2019 19th International Conference on Control, Automation and Systems (ICCAS 2019)
Oct. 15~18, 2019; ICC Jeju, Jeju, Korea

Development of Confidence Bound Visualization Tool for LTE-Based UAV Surveillance in
Urban Areas
Halim Lee1,2, Taewon Kang1,2, and Jiwon Seo1,2*
1

School of Integrated Technology, Yonsei University,
Incheon, 21983, Korea (halim.lee, taewon.kang, jiwon.seo@yonsei.ac.kr)
2
Yonsei Institute of Convergence Technology, Yonsei University,
Incheon, 21983, Korea
* Corresponding author

Abstract: We have developed a tool to visualize a situation of estimating the positions of unmanned aerial vehicles
(UAVs) using long-term evolution (LTE) signals in an urban area. In our visualization tool, true positions of UAVs and
evolved Node Bs (eNodeBs), estimated positions of UAVs, and the calculated horizontal and vertical protection levels
(HPLs and VPLs) are displayed in a 3D city map. For a realistic simulation, the 3D city map is generated using real
buildings and terrain data of Gangnam, Seoul, Korea. Users can directly specify the locations of UAVs and eNodeBs to
simulate these cases. Error variances are added to the true range between UAVs and eNodeBs in the developed tool. Next,
the position and the HPL and VPL of each UAV are calculated and displayed on the map. Using the developed
visualization tool, we observed changes in the estimated positions and confidence bounds of UAVs by adjusting the
number of eNodeBs transmitting LTE signals. Simulation results show that the size of confidence bounds decreases as
the number of eNodeBs increases.
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1. INTRODUCTION
Recently, as demand for unmanned aerial vehicles
(UAVs) has increased in the private industries [1, 2], the
need for unmanned aircraft system traffic management
(UTM) has emerged [3]. UTM is a system that manages
the flight paths and operations of small UAVs within 150
m of ground in low-altitude airspace [4]. In a UTM
system, the development of a reliable navigation
technology is actively studied to support safe and
efficient operation of UAVs [5–8]. The navigation
technology can be used in situations such as collision
avoidance [9] and electronic toll collection (ETC) [10].
As an example of a navigation system, the global
navigation satellite systems (GNSSs) such as the Global
Positioning System (GPS) provide accurate position and
timing information [11–17]. However, in some
challenging areas, because of the weak signals of GNSS
and environmental problems, it is necessary to develop
other navigation systems that assist GNSS. Accordingly,
alternative navigation technologies such as long-range
navigation (Loran) were studied for maritime navigation
[18, 19].
For use in urban areas, navigation system using
cellular signals has advantages of high signal strength
and geometric diversity [20]. Consequently, many
studies using long-term evolution (LTE) downlink
signals have begun to emerge [21–23]. In recent studies,
the positioning accuracy using LTE signals was reported
at the meter level [24, 25].
In this study, we developed a visualization tool to
display the horizontal confidence bounds, also known as
horizontal protection levels (HPLs), of LTE-based
positioning solutions for the surveillance of UAVs in a
realistic 3D city map to support the management of the
traffic of UAVs in urban areas. Furthermore, we

displayed the vertical protection levels (VPLs) derived
from the pseudorange error variances of both barometric
altimeter [26] and LTE signals [23, 24]. In our tool, we
created a map of an actual urban area, Gangnam, Seoul,
Korea. Users can place the Evolved Node Bs (eNodeBs)
and UAVs on the map and simulate the various
deployments. As a result of the simulation, the true and
estimated positions, HPLs, and VPLs of UAVs are
visualized on the map. In this paper, we conducted a
simulation while adjusting the number of eNodeBs.
This paper is organized as follows: Section 2
introduces the calculation method of the HPL and VPL.
Section 3 describes the settings, such as map generation
and placement of eNodeBs and UAVs, for simulation.
Section 4 shows the simulation results achieved by
changing the number of eNodeBs. Finally, in Section 5,
we concluded the paper.

2. PL CALCULATION METHOD
The VPL and HPL are computed using methods
described in [27, appendix J]. In addition, we utilized the
method used in [26] for the addition of external altitude
measurements from barometric altimeter. It is assumed
that LTE signals are used to calculate the HPL, and both
LTE signals and barometric altimeter are used to
calculate the VPL.
In fault-free case, the HPL and VPL can be derived
from two steps [28]: converting pseudorange domain
variance to position domain variance, and scaling
position variance as per the integrity requirement.
2.1 Conversion to position domain variance
We assumed the pseudorange error from the th
eNodeB or barometric altimeter as zero mean, normal

distribution. The position error variance for each
direction can then be expressed as follows. (The
equations in this subsection are adapted from [27,
appendix J]. We modified the equations in [27] to
consider a barometric altimeter measurement according
to [26].)
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We generated the 3D map of an urban area in
Gangnam, Seoul, Korea using the method proposed in
[29]. We used a 3D elevation model and building data
from the VWorld’s open application programming
interface (API) [30].
We decided the location of the eNodeBs and UAVs on
the East-North-Up (ENU) coordinate system based on
the center of the intersection of Gangnam Station. The
ENU coordinates of each eNodeB and UAV selected for
the simulations are shown in Tables 1 and 2, respectively.
Furthermore, Fig. 1 shows the positions of eNodeBs and
UAVs on the map.
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2.2 Scaling to integrity requirement
The probability of missed detection of a misleading
information (MI) event is defined as
. Next, we
obtained a factor
corresponding to the probability
from the standard normal distribution. The formula for
and
are expressed in Eqs. (8) and (9)
obtaining
[27].
= Φ (1 −

In Eqs. (8) and (9), Φ denotes the cumulative
distribution function (CDF) of the standard normal
distribution. The subscript
and
refer to horizontal
and vertical, respectively.
As a result, we obtained HPL and VPL using following
equations:

3. SIMULATION SETTINGS
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Fig. 1 Positions of eNodeBs (blue circles) and UAVs
(red stars) on map

Fig. 2 Top view of simulation results with eNodeB numbers ranging from 1 to 4 (left), 1 to 6 (middle), and 1 to 8 (right).
Red and green dots indicate the true position and estimated positions of UAVs, respectively. Yellow cylinder indicates
confidence bound of each UAV position, for which the radius is HPL and half of the height is VPL.

\

Fig. 3 Side view of simulation results with eNodeB numbers ranging from 1 to 4 (left), 1 to 6 (middle), and 1 to 8
(right). Red and green dots indicate the true position and estimated positions of UAVs, respectively. Yellow cylinder
indicates confidence bound of each UAV position, for which the radius is HPL and half of the height is VPL.

Table 1 ENU coordinates of eNodeBs (unit:
eNodeB
Number
1
2
3
4
5
6
7
8

x

y

z

−119.55
80.70
102.29
−58.40
42.33
−137.54
−39.21
44.73

148.92
153.72
31.41
−15.36
41.00
72.18
168.11
−22.55

78.57
64.21
30.23
92.25
118.47
91.73
102.51
160.39

Table 2 ENU coordinates of UAVs (unit:
UAV
Index
1
2
3
4
5

)

)

x

y

z

0
−20
75
−75
−50

−42
50
100
25
100

60
80
100
70
90

Standard deviation of pseudorange error from LTE
signals are assumed as
= 2. 8959 (m). This value
is the average variance of LTE pseudorange errors in the
literature (Table 4 of [24]). In addition, we determined
pseudorange error variance from barometric altimeter
= 11.7275 (m) with reference to [26]. We also set
both
and
values to 10 in the simulation. The
estimated positions of the UAVs were calculated using
the recursive least-squares (RLS) algorithm that is
introduced in [31].

4. SIMULATION RESULTS
Figs. 2 and 3 show the example of HPL and VPL
calculation results and the estimated positions of each
UAV from top and side view, respectively. The results of
adjusting eNodeB numbers from 1 to 4, 1 to 6, and 1 to 8
were displayed. For yellow cylinders, the radius is HPL
and half of the height is VPL. In addition, green and red
dots represent the estimated position and true position of
UAVs, respectively.
Tables 3 and 4 show the values of HPLs and VPLs of
UAVs depending on the number of eNodeBs,
respectively. The PLs in Tables 3 and 4 are obtained by
averaging the PLs from 100 simulation runs. The mean
values of HPLs are 23.00 m, 19.83 m, and 16.89 m
with eNodeB numbers ranging from 1 to 4, 1 to 6, and 1

(IITP).

to 8, respectively. Also, the mean values of VPLs are
47.50 m , 39.32 m , and 33.60 m with eNodeB
numbers ranging from 1 to 4, 1 to 6, and 1 to 8,
respectively. As expected, the simulation results show
that the size of the HPL and VPL tends to decrease as the
number of eNodeBs increases.
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5. CONCLUSION
We have developed a visualization tool for LTE-based
surveillance of UAVs in an urban area. User can select
the number and position of UAVs and eNodeBs in the
developed tool. We have calculated the estimated
positions, HPLs, and VPLs of UAVs, and plotted them on
an actual urban map. In addition, we have shown through
simulation that the PL size tends to decrease as the
number of eNodeBs increases as expected.
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