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ABSTRACT:

Nowadays, Unmanned Aerial Vehicles represent a very popular tool used in dramatically wide range of applications: indeed,
their high flexibility, ease of use, and in certain cases quite affordable price make them a very attractive solutions in a number of
applications, including surveying and mapping. Despite such a wide range of uses, their usage in automatic/autonomous mode
is still restricted by the requirement of the availability of a reliable positioning and navigation system, which in practically all
the commercial solutions is represented by the Global Navigation Satellite System (GNSS). Unfortunately, the availability and
reliability of GNSS cannot be ensured in all the working conditions of interest. In particular, such condition may not hold downtown,
close to high buildings. Since this can also be an operative condition of wide interest, this paper aims at investigating the use of an
alternative positioning method that can be integrated with GNSS in order to compensate its unavailability. To be more specific, this
paper investigates the positioning performance of an Ultra Wide-Band (UWB) system when an UWB rover is attached to a drone
flying close to a building facade, whereas a set of UWB anchors are on the ground, close to the facade. The results obtained in the
case study of a building of the University of Padua show that the UWB system positioning performance is quite good (quite less than
1 meter error for most of the time) up to approximately 15-20 meters of distance from the anchors. Close to the top of the building
the error significantly increases when using an Extended Kalman filter (EKF) positioning approach, probably mostly due to the
low UWB measurement success rate at such heights and to the poor geometric configuration of the UWB network. Nevertheless, a
Gauss-Newton-based positioning strategy outperforms the EKF in such critical case, still ensuring errors at 1 meter level.

1. INTRODUCTION

The popularity of Unmanned Aerial Vehicles (UAVs) has dra-
matically grown during the last decade, and, nowadays, their
use is common in a large number of applications in several
fields, such as civil engineering, building modeling and mon-
itoring (Piras et al., 2017), environmental monitoring, forestry
(Casbeer et al., 2006), precision agriculture (Zhang and Ko-
vacs, 2012), disaster management and civil security (Maza et
al., 2011, Baiocchi et al., 2013), and mapping (Remondino et
al., 2011, Lo et al., 2015, Pepe et al., 2018), just to cite some.
Readers are referred for instance to (Pajares, 2015, Colomina
and Molina, 2014) for more complete overviews on the UAV
applications.

Given their commonly accepted utility in such a wide range of
applications, the research community has recently focused on
extending the usability of UAVs in more general scenarios, in
particular to compensate the absence or unreliability of Global
Navigation Satellite System (GNSS). Indeed, currently UAV
navigation is enabled by the presence of a GNSS positioning
system, which ensures the movements of the UAV to the correct
locations. However, it is well known that GNSS positioning is
not available, or not reliable, in a certain number of working
conditions, e.g. indoors, in urban canyons. Consequently, some
efforts have been made to develop positioning approaches able
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to substitute GNSS in such cases. Among the proposed solu-
tions to such aim, some works, similarly to this paper, have
recently considered the use of Ultra Wide-Band devices for
indoors (Tiemann et al., 2015) and other environments chal-
lenging for GNSS, in certain cases integrating UWB measure-
ments with information provided by other sensors (Zahran et
al., 2018).

Similarly to such approaches, this paper focuses on the use of
an UWB positioning system in order to properly track drone
movements close a to a building façade. This case study is of
particular interest for instance when aiming at using a UAV to
monitoring the health status of a building façade.

An UWB rover attached to the UAV acquires range measure-
ments by communicating with a set of UWB anchors distributed
on the ground, close to the building façade.

Two different strategies are used to properly process such UWB
ranges: first, an Extended Kalman filter (EKF) approach is im-
plemented to track the UAV positioning.

Then, an iterative Gauss-Newton approach is implemented to
directly iteratively solve the trilateration problem associated to
the computation of the UAV position, based on the UWB range
measurements between the rover and the anchors.

More details about the case study and the positioning methods
are provided in Section 2 and 3, respectively, whereas the ob-
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tained positioning results are shown in Section 4, and, finally,
some discussion and conclusions are drawn in Section 5 and 6.

2. CASE STUDY

This work investigates the use of an affordable UWB position-
ing system, namely Pozyx (Pozyx Labs, 2015), to assess the
position of an UAV while the latter is performing a monitoring
task on a building façade. In order to accomplish such monitor-
ing goal, the drone flies very close to the façade (≈ 1 m), and it
occasionally lingers on certain locations, if needed.

During the data collection related to the considered case study,
monitoring a building of the University of Padua, an UWB rover
was mounted on the UAV, and eight static UWB anchors were
positioning on the ground, just a few meters far from the build-
ing façade. UWB rover and anchors communicated during all
the test, collecting a set of range measurements.

Fig. 1 shows the drone used for the data collection, i.e. a DJI
Phantom 4 Pro, and the external sensors attached to it: a Pozyx
rover and an external GNSS receiver, Emlid Reach M+ (Emlid
Ltd, 2019), working in post processing kinematic (permanent
station was at less than 100 meters from the case study build-
ing).

Figure 1. External sensors attached to the drone.

Fig. 2 shows certain of the eight Pozyx UWB anchors on the
ground, close to the building façade, whereas Fig. 3 shows the
drone during the data acquisition, i.e. while flying close to the
building for monitoring purposes.

During all the flight, the UWB rover iteratively checked the
availability of new range measurements from each of the an-
chors in a loop. Eight is clearly the maximum amount of range
measurements that could be collected in a loop, however, the
rover rarely gathered more than five ranges per loop, as shown
in Figure 4.

Despite some other works already investigated the use of UWB
devices for UAV positioning, this work has the peculiarity of
testing the performance of this approach in the specific case
of flying very close to a building wall. Differently from other
working scenarios (Gabela et al., 2019), where the same devices
have shown quite good performance in terms of accuracy and
maximum range, in this case study the percentage of successful
range measurements is much lower (see again Figure 4). A

Figure 2. Pozyx UWB anchors distributed on the ground close to
the building façade.

Figure 3. Drone flying close to the building façade.

possible explanation might be the influence of the thick building
façade on the UWB measurements. Furthermore, since in this
case study all the anchors were on the ground, the geometric
UWB network configuration was particularly poor considering
the goal of assessing the UAV position (Dabove et al., 2018), in
particular when the UAV was quite far from the ground.

Such UWB measurements have been combined by means of an
Extended Kalman filter (EKF) (Masiero et al., 2019), which al-
lowed to quite effectively track the UAV movements during the
data collection. The tracking results obtained by means of the
EKF are also compared in the following section with those ob-
tained by repetitively computing the UAV positions by directly
solving a trilateration problem by means of a Gauss-Newton
algorithm.

Furthermore, the case study has been selected in such a way
to ensure that GNSS positioning was effectively working for a
significant part of the test duration (e.g. the closest buildings
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Figure 4. Number of available ranges in a loop (percentage of
the cases).

and trees were far from the considering façade, hence reducing
the potential issues on GNSS positioning in a urban environ-
ment). In particular, GNSS measurements were post-processed
exploiting the corrections provided by a permanent station very
close to the considered façade (≈ 100 m far). Hence, GNSS
measurements, in fixed working conditions, are used in this
work as a reference trajectory, to validate UWB estimates.

3. POSITIONING STRATEGIES

Two kinds of positioning strategies have been considered in
this work. Both of them aims at properly processing the UWB
ranges, despite in a slightly different way:

• First, an Extended Kalman filter (EKF) has been em-
ployed: let the state vector xk at time tk be defined as
the rover position and velocity: xk = [p(tk)> v(tk)>]>.

Then, the model xk+1 = Fkxk + ωk, where ωk is a Gaus-
sian distributed zero-mean white noise process, is used to
describe the dynamic of the drone from time tk to tk+1,
where tk+1 − tk = ∆tk+1. The dynamic matrix Fk is
defined as follows:

Fk =

[
I ∆tkI
0 I

]
(1)

The measurement equation is instead:

zjk = |p(tk)− pj |+ ξk (2)

where ξk is assumed to be a Gaussian distributed zero-
mean white noise process, whereas pj is the position of
the j-th UWB anchor.

• Differently, the second proposed approach directly com-
putes the drone position by solving the trilateration prob-
lem given the measured UWB ranges. The Gauss-Newton
algorithm is used to compute the solution of such posi-
tioning problem at each iteration of the rover positioning
algorithm. At each iteration, the Gauss-Newton takes ad-
vantage of the solution computed at the previous time in-
stant by using it as an initial solution of the trilateration
problem.

The reader is referred for instance to (Schaback, 1985)
for more details about the Gauss-Newton optimization al-
gorithm.

4. RESULTS

First, Figure 5 shows a comparison of the range measurements
between the UWB rover and one of the anchors compared with
the corresponding distances computed by means of the GNSS.

Then, Figure 6 summarizes the ranging success rate of the
UWB system as a function of the distance between anchors and
rover. It is quite apparent the significant decrease of the success
rate for ranges larger than not so much more than 10 meters.

Nevertheless, it is worth to notice that this working condition
seems to be quite peculiar of the scenario considered in this
work: indeed, in different working conditions the same UWB
system can successively perform the ranging at much larger dis-
tances.

Figure 5. Example of range measurements between the drone
and an anchor positioned on the ground (red dot marks),

compared with GNSS-based ground truth distance (blue solid
line).

Figure 6. UWB measurement success rate varying the drone
distance with respect to the anchors.

Figure 7 shows the 3D positioning error of the UWB estimates,
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obtained by means of the EKF, with respect to the GNSS refer-
ence trajectory.

Figure 7. 3D positioning error varying the drone altitude.

The error in Figure 7 increases significantly after 10 meters of
altitude. Such increase is mostly determined by large height
errors, as show in Figure 8.

Figure 8. Height component of the positioning error varying the
drone altitude.

For what concerns the Gauss-Newton-based positioning ap-
proach, Figure 9 and 10 show the obtained 3D positioning error
and the height component of such error, respectively, as func-
tions of the flying altitude.

5. DISCUSSION

The results shown in the previous section show that the EKF
approach seems to be quite effective to determine the UAV po-
sitioning up to a certain altitude, e.g. in this case study the 3D
positioning error is less or equal to 1 meter up to ten meter of
altitude (see Figure 7), approximately. Then, the height com-
ponent of the positioning error becomes quite large (Figure 8).

A first explanation for this kind of behavior of the EKF 3D po-
sitioning error is the low availability of measurements close to
the top of the building. Indeed, as shown in Figure 6, in this
case study the UWB measurement success rate decreases dra-
matically for distances larger than 10 meters from the anchors.

Figure 9. 3D positioning error varying the drone altitude
(Gauss-Newton algorithm based estimates).

Figure 10. Height component of the positioning error varying
the drone altitude (Gauss-Newton algorithm based estimates).

Since such decrease in the measurement success rate is quite
strange outdoors, it may be due to the closeness of the drone to
the building.

Despite this can be a limitation in real applications, it is worth
to notice that it can be at least partially reduced by attaching the
anchors directly on the building walls (e.g. on the windows).
Despite not implemented in this work, such option may make
the performance of the system much more effective in a real
scenario, in particular when using the drone close to quite high
buildings.

Furthermore, the above potential solution shall also have pos-
itive drawbacks on the geometric configuration of the UWB
network: indeed, the configuration considered in this work,
based just on a set of eight anchors positioned on the ground, is
clearly characterized by a quite poor geometric robustness. The
presence of additional anchors distributed on the building walls
shall quite improve the overall robustness of the UWB geomet-
ric configuration, potentially resulting in an improvement also
on the positioning results.

Despite the UWB network geometric configuration is surely
quite poor in the case study considered in this work, a possible
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motivation for the poor performance of the EKF close to the top
of the building shall also be related to the algorithm itself.

Indeed, the second proposed approach, based on the iterative
use of the Gauss-Newton optimization algorithm in order to
properly solve the trilateration problem, and hence compute the
UAV position, effectively tracks the UAV even close to the top
of the building.

Despite even in this case the 3D positioning error tends to in-
crease for larger altitudes, its peak in the considered dataset is
at approximately 10 meters of altitude, whereas then it slightly
decreases, to values not that different from those at low heights
(see Figure 9).

This is also confirmed by Figure 10, where, differently from the
EKF case, the height component of the positioning error has a
peak around ten meters of altitudes, but, in general, it does not
seem to be so much dependent on the flying height.

Overall, the Gauss-Newton approach is apparently more effect-
ive than the EKF for altitudes larger than 10 meters, whereas
for lower altitudes their performance is quite similar.

6. CONCLUSIONS

This paper showed the performance of a positioning system
based on UWB transceivers for tracking UAV movements close
to a building façade, in order to compensate the potential un-
availability of unreliability of GNSS.

In particular, it has been shown that the measurement success
rate is largely dependent on the distance between anchors and
rover, and, in this case study, it decreased dramatically fast for
distances larger than 10-15 meters.

For what concerns the positioning performance of the proposed
system: the results obtained by means of the Gauss-Newton ap-
proach apparently surpasses those of the EKF, showing a more
stable performance at almost all the considered flying altitudes.

Our future works will consider further investigations on the ro-
bustness of the UWB network configuration, in particular fo-
cusing on the potential positioning performance improvement
obtained by attaching UWB anchors also to the building walls.

Furthermore, some effort will also be dedicated to the develop-
ment of cooperative UAV strategies, hence exploiting the UWB
system also to ensure good estimates of the distance between
any two drones (such method shall be more effective than other
approaches also based on radio signals (Masiero et al., 2015)).
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