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Abstract. The article presents an immersive tool to support early planning stages in building
construction and town planning. It combines concepts of augmented reality technologies with
radio controlled multicopter aircrafts to visualize virtual information in direct context of the
build environment within a highly flexible operating range.
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BENEFIT AND LACKING OF AUGMENTED
REALITY
The comprehensibility of planning models and simulation results rise and fall with the availability of plausible visualizations, preferably in familiar surroundings, which is hard to achieve in outdoor scenes. Due
to the very different kinds of professions, personalities
and interests in building design, the immersive presentation of information should be a main goal of an
efficient planning and communication environment
in public processes. In Augmented Reality (AR) applications virtual objects are embedded in real life
scenarios and combined with them visually (figure 1).
AR visualizations lay a path to more intuitive
representations of virtual buildings and simulation
results, as presented in (Graf 2010) in a laboratory
setup. The technical challenges to offer augmented
reality range from localization of the camera in spatial position and orientation (6D), rendering of the
geometries from the localized viewpoint according

to the camera’s field of view, and the combination
of virtual geometries and real-world pictures before
presenting to the user.
Outdoor augmented reality applications use
motion, orientation and tilt sensors of the recording
unit in combination with its GPS module to determine
spatial position and orientation. Pattern recognition
methods can coinstantaneous interpret markers in
reality and put virtual objects at certain places of the
video stream. Necessary programming environment
for these processes are well proven and available in
open source projects [1], [2], (Billinghurst 1999).
Existing applications concentrate on presenting location-based services (LBS) of commercial
service providers and on the enhancement of social networks. Up to now the potential of AR is currently insufficiently used in planning and maintaining of buildings, even though this very scenario of
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Figure 1
Classical augmented reality
setup

providing relevant data and information of buildings
in combination with the environment, presents the
possibility of greatly enhancing information quality
for the planner. For instance, providing ad hoc visual,
textual and auditory information in direct combination with geographical location, orientation and
tilt of the respective mobile unit can allow for the
combined visualization of semantic information and
real life architecture. Simulation data, planning infrastructure and many more non-visual information
like costs or lifetime cycle data are displayed on location in the context of the actual real life building. Yet,
presently available AR applications are restrained in
their visualization of the combination of semantic
and real information to the conventional area of human movement (pedestrian point of view) and do
not allow free movement along all three-dimensional axes (bird’s eye view). Therefore the early stages of
planning and urban planning cannot profit fully of
AR’s potential.
At the same time AR applications have become
an easy to use and feasible extension to man-machine interface the potential of unmanned aerial vehicle (UAV) could be increased remarkable. Small but
capable UAVs like multicopters are now affordable,
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easy to pilot and offer software development kits to
enhance their functionality. The proposed methods
are expected to be so robust that such small UAVs
will be sufficient for the envisioned AR applications.
Concerning our requirements we concentrate our
research and development on low cost UAVs such as
the gesture controlled AR.Drone of Parrot [3].
This article presents the motivation behind the
project, goals and use cases, followed by a description of the projects approach. Then, the regarded
UAVs will be presented and the ongoing integration
into the ARToolKit framework. Next, the technical approaches of appropriate tracking is detailed, future
directions are explained, followed by a conclusion.

PROJECT GOALS AND USE CASES
In order to demonstrate the potential of flying
AR solutions for planning support the project Flying Augmented Reality (FAR) has been started at
Karlsruhe Institute of Technology (KIT). The goal
of the project is to combine robust methods and
techniques of augmented reality with multicopters as an easy to pilot and affordable UAV and
to provide thusly gained information to the planning staff of building projects. Figure 2 shows the
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principle of this concept in model scale. A multicopter with two integrated cameras is flying over
a town model scene and transfers its video stream
wireless to a laptop. The installed software analyses the scene and replaces founded markers with
a virtual building.
The planer is hereby enabled to move an imaging device at any given spatial position in the planning area and overlay the transmitted video stream
with virtual architectural objects. To achieve this,
easily identifiable markers are set in the urban space
as targets for multicopter flying up to 50 m high.
The project describes basic concepts of installation
and evaluates possible scenarios of application in
the field of architectural planning by integrating
the urban spatial context. First, we focus on the allocation of simulation data of buildings (e.g. energy
Figure 2
Illustration of AR workflow
with an unmanned aerial vehicle in model scale.

consumption, air flow simulation) and on the visualization of hidden technical facility equipment. Sample of these application are show in figure 3.

APPROACH
Main challenges of the project are the real-time localization of the video-stream based on inaccurate
or inert sensor and image recognition, and based on
this, the adapted representation of virtual buildings
or numerical simulations as AR visualizations into
the camera image. The project covers topics from architecture, computer science and mathematics, and
aims to satisfy the immediate demands for urban
planning by an interdisciplinary collaboration.
The project adresses five different working areas:
1. Evaluation of small low-cost UAVs for the envisioned FAR applications
2. Improvement of location accuracy and angle of
view of the aircraft to place AR-media
3. Concept and evaluation of an easy readable
and clearly marker system for a long distance
recognition
4. Definition and evaluation of use cases in architectural planning processes
5. Feasibility studies of collaborative scenarios
based on open source projects
Traditionally, absolute positioning for flight
path control is realized using GPS sensors, which are

Figure 3
Examples for added information based on simulations or
otherwise invisible building
information with a flying
camera.
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too inaccurate for FAR applications. Stabilized multicopters provide besides in-flight life video location
information via orientation sensors and image analysis. The quick response sensors for stabilization alone
are unsuitable for directly determining the absolute
position of the UAV. The combination of image
analysis of the life stream and the time-dependent
evaluation of the sensor data makes an exact positioning with the help of mathematic models and
optimization possible. Conventional software for the
visualization of buildings and simulation results are
not made for being embedded in real time in a video
stream. The data is therefore exported in portable
data formats, is visualized via a prototypical controlling and visualizing software using the image data
and the optimized positioning and may be used for
controlling the drone, even without GPS.

MULTICOPTER
The scope of available multicopters is high and constantly growing. Also senor technology has been
improved in the past years and makes is possible
to handle these aircrafts with a minimum of flight
experience. Today multicopters within a range from
450 € up to 10.000 € are available and have enough
capacities for architectural requirements. The advantages oft the higher price classes are GPS receivers
and the possibility to create flight paths with Google
maps and a digital video-stream. While such abilities
have unquestionable advantages, the GPS accuracy
is not sufficient for the envisioned FAR applications;
they need near pixel accuracy in the object position
in the camera projections, instead of near meter

positioning of the UAV itself. Therefore, such more
costly multicopters were not considered, but furthermore offering an alternative to GPS receivers as
second use.
In the project FAR three multicopters has been
applied and tested (figure 4):
1. Parrot AR.Drone: The AR.Drone is an easy to
control aircraft, because of its advanced software and senor supported flying characteristic. It can be controlled by Apples iPod touch,
iPhone or iPad. Drawbacks are the limitation of
altitude and a non-movable cameras [3].
2. Conrad Quadrocopter 450 arf: The Conrad
Quadrocopter 450 arf has its strengths in an
additional payload of 500g, so it is possible to
use movable cameras and addional equipment.
The manual controlling is more difficult, due to
lacking support by software [4].
3. Gaui 330x-s. Regarding its technology Gaui
330x-s is similar to Conrad Quadrocopter 450
arf, but easyer to control through activating
software support during the flight. It could be
shown that the maximum payload can be extended from 500g up to 1,000g due to modifications of the hardware [5].

IMPLEMENTATION FRAMEWORK
The project uses at the ARToolKit as an open-source
software library developed by the HIT-Labs between
1999 and 2004 [1]. The software searches in the inserted video stream for known markers. When a
marker is found the software calculates the 3D-orientation of the marker and adds to the marker the
Figure 4
Tested lowcost multicopter
models: Parrot AR.Drone [3],
Conrad Quadrocopter 450 arf
[4], Gaui 330x-s [5]
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corresponding model with the compatible orientation. Since this happens in real time, the hardware
has to met special demands. ARToolKit uses 3D models in VRML-format which as an open description language can be exported by most CAD-applications.
Due to the dependency on weather and time there
were developed two methods to visualize the buildings (figure 5):
Online - method: the multicopter flies over
a building area in which a marker is placed on the
ground. The video-stream is transmitted over radio
to a PC. ARToolKit inserts the model of the building into the video-stream and displays the modified
video-stream on an optional head-mounted-display
(HMD). The HMD has a head tracking system, so it is
possible to change the angle of the camera, depending on the posture of the users’ head.
Offline - method: The UAV flies over a building
area in which a marker is placed on the ground.
The video-stream is transmitted by radio to a
ground station and saved by the ground station
or on the camera located under the quadrocopter.
The saved video can be inserted in the ARToolKit.
ARToolKit inserts the model of the building to the
video-stream and displays the modified videostream on an optional head-mounted-device
when it occurs the second time (HMD). It is also
possible to insert a marker in a taken video (e.g.
with Adobe After Effects CS5.5) for processing using the ARToolKit. ARToolKit normally works with
printed marker so the limits are reached soon. For
an altitude of 40 meters, the marker must have a
size of 6 meters, therefore active markers are considered for improved results.

CAMERA TRACKING
In AR applications tracking is required to determine
the position and the orientation of the viewer. This is
essential for rendering computer-generated objects
both perspectival and proportionally correct and to
overlay them in the right place. In FAR the viewer is a
multicopter mounted camera. When tracking movements in an real world environment there are usually
six degrees of freedom (DOF). Three of them are the
movements along the axes of the cartesian coordinate system and three are rotations around these
axes. Most of the approaches cover less than 6 DOF
thus have to be combined with other sensors.
Lateration is to determine a position by its
distance to known points. The sine qua non in a
three dimensional space are four distances. Usually transmitters send signals from known places
and a receiver is in the position that has to be determined. By measuring the time between sending and receiving and by knowing the velocity of
propagation of the carrier medium it is possible to
estimate the distance. As a carrier medium soundand electromagnetic waves can be used. With
standard wireless network devices an error deviation of less than eight meters can be achieved
(Günther 2005). The Global Positioning System
(GPS) also uses lateration. In this case the signals
are sent by about 30 satellites. This guarantees the
reception of a minimum of four satellite signals in
every spot on our planet. Due to the long distance
and the crossing of different layers of the atmosphere the accuracy is about 15 meters. However
if the line of sight is blocked (e.g. by houses) determining the position can be impossible. There

Figure 5
Online- and Offline Method
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are some enhancement systems available that
provide a position accuracy of less than one meter
(Schildt 2008).
A pressure sensor can be used as an altimeter
because the vertical position information of GPS is
less reliable, for low altitudes also ultrasound transmitters and receivers are used for height measurements. Further sensors have to be assembled to determine the orientation.
Accelerometers and gyroscopes are devices
that measure acceleration. First ones are used to indicate an acceleration along the axes, which results
in a change of the position, and are very accurate at
measuring the earth’s gravitational force. The latter
ones are used to indicate acceleration around axis
i.e. fast changes in orientation. While it looks feasible
to determine the UAVs speed by integration of the
acceleration, the measurement errors invalidate the
results quickly. While this information may even be
used for inertial navigation over short time frames,
the errors accumulate quickly. Nevertheless, these
sensors have a high frequency and are adapted to
track fast changes over short time intervals. They
complement one another with sensors that have a
stable output over long time periods in combination
with a low frequency (e.g. GPS, solid state compasses). Besides, they do not depend on external data,
and provide reliable orientation information.
A clear line of sight is essential for optical tracking. When talking about optical tracking we will put
our focus on high level optical tracking with cameras and image processing. There are two alternatives
for positioning of the markers and the cameras: Either there are ground-based markers and a camera
on the UAV, or there is at least one marker on the
UAV and several ground based cameras. In the latter case, the ground cameras can at least determine
the accurate 3D position, and combined with orientation sensors the complete 6D position is available. But since all UAVs are equipped with cameras
and not all of them provide access to the orientation sensors, the first alternative was followed as a
more robust alternative.
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The process of computing position and orientation of the camera from frames is comparable to
drawing where it is essential for the spatial impression to get the right perspective. With optical tracking it is the other way round. In the field of view has
to be an object with known size and orientation respectively a number of spots. Both the spots and the
geometrical objects are referred to as markers. The
image of the scene with the markers and the intrinsic camera parameters are given. So the position and
orientation of the camera can be determined.
For six DOF, only a camera, a computer and four
discriminable markers are needed. Even with a movable camera no additional sensors are needed, but can
be used for additional accuracy. This configuration
can be met by low-cost multicopters. The challenge
with optical tracking in FAR is the distances and the
lighting conditions. Active lights promise a sufficient
image contrast i.e. they define distinguishable spots
in the image over long ranges. Various alternatives for
active markers are currently in evaluation.
Optical tracking combines a high accuracy with
basic equipment in a wide operation area. Apart
from the markers there is no further hardware needed. This makes it the method of choice for FAR.

ENHANCED FAR
While the ARToolKit is providing a suitable framework for AR object representations, the support for
occlusion is limited. When a 3D city model is available, occluded section may be rendered invisible for
even more plausible visualizations. This is even more
true for space filling visualization such as visualizations of urban air flow where some results should be
hidden behind other buildings. In this project, the
positioning will be used for alignment with the Karlsruhe 3D city model (Hauenstein 2009) for visualizations of urban air flow simulated using the HiFlow
software package (Anzt 2010) using adapted visualization software.
The accurate positioning of the camera projections using optical tracking is providing inflight information on the UAVs position. Using this
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information for flight planning may provide an alternative to GPS-based flight planning, especially for
low-cost UAVs as they are used in this project.

CONCLUSION
The impact and comprehension of planning models
and simulation results are strongly related to their
visual appearance. The projects approach of a novel
FAR visualization is going far beyond traditional approaches and is laying new paths for communication
in planning and research. The author’s preliminary
results show the capabilities of low-cost UAVs for
the envisioned applications, and the presentation of
exemplary visualization examples has drawn large
public interest, due to the improved accessibility of
such technical images to the general public.
Based on these experiences and the latest results, the authors will continue the assessment of various active optical markers and continue the inclusion
of the results in the ARToolKit as a first example.
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