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Abstract—It is very difficult to obtain accurate location in-
formation of a target terminal owned by a man-in-distress.
Especially, if a target terminal is a legacy mobile phone or located
in a GPS (Global Positioning System)-denied area, it is generally
possible to obtain the cell information where a target terminal is
located. In this case, search time for a target terminal becomes
too long to search a man-in-distress within golden time. To obtain
the location, HELPS (Hyper-Enhanced Local Positioning System)
was proposed and its performance was evaluated [1]. As cell size
increases, the time required to search a target terminal increases
with HELPS. In this paper, a novel search system is presented to
find the accurate location of a target terminal owned by a man-
in-distress. In the proposed system, a UAV (Unmanned Aerial
Vehicle) is equipped with SME (Signal Measurement Equipment),
which measures the signal transmitted from a target terminal.
UAV navigates and changes its direction based on the AoA (Angle
of Arrival) of the measured signal. To evaluate the performance
of the proposed system, a simulator was built. The simulation
results show that accurate location information can be obtained
within golden time in most cases.

Index Terms—Emergency Location Service, Localization, UAYV,
Angle of Arrival.

I. INTRODUCTION

In case of emergency, it is crucial to find the accurate loca-
tion information of a man-in-distress. Since most emergency
calls are originated from a mobile terminal owned by a man-
in-distress, there has been several studies and researches to
obtain the accurate location of the mobile terminal [2]-[5].

Traditionally, the emergency location information has been
obtained using the measurements on cellular downlinks, WiFi
(Wireless Fidelity) and bluetooth signal as well as GPS (Global
Positioning System) measurement in a target mobile phone
[6], [7]. It is not possible to receive GPS signals indoors. In
addition, it is difficult to obtain accurate location informa-
tion using GPS in environments with big obstacles. WiFi or
bluetooth based location has limited service area and accuracy.
Furthermore, some legacy phones do not support GPS or WiFi-
based location information in emergency environments.

To overcome the accuracy limitation in emergency location
services, HELPS (Hyper-enhanced Local Positioning System)
has been proposed [1]. HELPS is composed of SME (Signal
Measurement Equipment), LCS (Location Calculation Server),
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a target terminal and a base station which is connected to a
target terminal. With HELPS, a serving base station commands
a target terminal to transmit a predetermined uplink signal.
First responders with portable SME search for a target terminal
based on the measurement of SME for the uplink signal
transmitted from a target terminal. As SME approaches a target
terminal, the received signal strength for a target terminal
increases. Therefore, HELPS can provide location information
with unlimited accuracy. Furthermore, it is possible to obtain
accurate location information for all mobile terminals without
modification.

With HELPS, accurate location information can be obtained,
as SME moves around the uncertainty range of the location
of a target terminal. As the uncertainty range of a target
terminal increases, the time required to search a target terminal
increases. To overcome the problem of large search time in a
large uncertainty condition, in this paper, a novel search system
is presented to find the accurate location of a mobile terminal
owned by a man-in-distress. The proposed search system is
based on a UAV (Unmanned Aerial Vehicle) with SME. The
UAV with SME can obtain the AoA (Angle of Arrival) of the
signal which a target terminal transmits and navigate to search
a target terminal [8]. With the proposed search system based
on a UAV, it is possible to search a target terminal in a short
time, even in a large cell environment. The performance of
the proposed search system is evaluated by simulation.

II. PROPOSED SEARCH SYSTEM

In this paper, a search system is proposed for a target
terminal owned by a man-in-distress located within a cell.
To search for a target terminal, SME designed for HELPS
is installed in a UAV. The UAV with SME is initially located
within a cell and navigates to find the accurate location of a
target terminal.

Antennas in a uniform circular array are installed in the
UAV to enable omnidirectional AoA estimation for signals
transmitted from a target terminal [9]. Based on the AoA
estimation result, a UAV navigates to the estimated direction
searching for a target terminal.

UAV changes direction according to the AoA estimation
result, which is obtained using a MUSIC algorithm [10]
[11]. The performance of the MUSIC algorithm-based AoA



estimation is highly dependent on the received SNR at the
UAV.

For AoA estimation based on a MUSIC algorithm, SME
computes the spatial spectrum value for a received signal over
a fixed time interval. To obtain a more reliable AoA estima-
tion, SME non-coherently accumulates the spectrum values
measured in different time. The non-coherent accumulation
can be expressed as

K
Puec(0) = ZPMUSIC,k(9), )]
=1

where Pryrusic,r(6) is the spatial spectrum value computed
during the k-th time internal and K is the number of non-
coherent accumulations. After accumulation, the AoA is deter-
mined as the angle corresponding to the maximum of P,..()
[12] [13].

Depending on the received SNR, the cell is divided into
three different regions, which are low SNR, medium SNR,
and high SNR regions. The low SNR region is the area where
the received SNR is lower than a threshold 77. The high SNR
region, on the other hand, is the area where the received SNR
exceeds another threshold 75. The medium SNR region is
where the received SNR is between 1 and T5. If the UAV is
located in the lower SNR region, the accuracy of the AoA
estimation becomes lower. Therefore, considering the AoA
accuracy depending on the received SNR, different number
of accumulations is performed in each region.

TABLE I
SEARCH PARAMETERS OF THREE SNR REGIONS

Region Moving distance between Time spent in each
direction changes (m) movement (sec)
Low SNR 500 20
Medium SNR 100 5
High SNR 20

Table I shows an example of the search parameters of three
SNR regions. The UAV changes direction after moving 500
m, 100 m and 20 m in a low, medium and high SNR regions,
respectively. As the UAV is located in lower SNR regions,
SME accumulates more times instant spatial spectrum values
to obtain a more reliable AoA estimation.

ITI. SIMULATION RESULTS

The performance of the proposed search system was evalu-
ated using a simulator. The simulator is composed of a UAV
with SME, a target terminal, and a wireless channel model.
For the estimation of AoA based on a MUSIC algorithm, 8
antennas are installed in the UAV.

Search tasks for a target terminal were simulated for rural
channel with an elevation angle of 10°. The probability of
LoS (Line-of-Sight) was set for each channel considering the
elevation angle [14]. SME computes a spatial spectrum value
for a measurement time interval of 1 ms. All measurement time

intervals are separated by 100 ms, which is the period of sig-
nals transmitted from a target terminal for HELPS operation.
Therefore, all short-term fadings which the transmitted signals
experience become independent of each other. Since the UAV
navigates more than 20 meters after a direction change, the
Ao0A estimation is assumed to be obtained for an independent
shadowing and LoS probability.

The received power at the SME Prx can be expressed as

where Prx is the transmission power of a target terminal, P
is the received signal power at a distance of 1 meter from the
target terminal of which transmission power is 0 dBm, C'L
is clutter loss, n is a path loss exponent, d is the distance
between the SME and the target terminal, N is the spectral
density of a thermal noise, and ¢ is a shadowing component.

Simulations are performed in a cell, of which center a base
station is located. The radius of a cell is assumed to be 5, 10 or
20 km. For each search task, the location of a target terminal
is uniformly located within a cell. The UAV is assumed to
start a search task from the center of the cell. If the distance
between the target terminal and the UAV is less than 20 meters,
the search task is finished.

TABLE I
SIMULATION RESULT (RURAL)

Cell Average number of direction changes Average
radius Low SNR Medium SNR High SNR search time
(km) region region region (sec)
5 3.1 15.2 6.9 151.8
10 10.1 16.0 7.0 296.0
20 23.0 16.0 7.0 554.0

Table II show the simulation results obtained from 300
search tasks for the proposed search system. The results are
obtained for rural channel. The simulation results include the
average number of UAV direction changes in each SNR region
and the average search time spent for a search task. As the
cell radius increases, the average search time increases from
151.8 seconds to 554.5 seconds, and the average number of
UAV direction changes in a low SNR region increases from
3.1 to 23.0. The average number of UAV direction changes
does not change significantly in medium or high SNR region.

From the results, it can be observed that the average search
time increases as the cell radius increases. As the cell radius
increases, it can be observed that the number of direction
changes increases in low SNR region but does not change
significantly in medium and high SNR regions.

IV. CONCLUSION

In this paper, a UAV-based search system is proposed to
search the target terminal owned by a man-in-distress using
HELPS. The performance of the search system is evaluated via
simulation in rural channel. The simulation results show that
the search time increases as cell radius becomes larger. With



the proposed search system, it is possible to search a target
terminal in a reasonable time even in a large cell environment.
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