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Abstract—We describe a system combining low-cost Unmanned
Aerial Vehicle, lightweight single-board computer and software
defined radio for GSM cellphone localisation in emergency
situations. We describe the hardware and software aspects of
the system and detail the localisation approach. We demonstrate
the vehicle enacting automated search in an outdoor location,
locating the user device within a short period.

I. I NTRODUCTION
In recent years, low-cost consumer-grade unmanned aerial
vehicles (UAVs) with autonomous flight capability have come
onto the market. In the same period, practical, inexpensive
software-defined radios (SDRs) and embedded computing
hardware have also become increasingly available and capable.
In this work we investigate integrating these technologies to
create a low-cost aerial radio sensing platform, which we
demonstrate in practical experiments localising cellular phones
using the Global System for Mobile Communications (GSM)
2G standard. Received Signal Strength (RSS) from the phone
coupled with Global Positioning System (GPS) readings are
used to determine location via non-linear optimisation.
This approach is motivated by the problem of identifying
the location of persons who may be trapped or isolated in an
emergency situation, for instance, a hiker lost in mountains,
or individuals trapped after an earthquake. By using a UAV
to survey and locate individuals who may be in distress, the
problem of difficult terrain is minimised, and safety personnel
need not be exposed to unecessary risk. As the GSM standard
is supported by most cellphones, and the SDR is capable of
operating in multiple bands, this approach can recover RSS
readings from the majority of cellphones. Furthermore, the
relatively low cost of the hardware used in this platform is
well-motivated by the desire to cover a lot of ground, possible
with multiple UAVs, as well as mitigating the impact of a
vehicle loss.
II. S YSTEM D ESCRIPTION
A. Hardware
1) Unmanned Aerial Vehicle: In this work, we use a
3DRobotics Iris+ Quadcopter UAV (Figure 1) . This UAV features a Pixhawk 4 flight computer which supports MAVLink
(Section II-B1) protocol control. The UAV can carry up

Fig. 1: UAV with attached SDR, Companion Computer and
Power

to 400 grams in extra equipment and has a flight time of
approximately 30 minutes on a full charge. Control of the UAV
is performed either using a manual 2.4GHz FrSky controller,
or through MAVLink commands via 433MHz telemetry radio
connection.

Fig. 2: Nuand BladeRF x40 Software Defined Radio
2) Software Defined Radio: The BladeRF x40 (Figure 2)
is a $420 Software Defined Radio produced by Nuand, with
an operating range between 300MHz and 3.8GHz. Using
YateBTS II-B2, the BladeRF can be configured to operate
as a low-power mobile cellphone Base Transceiver Station
(BTS). The BladeRF is powered over a USB 3.0 (900 mA)
connection, and broadcasts at 6dbm, giving a practical range
for communication with cellphones of approximately 100

metres. In these experiments, the BladeRF uses a pair of
Vert900 antennae without amplification, for a total weight of
120g, making it well-suited to the limited payload capacity of
the Iris+ drone.

Fig. 3: UAV GSM Localisation Platform
3) Companion Computer: While the Iris+ UAV has a
flight computer, it isn’t powerful enough to perform complex
computation or to manage an SDR. A “Companion Computer”
communicates with the flight computer via MAVlink wireless
connection, and is responsible for managing the radio search
aspects of the platform, including operating the software BTS
and localising user devices based on Received Signal Strength
Indication (RSSI). In this work we use a Minnowboard Turbot
(Figure 3 due to its light weight (45g), low cost, USB 3.0
support and effective computation capability. The Companion
Computer is powered by a rechargable 5V 2.2Amp power
bank, and supplies power to the BladeRF via the 900mA USB
3.0 port. While the Companion Computer can communicate
with the UAV flight computer, this is discouraged by the UAV
manufacturer due to potential corruption on the UAV USB
connection, hence the use of a 3DR 433MHz telemmetry radio
connected to the Companion Computer for communication
with the UAV via MAVLink (Section II-B1).
B. Software
1) Micro Air Vehicle Communication Protocol (MAVLink):
MAVLink provides for communicating flight commands to the
UAV Pixhawk flight computer via 433MHz telemetry radio
connection. Using a telemetry radio, the Companion Computer
can request the UAV’s current geographical position, altitude,
heading, velocity and other metrics. Through this connection,
the Companion Computer can also provide waypoint destinations for the UAV to visit. Through these communications,

we can associate radio readings with geographic positions, and
use these for localisation.
2) Yate & YateBTS: Using the BladeRF as a transceiver,
we implement the GSM stack using Yate as the telephony
engine and YateBTS for wireless communications and subscriber management. By appearing to be a more powerful
Base Transceiver Station, user devices can be “spoofed” into
attempting to associate with the aerial BTS. While the device
is not accepted as a subscriber (to ensure it remains available
on its original network), this association request is sufficient
to retreive an RSSI reading for the cellphone.
3) Levenberg-Marquardt Localisation: As radio propogation is inherently variable, and scattering and shadowing
effects can have a significant impact on the utility of RSSI as
a distance metric, trilateration of a user device using linear approaches yields ambiguous results. The Levenberg Marquardt
(L-M)[1] algorithm is a non-linear least-squares optimisation
algorithm. Using the Apache Commons Java implementation
of this algorithm, we pass location and distance estimate
reading pairs to the algorithm to compute a close-matching
model, on which we locate the optimum and consider this the
current candidate for cellphone location. As further readings
are made, the models improves and the accuracy of the
localisation improves also. As the UAV improves the estimate
of cellphone location, it moves closer to the expected location
and this results in further readings which, if the estimate is
accurate, feature a stronger received signal. Ultimately the
readings at the estimated UD location are sufficiently powerful
that the localisation can be considered successful and the UAV
returns to its origin.
III. D EMONSTRATION D ESCRIPTION
For the main part of demonstration, we present video of the
system in operation, succesfully locating an individual user
device outside in the countryside. The UAV implements the
searching behaviour described in Section II-B3 to determine
the possible location of the cellphone, and progressively
improves this estimate until it is flying directly above the
location. The UAV then returns to its starting location and
transmits its discovered location to a laptop.
In addition to video of the live system operating, we also
present the UAV search and rescue platform hardware (with
the UAV itself powered down, non-flying), demonstrating how
the components are integrated together and the use of costeffective off-the-shelf equipment, as well as a software demonstration of the localisation algorithms in operation running on
a laptop.
IV. C ONCLUSION
We designed a platform based on low-cost commercial offthe-shelf components and freely available software to implement a flexible aerial radio sensing platform. We demonstrated
the UAV localisation system locating a user device based on
the reception of GSM association requests broadcast by the
device in response to GSM beacons emitted by the SDR
operating as a GSM Base Transceiver Station in the air. In

future work, we will conduct further experiments localising
user devices in the air using an automated search strategy,
and will also investigate collaborative searching procedures
using multiple coordinated UAVs and localisation of noncellphone wireless devices such as wireless sensors or other
other autonomous vehicles.
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