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Introduction
In order to conduct adequate research on quadcopter swarms, it is
necessary to be able to determine the position and track the
movement of multiple UAVs (Unmanned Aerial Vehicles) in the
threedimensional space. For this purpose, flight arenas which
utilize an array of motion capture cameras are most commonly
used. However, this solution is very expensive and requires a high
setup and maintenance effort.
The contribution of this poster is to find and investigate a lowcost
alternative to the above approach. To do so, the system is divided
into two parts, firstly, the drones which can be modified to fit the
needs of future research on quadcopter swarms, and secondly, a
measurement system that can track precisely several such UAVs in
the threedimensional space.

Identification of a Suitable System
Considering the drones, a selection of different types have been
examined for their advantages and disadvantages. Among them,
the open source platform Crazyflie is selected as the best candidate
due to the following features:
• low motion impulse thanks to the low weight of 27 g,
• 92 mm wingspan,
• 2.4 GHz ISM (Industrial, Scientific and Medical) radio module,
• BLE (Bluetooth Low Energy) radio module,
• CortexM4 µController as flight controller,
• integrated IMU (Inertial Measurment Unit),
• complete open source platform,
• availability of various expansion modules and
• within the ecosystem of the Crazyflie, different methods of three
dimensional position tracking have been already used and
investigated in various ways.
The latest and most promising approach for the measurement
system is based on the Lighthouse base stations from HTC Vive.
This laserbased positioning system, originally developed for VR
(Virtual Reality) games, can be used for the Crazyflie drone with the
help of an extended sensor module.
The theory of operation is as follows. Each of the base stations
which are located at the edges of the flying area, emits two rotating
laserplanes. Based on the received
laser pulses by four detectors, the
UAVs calculate their absolute position.
A major advantage of this approach is
that each drone computes its position
autonomously and that the system is
easily scalable to more drones as
long as each drone has visual contact
Figure 1. A Crazyflie drone
to at least one base station.
with the Lighthouse
In total, the initial cost of the flight
positioning deck and a 3D
arena is currently around 330 € plus
printed bumper ring
280 € for each drone.

Methods of Testing the Flight Arena

Results Static Measurements

Results Hovering Dynamics Measurements

To analyse the flight arena in combination with the chosen UAVs,
several measurements are conducted.
All of them use the following experimental setup:
• Two Lighthouse base stations are mounted 1.8 m above the
ground.
• Within line of sight of the two base stations, an area of 3 ×2 ×1.5 m3
is determined for the flight manoeuvres.
• A wireless comunication link is established between drone and PC
(Personal Computer) via the Crazyradio PA dongle.
• The drone is placed on the ground in the middle of the area to
calibrate the system, setting the origin of the global reference
frame.

Figure 5. A selection of the grid measurements that were done as
part of the hovering dynamics measurements are shown. Here, the
drone hovers within a 1×1m2 area at a flight altitude of 0.5 m.

• A high level Python positioning commander sends setpoint orders
to the drone according to the conducted measurement.
• Over the same connection, the drone writes its current estimated
position every 10 ms into a logging file.
• Afterwards, a Matlab script reads the logging information and
analyses it.

Figure 3. Static measurements directly after calibration at the origin
of the world coordinate system are shown. The deviations from the
real position are due to noise during and after the calibration.

Evaluating all hovering dynamics measurements, we conclude the
following statements with respect to the Crazyflie drone:
• With the information of one Lighthouse system, the drone can
easily hold its position and perform targeted flight manoeuvres.
• The flight dynamics are so stable in hover mode that only during
10% of the flight time the distance to the set point is greater than
26 mm and only for 2% of the time greater than 40 mm.

Figure 2. One of the two
base stations that are
used within the
Lighthouse positioning
system

• An increase in the weight of the drone, e.g., through additional
equipment, slightly improves the precision of the hovering
manoeuvre.

Results Moving Dynamics Measurements
The following types of experiments are conducted:
• Static measurements:
– The drone is placed at a well known location in the global
reference system and its position is measured for 10 s.
– Goal: Determine the accuracy of the Lighthouse positioning
system without considering any dynamics
• Hovering dynamics measurements:
– The drone hovers at a certain location and its position is
measured for 10 s.
– Goal: Determine the precision of the Lighthouse positioning
system in combination with the hovering dynamics of the drone
• Moving dynamics measurements:
– The drone either flies or is manually moved on a straight line
with respect to the global reference.
– Goal: Determine the accuracy of the Lighthouse positioning
system in combination with the moving dynamics of the drone
The following table shows the amount of data that got acquired and
analysed:

Figure 4. A selection of the grid measurements which are part of the
static measurements are shown. Here, the drone is positioned within
a 1×1 m2 square at a height of 0.5 m. The results show a systematic
error that is correlated with the position of the drone. It is assumed
that this offset is due to inaccurate calibration.
Evaluating all static measurements, we conclude the following
statements with respect to the Lighthouse measurement system:
• The setup, calibration and use of the system are quite simple as
advertised by the manufacturer.
• With appropriate calibration, 90% of the measurements have a
deviation less than 0.25 mm.
• The automated calibration process produces poor results, leading
to distorted measurements between real coordinates and
measured positions.
• However, the resulting deviations are small enough to still provide
sufficient flight tracking for future research on drone swarm
behaviour.
• The entire system shows a strong instability when one of the two
base stations is minimally shifted after calibration.

For linear movements, it can be seen that deviations from the
optimal trajectory occurred during flight. The distance of the
deviation is directly correlated to the distance between the two
setpoints and can therefore be easily minimized by setting several
setpoints close to each other.

Conclusion
In summary, the Crazyflie drone in combination with the Lighthouse
positioning system is a costeffective alternative to conventional
flight arenas. It is able to log qualitative flight manoeuvres without
much effort and thanks to its almost unlimited scalability, the system
is ideally suited for swarm applications.
Only the calibration of the system seems to have room for
improvement, which is interesting for further study.
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