the position accuracy, direct georeferencing

consistent and transparent data processing, use of quality measures

UAV systems in combination with the introduced proces S chain open
new possibilities for engineering companies at reasona ble expense
to enter the market of 3D geodata acquisition via aeria | surveys
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